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FLUID FLOW BASICS OF THROTTLING VALVES

FLUID PARAMETERS -

The following fluid parameters are frequently associated with throttling valves —
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THE BASICS OF THROTTLING VALVES

THROTTLING VALVES

Valves that are utilized as fluid control devices are typically “throttling valves”.

Cond
Inlet

Upstream Throttling

Valve

>3

Cond.

@ Outlet

Downstream

AP =P,- P,

Such valves experience internal velocity and internal pressure gradients (both positive and

negative) that conclude with a permanent pressure loss (AP) from the inlet pipe-to-outlet pipe

connections. Throttling valve trim (plug-seat) experiences relatively high internal velocities
nearly 100% of operating time. In comparison, ON-OFF automated or manual valves experi-
ence velocity changes ONLY when being actuated from “open-to-closed”, or vice versa; i.e. a

few seconds or minutes.

Bernoulli’'s Theorem is the most useful tool in
analyzing what is going on physically within

the walls of a throttling valve, which includes —

» velocity gradients
» pressure gradients

The other important tool is the 1st Law of
Thermodynamics which allows analyzing —

+ fluid state
* thermal effects

Bernoulli’s principles apply to the following for
throttling valves —

* inlet pipe reducer

* pressure drop to main orifice
* pressure recovery to outlet

* outlet pipe reducer

WHEN YOU APPLY BERNOULLI's THEOREM TO FLOWING FLUIDS, YOU
ARE REALLY APPLYING THE "LAW OF THE CONSERYATION OF

ENERGY". THIS LAW STATES THAT ENERGY CAN BE CONYERTED

FROM OME FORM TO ANOTHER, AND BACK AGAIN, AND THE SYSTEM

TOTAL ENERGY WILL BE CONSERYED, i.e. WILL BE A CONSTANT.
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BERNOULLI's THEOREM gives us

*Effect of elevation.
*Interrelational effects of staltic and velocity pressures.




When the pressure gradients are graphically shown, one ends up with the rather typical “vena

contracta” curve —
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The velocity gradients form a sort of “inverse” of the vena contracta curve —

VELOCITY

W dC ol 1722 A1 O],

DRy E

Inlet Reducer; pressure decreasing

Fluid velocity increasing thru

(Wl eyl N7

a7 VA @

to velocity pressure; BIG
velocity increase .

BIG conversion of static pressure

Fluid velocity decreasing thru
utlet Reducer; pressure increasing

%

Ul o

YENA CONTRACTA

Inlet
Reducer

Inlet
Pipe

a. Near Plug & Seal exil zone |
b. Point of MAX velocity ’
c. Point of MAX velocity pressure
d. Point of H!N static pressure

nlet Pipe

&

AP

THROTTLING YALYE

(Plug & Seat)

4]
=
5 &)
=
O
3
=3
Pz
" O
Outlet Outlet
Reducer Pipe

DISTANCE - TIME =——p

A4-



The depth of the vena contracta “dip” is primarily a function of a throttling valve’s geometry;
globe vs. butterfly, etc. The important parameter in determining the P, is — “F, — Liquid
Pressure Recovery Factor”. As the name implies, the F_ factor is a measure of the effective-
ness of the reconversion of velocity pressure into static pressure from the main orifice of the
throttling valve (@ vena contracta) to the valve’s outlet.

The following graphic attempts to give relative representation of the four major valve styles
used for throttling service.
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Both butterfly and ball valves are sub-classified as “high recovery valves”. As a general rule,
globe and eccentric plug (rotary globe) styles tend to make “better” throttling control valves.




FLUID STATES

Fluid flow is classified into two basic fluid states at the inlet.

LIQUID GAS-VAPOR
(Non-Compressible) (Compressible)

As pressure changes occur within a throttling valve, it is possible to produce 2-phase flow at
the valve’s outlet for either a liquid or gas-vapor at the inlet.

A “vapor” is a “gas” that is at, or relatively near, its “saturation” (boiling) conditions of pressure
and temperature; i.e. saturated vapor or slightly superheated vapor. A “gas” is a fluid that does
not liquify at reduced temperatures, or is a highly superheated vapor.

Throttling valves operate as “steady state, steady flow” devices. The entering and exiting mass
flow rates are the same; i.e. flow is “continuous”, and the Continuity Equation is applicable —

m1=m2

(EQ. #1) 1AV, = Q,A,V, | (no phase change)

Q1A =|szA2v‘_’2v|+ IQz|_'°‘2L‘72|_| (2-phase outlet)

| o
Vapor Liquid

It is a thermodynamic principle that whenever there is a phase change between a throttling
valve’s entering and exiting fluid state, there is also a temperature change (i.e. decrease or
cooling) in all such applications —

T,>T,
LIQUIDS. For simple “liquid-in and liquid-out” flow there is no density change of the liquid —

C1=C

This constant density results in other parameters being typically affected —

\ f
LIQUID LIQUID
L/ N
Upstream Throttling Downstream
Valve
AP=P,-P,
fnl = r'n2 A=A, T, =T, —no phase change
V1:V2 ngQZ legz
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GAS-VAPORS. For simple “gas-vapor-in and gas-vapor-out” flow, there is a density change
(i.e. decrease) of the gas-vapor as the fluid decompresses (i.e. expands) —

C1>0-

This changing density results in other parameters being typically affected —

v

Cond. Cond.
GAS-VAPOR E -+ @ GAS-VAPOR
N
Upstream Throttling Downstream
Valve
AP =P1- P

m=m, A;<A, T;=T,———3» GAS or HIGHLY
SUPERHEATED VAPOR
V>V, @,<%, T,>T,———3 VAPOR

Q1> 02

THERMODYNAMIC PRINCIPLES

THROTTLING PROCESS. In looking into the thermodynamic principles of a “throttling pro-
cess”, we know —

[ &= + 3G [l

Upstream Throttling Downstream
Valve

Ah=h, - h,

AR =0
THE CHANGE IN ENTHALPY ACROSS A RESTRICTION IN A PIPE — ORIFICE, REGULA-
TOR, CONTROL VALVE — IS “*ZERQO” FOR ATHROTTLING PROCESS.

By the continuity equation — m; =m,
m,;h; —m,h, =0 OR
(EQ. #2) m(h,~h,) =0

Parameter English Units Metric Units
h, = Valve Inlet Enthalpy Btu/# kJ/kg
h, = Valve Outlet Enthalpy Btu/# kJ/kg
m; = Inlet Mass Flow #/Hr kg/Hr
m, = Outlet Mass Flow #/Hr Kg/Hr



It is the use of fluid thermodynamic data and the thermodynamic principles of the “constant
enthalpy throttling process” that throttling valves experience which allows an accurate determi-
nation of a fluid’s state while internal to the valve as well as at the valve’s outlet. In particular,
we want to know what the fluid is physically doing at the throttling valve’s main orifice (plug-
seat); i.e. what is occurring at the vena contracta and elsewhere within the valve?

SATURATION STATE. Afluid is said to be “saturated” when —

» Liguid - when at the boiling temperature — T, — for a given pressure — P,
Examples: Water @ P, = 14.7 psia —p T, = 212°F
Pgy=1.0135BarA— 5 T, =100°C

Water @Pg,, = 145 psig 3, T, = 355.8°F
P=10BarA____5 T, =179.9°C

* Vapor - when at the boiling temperature — T, — for a given pressure — P,
Examples: Steam @ P, =14.7 psia — 3 T_,; = 212°F
Py =1.0135BarA— 5 T, = 100°C

Steam @ P, =145psig__—___5 T, =355.8°F
Pag=10BarA_____3 T, =179.9°C

Restating the above examples, we have both saturated liquid water (condensate) and satu-
rated steam at the same P, and T, .. Further, for any given fluid in its “saturation” state, when
we have its pressure (Pg,,), we KNOW its temperature (T,,,). To say a fluid is “saturated” is to
give a property of the fluid. Only two extensive properties of a fluid will locate the fluid in the
physical universe. We know exactly where a fluid is when we say the fluid is —

» saturated water at P, = 29 psia = 2.0 BarA, we know that T, = 248.4°F = 120.1°C.
* saturated steam at T, = 212°F = 100°C, we know that P, = 14.7 psig = 1.013 BarA.

SUPERHEATED VAPOR. A fluid is a superheated vapor when its temperature is greater than
T4 corresponding to the flowing pressure.

Examples: Steam @ P, =145 psia & T, = 425°F 69.2°F SH
(T, = 355.8°F)

sat —

P, =10 BarA& T, = 219°C 29.1°C SH
(Teat = 179.9°C)

sat —



To say a vapor is “superheated” does NOT give an extensive property of the fluid; so, a second
property must also be known to physically locate a superheated vapor in the universe.

SUB-COOLED LIQUID . A liquid is sub-cooled when its temperature is less than T, corre-
sponding to the flowing pressure.
Example: Water @ P =145 psia & T = 60°F (Tg4t = 355.8°F)

P=10BarA& T =155°C (T.,=179.9°C)

sat —

To say a liquid is “sub-cooled” is NOT to give an extensive property of the fluid; so, a second
property must also be known to physically locate a sub-cooled liquid in the universe.

THUMB CURVE — T vs. H GRAPH. The following graph is plotted using thermodynamic data
for steam condensate; i.e. straight out of the “Steam Tables”.
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These graphs are NOT useful for sub-cooled liquids; they are ONLY useful for analyzing boil-
ing (vaporizing) liquid/vapors and superheated vapors.

The “critical” properties of “Critical Pressure - P_.” and “Critical Temperature - T.” are located at
the “peak” of the T vs. H Curve.



The important consideration for throttling processes is —
AH=0

This means that from Condition @—to-Condition@ for throttling valves, you move downwards
along a vertical line, as the enthalpy does not vary.

Examples:

Hot Condensate
P, = 150 psig = 165 psia
T, = saturated @
P, = 35 psig = 50 psia

¥

T, =366°F
T, =290°F
Desc, = “Flashing”-2-phase

} AT = -76°F

Hot Condensate
P, =9 Barg =10 BarA
T, = saturated
P, =1.5 Barg = 2.5 BarA

¥

T, =180°C
T,=127°C
Desc, = “Flashing”-2-phase

} AT = -53°C

Steam
P, =250 psig = 265 psia
T, = Saturated @
P, = Atm = 14.7 psia

¥

T, =406°F
T, =310°F
Desc, = Superheated Steam

} AT = -96°F

Steam
P, =14 Barg = 15 BarA
T, = Saturated
P, = Atm = 1.013 BarA

¥

T,=198°C
T, =150°C
Desc, = Superheated Steam

} AT = -48°C

Steam
P, =435 psig = 450 psia
T, =770°F @

P, = 185 psig = 200 psia

¥

Teq @ Py =456°F

Desc, = Superheated Steam @
T,=755°F — 5 AT =-15°F

Desc, = Superheated Steam
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Steam
P, =29 Barg = 30 BarA
T, =410°C
P, =14 Barg = 15 BarA

¥

Tea @ Py =234°C

Desc, = Superheated Steam
T, =400°C — 5 AT =-10°C
Desc, = Superheated Steam



TEMPERATURE. By reviewing the T vs. H Graphs on pg. 9, we can make a few temperature

generalizations for saturated steam —

 Athrottling AT (i.e. T, = T,) is always present with a throttling AP (i.e. P, — P,).

» Greater AT's occur for throttling AP’s within the saturation dome.
* A AT is always associated with a throttling AP that causes phase change.

» Highly superheated vapor has a relatively small AT for a throttling AP.

» Slightly superheated vapor has a higher AT for a throttling AP than a highly super-

heated vapor.

* Vapors carry higher “heat contents”.

This cooling effect due to throttling is frequently referred to as “Joule-Thompson cooling”.

When a liquid is sub-cooled (below T,,) both in and out of a throttling valve —

» There is no AT (i.e. T, = T,) for a throttling AP.

BASIC PRINCIPLES. If one learns the
thermodynamic principles of water-
steam, then the same principles can be
applied to many other fluids, even those
that typically exist as gas-vapor at ambi-
ent pressure and temperature conditions.
A basic understanding of these principles
will help in understanding the process
industry, because fluid separation by
differing boiling points is a common
occurrence in the Chemical Process
Industry. Notice the similarity of the
saturation domes of butane, propane,
ethane, and methane plotted together at
right; there is a striking resemblance to
the earlier water-steam H vs. T plot. As
very few processes operate at ambient
pressures, one must be aware of the
“pressure” conditions as well as the
“temperature” conditions TOGETHER,;
i.e. Tgyt & Pgyp Air separation plants and
crude oil distillation processes are ex-
amples of application of these principles.

For throttling valves, an understanding of
these principles will help in understand-
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ing both “Cavitation” and “Flashing” in the liquid flow realm, and will also help with understand-

ing refrigeration and cryogenic applications.
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LIQUID FLOW REALM

FLOW DESCRIPTION. Liquid flow is non-compressible flow. The first consideration in liquid
throttling service is whether the fluid is acting in the “turbulent” or “non-turbulent” realm. “Non-
turbulent” can be sub-

categorized as “laminar” or
“transitional”.
The fluid parameter that is
IR i most predictive of non-
turbulent flow is the fluid’s
LAMINAR FLOW TURBULENT FLOW viscosit “a second predic-
1. ¥W_ave <1 ft/sec (0.3 Mssec) 1. ¥ > 2 ft/sec (0.6 M/sec) tive parameter is very low
2. ¥, is NOT constant across 2. ¥ is nearly constant; Ve|0city, which can occur
the pipe's cross—-section; no velocity profile is : _
a "velocity profile” is formed. Pipe wall e,Ven for re'Iatlver non
formed, where at the pipe velocity is only viscous fluids.
wall, ¥ = 0 ft/sec. slightly less than Y.
3. Flow "streamlines” are formed. 3. Mo flow streamlines are
formed.

REYNOLDS NUMBER. A calculated dimensionless number value — the Reynold’s No. — Ng,
— is used in both pipes and throttling valves to categorize the differing realms —

Pipe Reynold’s No. — N Rep

(EQ #3) Ngep = V0
N,eH

Parameter English Units Metric Units
D = Pipe Internal Diameter ft M
vV o= Average Velocity ft/sec M/sec
Q = Density #/ft3 kg/M3
U = Absolute Viscosity — cP (gm/cmesec)
He. = Absolute Viscosity cP (#/ftesec) —
No = Units Correlation Constant dimgﬁ()s:?grfless dimerllé(i)gnless

Determination of Pipe Turbulence Realm

Nrep < 2100 ———3p “Laminar Flow”

2100 < Ngep < 10,000 ————ppp “Transitional Flow"

NRep > 10,000 ————3p “Turbulent Flow”
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Valve Reynold’'s No. - N Rev

oF of 2.0 2 0.25
NRrev = NaFgQ LGy 1
v\[F*C, N,ed*
N, oF +Qe here: g =Vs
(EQ #4) Ng, = —4Fa"QSCG | where: i ) SZG .
Ny FiCy FLCy, 1| =1
N,ed*
Parameter English Units Metric Units
Fq = Valve Style Modifier dimensionless dimensionless
Q = Volumetric Flow Rate US GPM M3/Hr

M = Absolute Viscosity

He = Absolute Viscosity

Liquid Pressure Recovery
Factor

C, = Valve Sizing Coefficient
v~ = Kinematic Viscosity

N, = Units Correlation Constant

T
—
I

N _ = Units Correlation Constant

— cP (gm/cmesec)
cP (#l/ftesec) —

dimensionless dimensionless
dimensionless dimensionless
#/ftesec Cst (gm/cmesec)

17,300 dimensionless 76,000 dimensionless
0.0672 dimensionless 1.00 dimensionless

Determination of Valve Turbulence Realm

Nrey < 56 ———3p “Laminar Flow”
56 < NRg, < 40,000 ——3p “Transitional Flow”

Nrey > 40,000 ———3p “Turbulent Flow”

LIQUID FLOW REALMS

NON-TURBULENT
LAMINAR or ¥ISCOUS s TRANSITIONAL

TURBULENT,

The vast number —
greater than 98% —
of applications of
throttling valves are
in the "turbulent”
realm.

S

¥ALYE REYNOLD's NUMBER FACTOR — Fp
N

0.01 0.1 1.0 10 102 10% 10% 10%

YALVE REYNOLD's NUMBER — Np,
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TURBULENT LIQUID FLOW — Non Vaporizing

“Turbulent” liquid flow is the most common type of liquid flow. It is in this realm’s context that
the English “Valve Sizing Coefficient — C,,” originated. By definition —

(EQ #5) c,=0 '\
AP
Where: fluid = water ]
AP =P, -P,=1.00 psid
Q = 1.00 US GPM > C,=1.00
T =60°F
SG =1.00

There is a “Metric Valve Sizing Coefficient - k,” defined as —

(EQ #6) k,=Q |/
AP
Where: fluid = water ]
AP =P, - P,=1.00 BarD
Q = 1.00 M3/Hr > k,=1.00
T=4°C
SGy, = 1.000
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By correlating the units with conversion factors —

Q =1NMS3/Hr = 4.414 US GPM
_ AP=1Barg = 14.5psid
=100 < T=4°C = 38.6°F
SGy =1.00 = 1.0013

Substituting into EQ. #5 —

C,=4.414 1.0013

14.5

C,=1.16

EQ#7) | k,=116C,

or

C, =0.865k,

As the “C,” coefficient is more universally utilized, this book will remain with “C,,” hereafter.

By using the correlation factor of EQ #7 (1/1.16 = 0.865), a single equation can be used for
both English and Metric units —

Cond. Cond.
Inlet @ E — — d @ Outlet

Upstream Throttling Downstream
Valve

AP =P,- P,
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: \ /(P —P
(EQ #8) Q=N;-C, (lS—GZ)

Parameter English Units Metric Units
C, = English Valve Sizing Coefficient dimensionless dimensionless
Q = Volumetric Flow Rate US GPM M3/Hr
SG = Specific Gravity dimensionless dimensionless
P, = Valve Upstream Pressure psig, psia Barg, BarA
P, = Valve Downstream Pressure psig, psia Barg, BarA
N, = Units Correlation Constant 1.00 dimensionless 0.865 dimensionless

As N4, C,, and SG are each a “constant”, the “liquid sizing equation” (EQ. #7) can be repre-

sented as —
Q = K \/AP Where: K = combined constant

Q = \/ap

Thus, for non-vaporizing liquid flow, FLOW IS PROPORTIONAL TO THE SQUARE ROOT OF

PRESSURE DROP.
S = NasC \ / AP
Q A V) SG

L Nl.CV
Q_'\/SG' i

The above equation can be represented by a straight line as follows —

(EQ #8)

-16-



X-axis = \/ AP

y-axis = Q

slope = N1-CV/ \/ SG

y-intercept =0

CAVITATION. If a throttling valve is put into a test apparatus using water with adequate flow
and pressure capability, it can be observed that in reality the straight-line result does not occur,
but begins to show a “deviation” at the higher flow rates (also higher AP’s). If the AP is in-
creased further, a point will be reached where added AP will no longer increase flow signifi-
cantly. In fact, if the AP is increased by lowering the P,-outlet

The deviation
results be-
cause vapor
bubbles are
forming within
the flow
stream. A bubble requires 200-800 times as
much volume as a comparable liquid mass.
The end result is that the average liquid +
vapor stream velocity increases dramatically
even though only a small percentage of liquid
vaporizes. These bubbles are forming be-
cause the throttling valve’s internal static
pressure decreases to a level below the
fluid’s vapor (saturation) pressure. When this
occurs, there are several 2-phase zones that
are used to sub-categorize the flow.

“Choked flow” is a condition normally associ-
ated with gas-vapor service. “Choked Flow -
Liguid” means from a practical viewpoint that
the fluid is acting more like a gas vapor than a
liquid.

2 AW SN

EXPANSION = 207 times !!!

pressure, the flow will remain constant. Conditions have arisen
L that has the flow described as “CHOKED FLOW?”. Here, flow is
e no longer proportional to the square root of pressure drop. The
pressure drop corresponding to Choked Flow is “AP 4" (Also
known as AP itical OF AP choked):

SATURATED STEAM

T=338.1"F=170.0°C
P = 115 psia = 100 psig

= 7.93 BarA = 6.92 Barg
v = 3.882 ft3/*

= 0.2422 M3/Kg

.....
T

SATURATED WATER
T = 406.1 °F = 207.7°C
P = 2635 psia = 250 psig
= 18.3 BarA = 17.3 Barg
v =0.01873 1t3/*
= 0.00147 M3/Kg

EXPANSIOHN = 455 times !

SATURATED STEAH
T=281.0"F=138.2°C
P = 50 psia = 35 psig

= 3.45 BarA = 2.43 Barg
v = 8.515 ft3/*
= 0.5313 M3/Kg

EXPANSION =870 times !

THE “EXPANSION” PROBLEM OF ABOVE

IS A SIGNIFICANT PROBLEM IN CAVITATING

OR FLASHING LIQUIDS I
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SATURATED STEAM
T=240.1°F=1155"°C
P = 25 psia = 10 psig

= 1.72 BarA = 0.71 Barg
v = 16.303 ft3/*

= 1.017 H3/Kg



NON-CHOKED,
P, NO PARTIAL COND. g
CAVITATION
_pvc pv[: N pvp INLET AP = pl - p2 OUTLET
Pvp ffffffffff _— NO CAYITATION
P, NO FLASHING m,=m
NON-CHOKED, NON-CHOKED v, =V,
P, POINT OF INCIPIENT O Y APORIZING
CAVITATION o ok o

P,. =P PARTIAL CAY.
¥C ¥p — B
Pyp————M-P, —_— NON-CHOKED m,=m,
V] #VZ
I:)I
NON-CHOKED, \
PARTIAL CAV. Pyp 2> Pyc ] YAPORIZING
P

p 100% LIQUID SOME YAPOR + LIOUID 100% LIQUID
pQ

vp > pw:
- EXCESS PARTIAL
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=My
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CHOKED, YAPORIZING
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not liquid) V, #V —
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YAPORIZING [
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There are three different zones describing “cavitation” that are used by Cashco —

« Partial Cavitation
* Excess Partial Cavitation
« Full Cavitation

and one category described as “Flashing”.
Cavitating liquids can be broken down into two steps —

* 1st Step — Formation of vapor bubbles.
* 2nd Step — Collapse or implosion of vapor bubbles.

Cavitation 1st Step . As previously described, the space required for vapor bubbles greatly
increases average fluid velocity. The liquid velocity is raised sufficiently to cause increased trim
erosion. Fluids that reach descriptions “Excess Partial Cavitation” or “Full Cavitation” should be
supplied only with metallic parts; i.e. no soft seats. It would be best for these parts to be hard-
ened against the erosive effects of liquid at high velocity. This is recommended because the
vapor bubbles form prior to the flow passing through the main orifice. Fluids that are described
in “Partial Cavitation” do not need special trim material considerations. It must only be recog-
nized that trim life will be reduced in comparison to a non-cavitating liquid application.

(NOTE: Unfortunately, there exists some nomenclature problems that “confuse” the descrip-
tions given to the vaporizing liquid flow zones. When the vapor bubbles begin to form, this is at
times expressed as “flashing”. Thus, all cavitation would begin with flashing, and “Flashing”
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would also begin and end with “flashing”. This book will ONLY use “Flashing” to describe the
liquid zone where P, < P,,p, and the outlet of valve and pipe will contain permanent 2-phase

flow.)

Cavitation 2nd Step . An
“implosion” is the opposite of
an “explosion”. As the name
implies, it is an intense, sud-
den vapor bubble collapse.
Whereas the vapor bubbles
smoothly form according to
the thermodynamic physical
principles, the collapse does
not. When static pressure is
recovering, it once again

IMPLOSION OCCURS
AT A PARTICULAR
LOCATION THAT MOYES
TOWARDS YALYE AT

LOWER YELOCITY , AWAY
AT HIGHER YELOCITY %7

IMPLOSION
zone

IMPLOSION SOUNDS

s

LIKE ROCKS ROLLING

AROUND INSIDE THE
PIPE

crosses the vapor pressure level where it would be expected for the bubbles to disappear;
however, unexplainably the bubbles remain beyond the valve internals zone and in many cases
will be outside the valve body and in the downstream pipe before implosion occurs. No one has
come up with a plausible explanation of this phenomenon; it can only be observed, predicted

and accounted for.

Physical Mechanism. The “implosion” of vapor bubbles causes no harm (except vibration)
when in the middle of the flow stream. However, when the collapse occurs at the pipe wall, body
wall, or trim parts surfaces, mechanical material
damage can be observed. The mechanism for failure
is fatigue, and is very similar to the impulsive forces

16 Dz.

QO

AFTER MANY NAILS, THE HAMMER !
HEAD METAL FATIGUES DUE TO
LOCALIZED "OVERSTRESSING™, r
AND A PIECE OF THE PARENT ——
METAL "FALLS AWAY".

FORCES SUCH AS A HAMMER
STRIKING A NAIL HEAD ARE
“IMPULSIVE FORCES™; L.E. HIGH
FORCES IN A VERY SHORT PERIOD
OF TIME.

ZIMPULSIVE FORCES™ CAUSE THE
DAMAGE TO VALVE BODY WALL OR

PIECE OF wWOOD
—_— ]

TRIM PARTS AS WELL AS DOWN-
STREAM PIPING.

Y .S.cars steeL = 140,000 psi
STRESS Fynp = 200,000 psi; i.e. Pipe is Overstressed Upon a
LIy Sre/ Area for 2 Shert

Period of Time; ie. a
chunk of metal is

— - removed. +57
- gx
) { arf ¥ BUBBLES FORMED BY
CAVITATION.

imparted by a
hammer blow

depicted to
the left.

Cavitation is
caused by
internal fluid
pressure
conditions,
and not by
flow rate. As
depicted at
right, cavita-
tion “moves”
around within
a valve or its

downstream piping. In reality, it creates more “expen-
sive” problems when a fluid is in the high end of the
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“Excess Partial Cavitation” zone or barely into the “Full Cavitation” zone, for the implosion can
easily occur within the valve body, leading to premature valve “problems” —

* body wall is penetrated * packing leaks
* trim is eroded « diaphragms falil
* guides and bearings become worn * soft seats fail.

Preventing Cavitation. It is the internal static pressure “dip” depth to the vena contracta that
causes the initial cavitation. By “staging” the overall AP into multiple steps, the reduced depth
of the multiple “dips” can result in not crossing below the fluid’s vapor pressure.

Cavitation
Beging

R
HD Cavitation vC2
pVP ________________________________________ pVP
= _— = +
P AP, =P,-P, = AP, + AP,
Y[
SINGLE STAGE 2-5TAGE
THROTTLING ¥YALYE THROTTLING ¥YALYE

The depth of the vena contracta dip is related to the throttling valve’s “F, factor”. Thus, simply
by applying a globe or eccentric plug (rotary globe) throttling valve rather than a ball or butterfly
throttling valve, you can eliminate cavitation. (See page 5.)

It is possible in liquid systems with a narrow turndown ratio (4:1) to use “multiple orifice plates
(MOP)” located either upstream and/or downstream of the throttling valve to eliminate cavita-
tion. Each MOP acts as a stage of AP and acts as “fixed orifices”; i.e. as flow rate varies,

AP also varies in accordance with —

Q=\/ap

Such a system should NOT be allowed to develop any level of cavitation at any stage through-
out its turndown range.

stage

Multiple Orifice
Plate

II{I
Cond. = Cond.
Inlet @g - g - @ Outlet
a
a
P] Throttling e
Yalve P2
AP,
AP, =P




Reducing Cavitation . Most “anti-cavitation” throttling valve trim is somewhat of a misnomer.

Such trim provides “multiple orifices” that are blocked-off or uncovered as the valve plug trav-
els. This multiple orifice method still produces cavitation but it develops smaller vapor bubbles
within the fluid stream. Thus, when the smaller bubbles implode —

SMALLER Y APOR BUBELES
AND A MORE UNDE! (]
IMPLOSION ZONE

» implosion normally

occurs “sooner” rather

than “later”.

» implosion impulsive
forces are smaller.

» better flow stream
cross-sectional distri-
bution of the bubbles is
developed.

LIQUID APPEARS -5
“CLOUDY = R

» Higher percentage of vapor bubbles imploding in the midst of the flow stream and
away from metallic or seat surfaces; i.e. “collapsing upon itself”.

* reduces noise level.

* reduces vibration.

As globe valves and eccentric plug (rotary globe) throttling valves represent the style of throt-
tling valves most frequently applied, the graphic below shows the method used to control

cavitation —

Linear Globe Style with
Anti-Cavitation Cage

Remoye the cage, cut
longitudinally, flatten,
and here is what you
have == --

F4 0 0 0 0 0 o]
e o

0

\
N

Eccentric Plug (Rotary
Globe) with Anti-Cav
Seal Retainer
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000 Q0000 Q00
0000000 0000
o0 00 0

00 0Q 0000 0000

o Q00 0000

o
o
o

o

Ny = Yariable; function
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THE SAME

Remove the seal
retainer, and here
is what you have ----
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In general, the advantage of one style
would be the disadvantage of the other

style.

GLOBE Advantages

oA~ wNPE

Smaller orifice diameters
More orifices

Higher rangeability
Better orifice “block-off”
Higher F

Lower noise level

ECCENTRIC PLUG Advantages

1.

All vapor bubbles outside body; no
body damage.

. Seat ring and plug out of presence

of vapor bubbles.

Higher C,,

Straight-thru flow design.

Seal retainer serves as straighten-
ing vanes to direct flow to center of
downstream pipe; locates implosion.
Less expensive parts (1/3 the cost
of globe parts).



Combination . For high pressure drops it is possible to utilize in combination both “multi-stage

and multi-path “throttling valves. Such valves have

Y PLUG ]
S R
— | L L m-‘—
+ * = | L L m-‘-
$e% T
-

* = L e
v

¥

]
SINGLE DISC DISC STACK
MULTI-STAGE, MULTI-PATH, "DRAG YALWVE"

been identified as “drag valves”, and usu-
ally consist of notched flat plates that have
multiple channels milled within that take a
direction changing circuitous path that can
best be described as “tortuous”. Each of
the notched flat plates are then stacked in
a staggered pattern into a “disc stack” to
form the multi-stage, multi-path design.

Such drag valves can normally be de-
signed to eliminate cavitation, or at least
minimize it. This valve design is very, very
expensive and is normally applied in only
the most “severe service” instances.

LIQUIID FLOY EQUATION

AP

P [[Jvalve Internal Cavitation
y EZModerate Cavitation
/ [EZJHigh cavitation

Intense Cavitation
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FLASHING

n
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P
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PARTIAL CAVITATION. As shown in the graphics on pages 18 and 22, the “intensity” of the
vapor bubble collapse is not so high as to create serious internal mechanical damage, nor is
the percentage of fluid mass that converts to vapor high enough to significantly effect the flow
rate passed through the throttling valve. A “partially cavitating liquid” is further described as
“Non-Choked”. There is no special sizing equation that is used for partially cavitating liquid
service. The AP to cause the “beginning of cavitation (i.e. point of incipient cavitation)” is
known as AP,ncip.

FULL CAVITATION. As shown in the graphics on pages 18 and 22, the “intensity” of the vapor
bubble collapse is high enough to create very serious internal mechanical damage to the
throttling valve and its downstream piping. The percentage of fluid mass that converts to vapor
is high enough to dominate the flow stream, “choking” the flow at the throttling valve’s main
orifice. This level of cavitation is called “Full Cavitation, Choked Flow”. As long as the throttling
AP > 50 psig (3.5 BarD), throttling valves experiencing such cavitation should be —

» Equipped with “anti-cavitation” trim to reduce cavitation intensity.
» Equipped with drag valve trim to eliminate cavitation.

* Change AP, e CONditions.

* Incorporate hardened trim.

The AP to cause full cavitation is identified as AP ;4
EXCESS PARTIAL CAVITATION. It is common sense to expect that as flow that is partially

cavitating, but not yet choked, nears full cavitation and choked conditions, such flow could be
nearly as damaging as full cavitation because —

* internal velocities are very high.
* implosion would be more likely to occur within the throttling valve.

Cashco has opted to introduce another level of cavitation intensity identified as “Excess Patrtial
Cavitation”. Both AP,ncip and APy, €an be mathematically calculated. Thus the two empirical
values can be subtracted —

AAP = AI:)Allow B AI:'Incip

Cashco uses the number of 30% of the AAP as a break point between “Partial Cavitation” and
“Excess Partial Cavitation”. Thus, the zones of cavitation separate as follows —

* Non-choked, Partial Cavitation (0.0—-30% AAP).
* Non-choked, Excess Partial Cavitation (30.1%—99.9% AAP).
* Choked, Full Cavitation (AP .tz = AP ajiow)-

Valves experiencing “Excess Partial Cavitation” should be considered for applying anti-
cavitational throttling valve trim. This is a “judgement call”; if AP 5,4 IS greater than 65% AAP
level, anti-cav trim is recommended.



FLASHING . “Flashing” occurs as shown in the graphics on pages 18 and 22 when the
Pyp > P, and the liquid portion and vapor portion of the flow stream remain separated as

Cond Cond.
G)Q - - "\®
Throttling
Yalve
AP =Py-P,
ELASHING
i v @ (-
V, #V, :
YAPORIZING LIQuID
¥APOR + LIQUID SEP ARATED
LIQUID & ¥APOR
GOQGD I

PROPERLY SIZED PIPE NO "WAVE™ FORMED

vL&v = 30-50 ft/sec
= 0-15 M/sec

M SATURATED YAFOR

VL“"" Vv

UNDERSIZED PIPE

"WAYE" FORMED

The severity of flashing is increased when the
downstream P, static pressure is low because —

» Greater expansion of vapor as pressure
approaches ambient.

» Greater mass of vapor-to-liquid mass per-
centage.

Rather than install oversized pipes, typically the
liquid is separated from the vapor at a “Flash Tank”
as shown at right.

liquid and vapor in the downstream
piping. Because vapors typically move
at higher velocities than liquids, care
has to be taken to keep average com-
bined pipe velocities low enough to
prevent formation of a “wave” inside the
pipe, like that shown at left. If a wave
would eventually cover across the pipe
cross-section, it would accelerate the
average liquid velocity upwards, ap-
proaching the average vapor velocity.
Should this occur and the wave would
hit an elbow, it could cause a cata-
strophic failure of the piping support
system that could put the piping into a
“heap” on the floor! Why? Because
water is more dense than vapor, and the
momentum of the high mass liquid
generates very high impulsive forces,
which the pipe elbow and pipe hangers
must withstand.

o
Cond- HIGH PRESSURE
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Threttling %
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LIQUID SIZING EQUATIONS —

NON-TURBULENT FLOW. The following equations are used for “laminar” or “transitional” flow

realms —
(EQ #9) : \ /(PL=P5)
= N QF ° —_—
Q=Np*Fpe GV —55
Parameter English Units Metric Units
C, = English Valve Sizing Coefficient dimensionless dimensionless
Q = Volumetric Flow Rate US GPM M3/Hr
SG = Specific Gravity dimensionless dimensionless
P, = Valve Upstream Pressure psig, psia Barg, BarA
P, = Valve Downstream Pressure psig, psia Barg, BarA
N; = Units Correlation Constant 1.00 dimensionless 0.865 dimensionless
Fr = Reynolds No. Correction Factor dimensionless dimensionless

Fr can be determined from the graphic on page 13.

There is no known scientific method to evaluate the pipe reducer effect for non-turbulent flow.
Thus, the pipe reducer effect is neglected.

TURBULENT FLOW, NON-CHOKED. This is the basic liquid flow equation —

: P,—P
(EQ #8- repeated) Q=N;*C, (18—62) (No pipe reducers)

EO #10 N e . (P,—-Py) (With pipe reducers)
(EQ #10) Q=N Fpr C, |/
Parameter English Units Metric Units
C, = English Valve Sizing Coefficient dimensionless dimensionless
Q = Volumetric Flow Rate US GPM M3/Hr
SG = Specific Gravity dimensionless dimensionless
P, = Valve Upstream Pressure psig, psia Barg, BarA
P, = Valve Downstream Pressure psig, psia Barg, BarA
N; = Units Correlation Constant 1.00 dimensionless 0.865 dimensionless
Fp = Pipe Reducer Effect dimensionless dimensionless
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Fp makes a correction for the changes in static and velocity pressure as a result of two pipe
diameters associated with pipe reducers as well as resistance (i.e. friction) coefficients.

This equation is applied for “Non-Choked” turbulent flow zone with the following AP “tests” —

AP actual < APincip > “No Partial Cavitation”
AI:)Incip <AI:)Actual _ o
“Partial Cavitation”
APActual < [Aplncip +0.3 (AAP)]
APActual <AI:)Allow _ o
“Excess Partial Cavitation”
AI:)Actual > [Aplncip +0.3 (AAP)

TURBULENT FLOW, CHOKED. There are several equations that pertain to this zone —

(EQ #11) APpiow = FL2(Pi—Pyc) | (No pipe reducers)
FLp? -
(EQ #12) DPpjow = ;Z (P{—Pyo) | (With pipe reducers)
F
p

Where: Py =F;*Pyp

P
Where: F,=0.96-0.28 \/_VP
Pc

(NOTE: See page 43 for determining F| p.)
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AP 0w 1S Used as a “test” to determine the turbulent flow zone. If —

AI:)Actual 2 AI:)Allow

and

Pyp <P;

(EQ #13)

: P, — (F;+ Pyp)
— 1 f VP
Q_N1° I:L°CV\/ SG

(EQ #14)

: P, — (F;* Pyp)
:N'F ° /\/1 f VP
Q 1 "LP CV SG

“Full Cavitation”

“Flashing”

(No pipe reducers)

(With pipe reducers)

Please note that for either “Full Cavitation” or “Flashing”, the flow is “choked”.

Parameter

English Units

Metric Units

English Valve Sizing Coefficient
Volumetric Flow Rate

Specific Gravity

Valve Upstream Pressure
Valve Downstream Pressure
Units Correlation Constant

Liquid Pressure Recovery Factor

= Estimated Pressure @ Vena Contracta

Liquid Critical Pressure Ratio Factor
Liquid Vapor Pressure
Thermodynamic Critical Pressure

= Combined Liquid Pressure

Recovery Factor

dimensionless
US GPM

dimensionless
psig, psia
psig, psia

1.00 dimensionless

dimensionless
psia
dimensionless
psia
psia
dimensionless

dimensionless
M3/Hr
dimensionless
Barg, BarA
Barg, BarA
0.865 dimensionless
dimensionless
BarA
dimensionless
BarA

BarA
dimensionless




GASEOUS FLOW REALM —

Cond. f Cond.
Inlet @ — - @ Outlet
'\-
Upstream Throttling Downstream
Valve
AP =P;- P,

FLOW DESCRIPTION. Gaseous flow is “compressible flow” as previously discussed in ELUID
STATES. This means that as the throttling valve experiences its internal pressure drop, the gas
is decompressing (expanding), followed in many cases by recompression in the pressure
recovery zone. Gas expansion explains why outlet pipe sizes — @, — are typically larger than
inlet pipe sizes - @,p; more “space” is needed.

Laminar or viscous gaseous flow is so very rare an occurrence that there are no “special”
sizing routines used for throttling valves. All gaseous flow is regarded as “turbulent”. (NOTE:
High temperature/pressure polymers are an example of very viscous gaseous flow. Pilot plant
testing is used to verify throttling valve suitability/sizing.)

Whereas “liquid choked flow” is problematic, “gaseous choked flow” service is a common
occurring set of conditions that cause no particular “mechanical problems”, unless accompa-
nied by a high noise level. “Choked Flow” is a self-limiting flow rate for a throttling valve, and it
occurs when the gas velocity reaches the speed of sound near the main orifice (i.e. vena
contracta) of the valve, which acts to set up a “barrier” to additional flow. “Choked Flow” is
sometimes also called “Critical Flow” or “Sonic Flow”.

SONIC VELOCITY. The “speed of sound”, also known as “sonic velocity” or “Mach 1.0”, is a
function of the particular type of gas and its temperature —

(EQ #15) c= \/K9cRT
MW

Parameter English Units Metric Units
= Gas Sonic Velocity ft/sec M/sec
k = Gas Specific Heat Ratio dimensionless dimensionless
g, = Gravitational Constant 32.2#m - ft/#f-Sec 2 9.81M/sec?
R = Universal Ideal Gas Constant 1545#f - ft/# mole - °R  846.8 kg-M/kg mole - °K
T = Absolute Gas Temperature °R °K
MW = Gas Molecular Weight #/# mole kg/kg mole
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In observing EQ #15 previous, one can see that the sonic velocity is proportional to the square
root of the absolute temperature; note that pressure is not involved.

As an example, the sonic velocity of air at ambient conditions is —

k=1.4 MW = 28.95 T = 60°F = 520°R = 289°K = 15°C
(English) (Metric)
C= (1.4) (32.2) (1545) (520) C- (1.4) (9.81) (846.8) (289)
a 28.95 (28.95)
C = 1118 ft/sec C =340.7 M/sec
NaIM =3.281 ft &
Checks Out.

This is a very high velocity, and with throttling valves being frequently in “choked flow” condi-
tions, this is the magnitude of what must be physically considered.

There is a useful factor frequently used to evaluate gaseous service throttling valves —

(EQ #16) PRatio = P—l)
Ratio ~
P27 pps
Parameter English Units Metric Units
P, = Valve Upstream Pressure psia BarA
P, = Valve Downstream Pressure psia BarA
Pratic = Valve Pressure Ratio dimensionless dimensionless

The first pass “rule of thumb” estimate gives —

Pratio < 20 » “Non-choked Flow”
Pratio > 2.0 » “Choked Flow”

This factor is useful because it guides one to know “when” to expect “Choked Flow”, and thus
when to expect throttling valve noise.



NOISE. Throttling valves are perceived as
“noisy” when the measured “Sound Pres-
sure Level — SPL” one meter downstream
of the valve outlet and one meter perpen-
dicular to the pipe wall exceeds 85 dBA.
The perceived noise is actually the vibra-
tion of the pipe itself, much as a tuning
fork vibrates. The pressure waves origi-
nate from the vena contracta zone of the
throttling valve. Obviously, if the pipe is
vibrating, then so are the throttling valve
internals. There is more to a throttling
valve manufacturer attempting to limit
noise than just the human ear, the level of
internal vibration is also being reduced in
order to —

* reduce stem guide wear.

* reduce fatigue effects.

* increase soft seat life.

* reduce packing leaks.

* reduce diaphragm failures.

Driving
Force

fp =Peak
Frequency
of Fluid

SPLp

SPLpi— TLpipe wall = SPLpo

FUNDAMENTALS OF VALVE
DOWNSTREAM PIPE NOISE PREDICTION

“Sound”

(@ ) s,

TUNING
FORK

fo = Pipe Vibrating at Inside Surface at First
“Coinciding” frequency of fluid, fp.

SPLpo = “Noise Level” (dBA)

SPL =Sound Pressure Level

TL =Transmission Loss thru Pipe Wall
pi  =inside pipe

po =outside pipe

fr= Pipe Vibrating at
Outside Surface

TLpipe wall is a function of —

a. pipe material (steel vs. fiberglass)
b. wall thickness

c. fp —fluid generated peak frequency
d. fr— external pipe ring frequency

e. fo —first pipe coincidence frequency

Note: If fp = fr = fo, “noise” level is at worst, as destructive wave

interference is maximized!

LOW NOISE TRIM. Calculation of throttling valve noise for gaseous service is a very complex
issue. This book will only “touch the surface” of this topic. (Readers who are interested in a
more detailed discussion of throttling valve noise control principles should request “TAT-001"

Globe Yalve with 2-Stage
Low Noise Trim (Cage)

flatten each multi

Mmer 1st STAGE

Remove the cage, cut longitudinally,
-orifice ring, and
here is what you have ----

Ring.  2nd STAGE

00o0eeO0Q00 00000

0000 0000000000

Mg = ¥Yariable; function
of % OPEN

.,

Ny = Fixed; not a function
of % OPEN

THE S4ME

Eccentric Plug (Rotary Globe)
with 2-Stage Low Noise Trim

FUNDAMENTALL Y

1st STAGiJ
Se

[eNeReNoNoNeNe)
[eNeRsNeNeRoNeRe)

Ny = Variable; function
of % OPEN

FUNDAMENTALLY
THE SAMNE

umd STAGE

of % OPEN
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directly from the Cashco
factory.) Basically, throttling
valve gaseous noise is con-
trolled much as liquid cavita-
tion is controlled by —

* staging pressure drop.

 controlling noise fre-
guency bands by control-
ling velocity.

 using multiple orifices.

 using multiple paths.

Drag-type valves are also
utilized for severe noise
applications, and use pas-
sages that increase in cross-
sectional area as flow
“snakes” its way through the
disc stack.



dB PLATES. A “dB Plate” is essentially a MOP as discussed on page 20, with the main differ-
ence being that multiple plates can be used to introduce additional AP stages. As flow de-
creases, the APstg decreases in a “square root” relationship, such that this type of device

becomes less effective

because the variable
2-STAGE dB PLATE e
P orifice(s) 1st stage
1. \_22 throttling valve must
Cond. Vi Cond. increase its proportion-
@g -+ | - () ate share of overall
D ) AP+1q» @S the fixed
7 s | orifices dB plates de-
AP, AN Am crease in their propor-
<1 < tionate share of overall
& AP,y Such devices
B have a practical 4:1
kS turndown in flow rate to
AP,=P—P,= AP+ AP, + AP, remain effective.
Example :
AProtal Max Flow AP, AP, AP,
217.5 psid 100% — High 72.5 psid 87 psid 58 psid
(15 BarD) (5 BarD) (6 BarD) (4 BarD)
217.5 psid 50% — Medium 181.2 psid 21.8 psid 14.5 psid
(15 BarD) (12.5 BarD) 1.5 BarD) (1 BarD)
217.5 psid 25% — Low 208.5 psid 5.4 psid 3.6 psid
(15 BarD) (14.4 BarD) (0.38 BarD) (0.25 BarD)

As one can observe, it is VERY IMPORTANT to know both maximum AND minimum conditions
to properly size and select dB plates, because the AP's shift around as flow changes.

VENA CONTRACTA. Because gaseous flow is decompressing on AP through a throttling
valve, the internally formed vena contracta takes on some significantly “different” shapes until
the vena contracta completely loses it presence at high velocities. To control noise in a throt-
tling valve, we want to keep the formed vena contracta present to the highest degree possible.
The most recent ISA recommendations for controlling throttling valve noise use five different
“regimes” to classify and describe each stage of AP through a throttling valve.




NOISE AND REGIMES

There are several contributors when a high noise level is generated in a throttling valve. The
most obvious root causes are:

High flow rate.

High pressure drop.
Low outlet pressure.
Basic valve type.

Any one of the above can be sufficient to generate excessive noise alone. When two or more
are together, one can expect up front that a noise level may be high (dBA > 85) or low
(dBA < 85).

The following “rules-of-thumb” can be used as a tip-off to expect a noisy “throttling” application
when the flow required is at Cv > 20:

High Flow Rate. When the inlet pipe is 3" or 4" size, the flow carried is sufficiently high
to probably cause high noise level with one other of the causes present also. A 6" inlet
pipe alone can carry sufficient flow to cause high noise primarily due to the mass flow
rate alone.

High flow rates tend to generate broader frequency bands, including lower noise
frequency levels which are difficult for the pipe wall to “absorb” (i.e. “alternate”).

If the C,, Required is greater than C,, = 50, start expecting high noise level. If the C,,
Required is greater than C,, = 100, the noise level will more than likely be high.

High Pressure Drop. If the AP okeq iS just reached and the flow is barely choked,
noise level will likely be high. If the AP 5,4 IS greater than AP pokeq bY 15% or
greater, the noise level will likely be high.

An approximation of AP~ qkeq Can be as follows:
APchoked = P1(absolute)/2.
High pressure drops tend to generate higher noise frequency levels.
Low Outlet Pressure. When the outlet pressure is P2 < 25 psig (1.7 Barg), the outlet
density is relatively low, increasing the possibility of a high velocity, which in turn will

generate high noise levels. This consideration alone will almost always cause a high
noise level to be developed if the APpokeq > 65 psid (4.5 Bard).

Low outlet pressures tend to generate lower noise frequency levels.
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« A better indicator of expected noise is a combination of pressure drop and outlet pres-
sure as follows:

(EQ #16 P1

Repeated) = Pressure Ratio

P2 Abs

When the Praiio €xceeds 2.3 — 2.7 and there is Cv > 20, noise levels will likely be
high (dBA > 85) without the use of noise attenuating trim.

e Basic Valve Type. Different valve types with their different internal flow passage geom-
etries will affect the noise levels generated. In general, the F|_ factors below can be
used as a guide.

VALVE TYPE F_. FACTOR RELATIVE NOISE LEVEL *
Globe 0.9 lowest
Eccentric plug - FTO 0.85
Eccentric plug - FTC 0.68
Butterfly 0.65
Ball 0.45 highest

* For same flow conditions.

Again in general, globe or FTO eccentric plug (rotary globe) valves are less noisy
than a butterfly or ball valve.

REGIMES.

The new terminology concerning “Noise Regimes” definitions are as follows:

Regime | — Flow is subsonic and the P2 outlet pressure exhibits a high recovery (recom-
pression) level; i.e. well formed, classical vena contracta. No “shock cells” formed.

P1

P2

Pressure
Recovery Zone

Pressure

Pvc

Time / Distance

High noise levels would not be expected, except at higher flow rates.




Regime Il — Flow is sonic and slightly beyond. “Shock cells” (barriers) develop but do not
interact. P2 outlet pressure exhibits some pressure recovery, but lower recovery as upper
limit of regime is approached.

Regime lll — Flow is beyond sonic and

Near Lower Near Upper
Limit of Limit of

Regime I Regime Il

L n » £
T o o ©
oo O O
X & X X
O O [} [5
o O o ]
£ c < <

Pl

@ Sonic

Pressure

@ Sonic l‘vg = —
Velocity A —
I — N —— 1 ] 1]

3 Pvc [} Recovery _"'_"'l.?-|IL o W —

~ Zone 7

Pvc | Recovery e e —

i - I

Il

Zone

Time / Distance

the inefficiency is such that no pressure recovery takes place. There is no clearly formed
vena contracta point in the valve. There is a “strung-out”, continuous pressure drop through
the valve as flow traverses. Shock cells significantly interact.

Quivering
Shock Cells

P1

@ Sonic
Velocity

Pressure

P2

Time / Distance

Mach Disc
Mach Disc

Regime IV — The individually formed
shock cells merge together to form a
single “Mach Disc”. The pressure
gradient curve is similar to Regime Il
above. A “jump” upwards in the noise
level occurs after passing from Regime
lll to Regime IV.
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Regime V — In this regime the flow reaches “constant acoustical efficiency”. When in Re-
gime V, if the P2 outlet pressure is lowered, the noise level remains constant; this would
not be true in any of Regimes | through IV.

REDUCING NOISE. To reduce noise generation in a throttling valve is best accomplished by
controlling the internal velocities to be “sonic” but not “too much sonic”. This keeps the gener-
ated frequencies high enough for the downstream pipe wall to attenuate. This is essentially the
methodology of most of the different
types of noise attenuating trim de-
signs. p1

@ Maximum Pl

@ Minimum

The secret is to keep the throttling
valve to 20-30% of the overall pres-
sure drop at “maximum” flow condi-
tion. As the flow rate decreases and
the throttling valve moves towards Pvc-3
closing, the control valve's variable
orifice(s) will take on a higher per-
centage of the overall pressure drop,
and the fixed orifices a lower percentage.

Pressure

P2

Time / Distance

For fixed downstream orifices within a valve body, noise can be brought down to an acceptable
level at maximum conditions, but as flow decreases the valve would become noisier. A reason-
able rule-of-thumb is that at about 1/3 maximum flow rate the noise level may “re-peak” (go
from Regime Il to Regime IV) for such a trim design.

Velacity . The velocity in the outlet pipe should always be kept to Mach No. —
M < 0.30.
To exceed the above limit invalidates the calculated noise level prediction equation accuracy.

The velocity may exceed the M < 0.30 limit at the valve outlet ONLY for valves without noise
attenuating trim, but the noise prediction will be in error.

The velocity may NOT exceed the M < 0.30 limit at the valve outlet when noise attenuating
internal trim is applied. To exceed this limit invalidates the calculated noise level prediction
equation accuracy.

VELOCITY CONSIDERATIONS ARE VERY IMPORTANT IN GASEOUS SERVICE!




The following “limits” are recommended:

GAS VELOCITY LIMITS — Mach No.

Location Recommended Maximum Limitations
Inlet Pipe <0.15 <0.225 No noise
Valve Body <0.50 <0.75 attenuation
Outlet Pipe * <0.30 <0.45 trim applied
Inlet Pipe <0.15 <0.225 With noise
Valve Body <0.225 <0.30 attenuation
Outlet Pipe * <0.225 <0.30 trim applied

* After any pipe reducers.

OPTIONAL CONSTRUCTION. Generally speaking, gaseous service presents few problems
other than noise in throttling service for either control valves or regulators. It is only when the
fluid polymerizes, when solids (particulates) are in the flow stream or when liquids in a small
percentage (2-phase flow) are present, that special considerations are necessary.

Stellited seating surfaces are seldom required for gaseous service.
If the fluid is “sour gas”, the presence of H,S requires that the “NACE Construction be selected.

If temperatures are sustained at temperature levels T, > 450°F (230°C), live-loaded, high
temperature packing or thermal radiation columns should be considered.

STEAM

FLOW DESCRIPTION. Steam is a common case of a gas. Thus, most of the principles of
steam flow are the same as those for gaseous flow. The main differences are primarily due to
the fact that the degree of expansion for steam is normally higher than other gases when going
through the same level of pressure drop. This means that velocity limitations come up more
frequently for steam than most gases.

There is a wealth of experience with steam, and this experience has come up with lower rec-
ommended pipe velocities for steam than other gases; this is due to the steam being “satu-
rated” in many cases, and thus condensate (2-phase flow) will be present. When this is all put
together, the end result is:

* more “noisy” throttling valves

* larger valve body sizes

e larger inlet and outlet pipe sizes.

NOISE & REGIMES. The principles for steam are the same as a gas as previously described.
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VELOCITY. The velocity in the outlet pipe should always be kept to Mach Number —
M <0.30
To exceed the above limit invalidates the calculated noise level prediction equation accuracy.

The velocity may exceed the M < 0.30 limit at the valve outlet ONLY for valves without noise
attenuating trim.

The velocity may NOT exceed the M < 0.30 limit at the valve outlet when noise attenuating
internal trim is applied. To exceed this limit invalidates the calculated noise level prediction

equation accuracy.

VELOCITY CONSIDERATIONS ARE VERY IMPORTANT IN STEAM SERVICE!

The following “limits” are recommended:

SATURATED @ INLET, SUPERHEATED @ OUTLET
— VELOCITY LIMITS - Mach No.

Location Recommended Maximum Limitations
Inlet Pipe <0.125 <0.225 No noise
Valve Body <0.225 <0.40 attenuation
Qutlet Pipe * <0.20 <0.30 trim applied
Inlet Pipe <0.10 <0.20 With noise
Valve Body <0.20 <0.30 attenuation
Outlet Pipe * <0.20 <0.30 trim applied

* After any pipe reducers.

SUPER HEATED @ INLET, SUPERHEATED @ OUTLET

— VELOCITY LIMITS - Mach No.

Location Recommended Maximum Limitations
Inlet Pipe 0.175 <0.25 No noise
Valve Body 0.25 <0.40 attenuation
Outlet Pipe * 0.20 <0.30 trim applied
Inlet Pipe 0.15 <.225 With noise
Valve Body 0.225 <0.30 attenuation
Outlet Pipe * 0.20 <0.30 trim applied

* After any pipe reducers

SATURATED OR SUPERHEATED @ INLET, FLASHING @ OUTLET
—VELOCITY LIMITS — Mach No.

Location Recommended Maximum Limitations

Inlet Pipe <0.05 <0.10 No noise
Valve Body <0.075 <0.125 attenuation
QOutlet Pipe * <0.075 <0.125 trim applied

Inlet Pipe <0.05 <0.10 With noise
Valve Body <0.075 <0.125 attenuation
Outlet Pipe * <0.075 <0.125 trim applied

* After any pipe reducers

-37-




OPTIONAL CONSTRUCTION. Generally speaking, steam service presents few problems in
throttling service for either control valves or regulators other than noise. Most problems for
steam are caused by improper piping arrangements and inadequate/faulty steam trapping at
inlet or outlet.

TP SATURATED STEAM PIRPING

When pressure drops exceed 150 psid

(10 BarD), consideration should be -

given to using hardened trim; i.e. mod- D < D

els with stellite or hardened 416 SST. in out O™

R B .. MAMNUAL BYPASS
use stellited or hardened trim. This is
severe service. m

| - — — —1
I - +

N.C

ISOLATION

TFE soft seats/seals are of marginal
effectiveness in steam service. Re-
sults can be disappointing as to good
shutoff. They should be limited to inlet
pressures less than 150 psig

(10.3 Barg). Metal seated designs for ,J\|_|_|/\H_
all steam services are recommended. CONTROL

VALVE
PR RAP TRAPETTKE
It is recommended to use stellited trim jz_/
D

on applications for steam service TO COND
where — RETURN SYSTEM

Dm out "
If steam is flashing at the outlet, always t
_|_

ISOLATION

DI/H-(I
o
rul
>
=

* AP > 200 psid (14 BarD) and saturated.
e AP > 150 psid (10 BarD) and superheated.
* Where valve is in “closed” position for extended time.

When steam pressure is greater than 500 psig (34.5 Barg) and “saturated”, trim should be
stellited.

If temperatures at outlet are sustained at temperature levels T, > 450°F (230°C), live-loaded,
high temperature packing or thermal radiation columns should be considered.

For steam systems it is mandatory that steam traps be located directly before the inlet to the
control valve, particularly if the steam is supposed to be “saturated”. Any condensate (liquid)
entrained in the flow stream at the inlet will cause accelerated trim wear due to erosion.
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GASEOUS SIZING EQUATIONS

CHOKED VS. NON-CHOKED. The first step to gaseous throttling valve sizing is to determine
whether the flow is “choked” (i.e. “critical” or “sonic”) at the main orifice, or “non-choked” (i.e.
“sub-critical” or “sub-sonic” at same. As pipe reducers are almost always included on both the
upstream and downstream of most throttling valves, the gaseous equations include the “pipe
reducer effects”.

The following preliminary calculations and then tests are applied to determine the flow descrip-
tion at the throttling valve’s main orifice and to determine the proper factors involved —

k
Fo= ——
K™ 1.40

_ JE 2
Xy =Vgp*FL

where: V¢ varies as to valve type.

Valve Type Ve
Globe - Single Port .85
Eccentric Plug .84
Butterfly .82
Ball .81
Globe - Double Port .83

NOTE: See page 44 for determining X;p

AP _ (P1-Py)
Py Py

X =

X
(EQ #17) Y_l_[g.pk.x_rp:l

With Limit: 2/3<Y<1.0

and

Limit: Xy1ax = Fi ® X1p

(Use “lesser value” of X or X, in above EQ #17.)

When “Y” reaches its minimum value of 2/3 (0.67), the flow is described as “Choked Flow”. If
“Y” is greater than 2/3 (0.67), the flow is described as “Non-Choked Flow”.




Parameter

Pat

max

Specific Heat Ratio

Specific Heat Ratio Factor
Pressure Drop Ratio

Pressure Drop Ratio Factor
Combined Reducers/Pressure
Drop Ratio Factor

Liquid Pressure Recovery Factor
Valve Geometry Factor
Upstream Pressure Absolute
Downstream Pressure Absolute
Sizing Pressure Drop
Expansion Factor

Choking Limit Factor

STD. VOLUMETRIC FLOW BASIS.

English Units

Metric Units

dimensionless
dimensionless
dimensionless
dimensionless

dimensionless

dimensionless
dimensionless

psia

psia

psid
dimensionless
dimensionless

dimensionless
dimensionless
dimensionless
dimensionless

dimensionless

dimensionless

dimensionless
BarA
BarA
BarD

dimensionless

dimensionless

c oz Q (WEER RN
EQ #18 vV~ —
(EQ ) N,eFpeP oY X
_ Q \/MW Ti0Zy
EQ #19 Cy= —
(EQ #19) Ng*FpePyeY X
Parameter English Units Metric Units

English Valve Sizing Coefficient

MSC - Standard Volumetric Flow Rate
STP - Normal Volumetric Flow Rate

Compressibility Factor

Gas Specific Gravity
Molecular Weight

Absolute Temperature
Upstream Pressure Absolute

Expansion Factor

-40-

dimensionless
SCFH
dimensionless
dimensionless
#/# mole
°R
psia
dimensionless

dimensionless
SMS3/Hr
NMS3/HR
dimensionless
dimensionless
kg/kg mole
°K
BarA
dimensionless



Parameter (Cont.)

*
Non

Piping Geometry Factor
Units Correlation Constant
Units Correlation Constant

= Units Correlation Constant
= Units Correlation Constant

* Use Ny or Ngy in conjunction with QN.
(NOTE: See page 45 for clarification of “STP—Normal” or “MSC-Standard” standard
conditions.)

English Units

Metric Units

dimensionless
1360 dimensionless
7320 dimensionless

dimensionless
416 dimensionless
2245 dimensionless
393 dimensionless
2121 dimensionless

MASS FLOW BASIS.

o= m 1
EQ #20 v~ 7
(EQ ) NgeFeY ’\/)(.pl.y1
m T,Z
EQ #21 Cy = L 1
(EQ#21) v NS-Fp-Pl-Y\X-MW
(EQ #22) Cy = m \ T1°%
NigeFpePpeY | XSG
Parameter English Units Metric Units
Mass Flow Rate #/Hr Kg/Hr
English Valve Sizing Coefficient dimensionless dimensionless
Molecular Weight #/# mole kg/kg mole

Gas Specific Gravity
Compressibility Factor
Pressure Drop Ratio
Expansion Factor

Upstream Pressure Absolute
Absolute Temperature
Piping Geometry Factor

Actual Density @ Upstream Cond.

Units Correlation Constant
Units Correlation Constant
Units Correlation Constant

dimensionless
dimensionless
dimensionless
dimensionless
psia
°R
dimensionless
#/ft3
63.3 dimensionless
19.3 dimensionless
104 dimensionless

dimensionless
dimensionless
dimensionless
dimensionless
BarA
°K
dimensionless
kg/M3
27.3 dimensionless
94.8 dimensionless
510 dimensionless



STEAM. As steam is a vapor/gas that does not exist as a fluid within piping systems at stan-
dard conditions of pressure and temperature, Equation #20 is utilized using actual density —
Yactual @nd mass flow basis. As this equation is based on “actual non-volumetric” conditions,
there is no Compressibility Factor — Z; required to correct for deviation from the ideal gas laws.
Should Equations #21 or #22 be utilized, these are based on the ideal gas laws, so Compress-
ibility Factor — Z, is required as an input.

MISCELLANEOUS —
PIPE REDUCERS CORRECTION FACTORS

TRIAL AND ERROR SOLUTION. A close look at EQ’s #23 and #24 show that both “C,” and
“d,\/" are included in the formulas correcting for pipe reducer effects. Since determining “C,,
and then “d,,” is the ultimate purpose of the sizing equations, it should be obvious that the only
possible method of a sizing calculation must be done iteratively — repeat trial and error calcu-
lations.

LIQUIDS AND GASES.

. 2
(EQ #23) = 2KCS

4
P Ny« dy,

- 4T
K,=05 |1 —
2
d,2 ]2
K,=1.0|1- -2
2
| D2l
- T
Kgp = 1-| —
_D1p
- 4
Kgp= 1-[ =2
| Dop

NOTE: Both the inlet and outlet pipe reducer effects are involved.
If reducers are the same size for inlet and outlet, Kg; = Kg,
then the terms cancel out.
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Parameter English Units

Metric Units

Fp = Piping Geometry Factor dimensionless dimensionless
YK = Combined Head Loss Coefficient dimensionless dimensionless
C, = English Valve Sizing Coefficient dimensionless dimensionless
N, = Units Correlation Constant 890 dimensionless  0.00214 dimensionless
d;y = Valve Inlet Body Size in. mm
d,, = Valve Outlet Body Size in. mm
Dip = Inlet Pipe Size (before reducer) in. mm
D,p = Outlet Pipe Size (after reducer) in. mm
K, = Inlet Resistance Coefficient dimensionless dimensionless
K, = Outlet Resistance Coefficient dimensionless dimensionless
Kig = Inlet Bernoulli Coefficient dimensionless dimensionless
K,g = Outlet Bernoulli Coefficient dimensionless dimensionless
LIQUIDS.
zKi . FL2 «C.2 -1/2
(EQ #24) Flo,= F_ [ 7 Y— 41
i Ny« dyy
Where:  YKi=K,; +Kpg;
d,.2 |2
Ky, =05 [ - 1"2]
D
1P
d 4
Kgr= 1- [ = :I
D1p
NOTE: Only the inlet pipe reducer effect is involved.
Parameter English Units Metric Units
F. = Liquid Pressure Recovery Factor dimensionless dimensionless
F.p = Combined Reducers/Liquid dimensionless dimensionless
Pressure Recovery Factor

>Ki = Combined Inlet Head Loss Coefficient ~ dimensionless dimensionless
C, = English Valve Sizing Coefficient dimensionless dimensionless
N, = Units Correlation Constant 890 dimensionless  0.00214 dimensionless



Parameter (Cont.) English Units Metric Units

d;y = Valve Inlet Body Size in. mm
D,p = Inlet Pipe Size (before reducer) in. mm
K; = Inlet Resistance Coefficient dimensionless dimensionless
Kgy = Inlet Bernoulli Coefficient dimensionless dimensionless
GASES. _
X: | Xy 3KisC,? -1
(EQ #25) Xip = 5 +1
I:p N5 * Cllv
Where: Ki=K; +K;g
d..2 |2
K,=0.5 [ S :I
D 2
1P
d 4
Kgp= 1+ [ - :I
D1p
NOTE Both the inlet and outlet pipe reducer effects are involved
through Fp.
Parameter English Units Metric Units
Xip = Combined Reducers / Pressure dimensionless dimensionless
Drop Ratio Factor
Xt = Pressure Drop Ratio Factor dimensionless dimensionless
>Ki = Combined Inlet Head Loss Coefficient  dimensionless dimensionless
C, = English Valve Sizing Coefficient dimensionless dimensionless
Fp = Piping Geometry Factor dimensionless dimensionless
Ng = Units Correlation Constant 1000 dimensionless 0.00241 dimensionless
d;y = Valve Inlet Body Size in. mm
D,p = Inlet Pipe Size (before reducer) in. mm
K; = Inlet Resistance Coefficient dimensionless dimensionless
Kg1 = Inlet Bernoulli Coefficient dimensionless dimensionless
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STANDARD CONDITIONS FOR GASES IDEAL GAS vs. REALITY—

ENGLISH METRIC Use of the ideal gas law is extensive in the process industry with a correction factor
to adjust for the “ideal vs. real” conditions. This correction factor is known as —
Std. Temp. = 6T “MSC” — Metric Std. Conditions
Std. Pressure = 14.7 psia Std. Temp. = 18T Z - the “compressibility factor”

Std. Pressure = 1 Atm

“STP” — Std. Temp. & Pressure Combined Ideal Combined Real
Gas Law Gas Law
or
“N” = Normal P,V PV P,V.
Pi_ BY ZX % =2, X ?I_—Z
Std. Temp = €C T, 1 2
Std. Pressure = 1 Atm
PV=nRT PV=ZnRT
Normal’ Metric Volume ‘Standard Metric Volume PV=mRT PV=7mRT
NMS /Hr SM3/Hr M3/Hr
N lit/min S lit/min lit/min

If the flow rate does not indicate as “N” or an “S”,assume that it means
“standard” metric volume.

SPECIFIC GRAVITY — DENSITY — MOLECULAR WEIGHT

VOLUMETRIC FLOW <15 conpimions
VS.
MASS FLOW—GAS

P OR Y (rho or gamma are used as density terms)

pSTD=_Mw SG gas = fiuid
V molar P air
ENGLISH METRIC - STP f_’_{fh_’ﬁ 5_’_‘;; ——
- - aP ap
P air = 07622 #f PsTD P air = 1.2924 kg/fh Psre _ . . .
Qif =15000SCFH  Qpe =77 mye =5000 #hr Mg =5000 #hr
V molar = 379.8 f /# mole V molar = 22.40 @ /kg - mole _ , . . .
@ 60F & 14.7 psia (1 ATM) @ 0C &1 ATM Qim =430 SM=/hr Qam=7?? My = 2500 kgt My = 2500 kgrhr

SG = 13.120 x PFluid SG = .7738 yDFuid By the “law of conservation of mass” we know thaf, =mgy , as a valve does

not “store” any mass, and most processes experiesteady-state, steady flow”

MW = 379.8 xPsT MW = 22.40 xpswl conditions. A gaseousass flow rate represents aactual flow rate”.

MW = 28.95 x SGTP. When gaseous flow is expressed asmiu‘met_ric flow rate_ @ standard conditions”
— SCFH, SCFM, NM /Hr, SM /Hr, etc., this flow rate isfigtious” flow rate

that could not occur if a pressure drop takes place. Standard volumetric flow rates
METRIC - MSC are used for ease of mathematical manipulation and application todimbdihed
ideal gas law” and theJasic equation of state”.

MW = 28.95 x SGsTD.

Pair=12225kg /M Pwmsc

V molar = 23.68 m /kg - mole @ 15C&1AT™ Ql abovemust be equal to ® , for the above. Itis a convenient way to calculate
moar= £ with a basisof @, =@t . Thus, boththg Q apgiQ fiatieds”. Any

“actual” calculation — such as a velocity calculation — would have to be

SG = 8180 YFiuid converted t0 @, aorual  OTddtactual 1o do correctly. To calculate a velocity

directly from SCFH or NM /Hr would be a waste of time as it would be

MW = 23.68 xPMsc meaningless.
MW = 28.95 x SGusc|
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IDEAL GAS LAWS —

Introducing molar principles allows for manyvarying forms to be made of the Combined Gas Law” —

P — absolute Pressure T — absolute temperature v’ — specific volume
\% — volume MW  — molecular weight V - molar volume
n — no. of moles m — mass v’ — molar specific volume
R — molar (universal) gas constant o] — density Z — compressibility
T — absolute temperature SG — specific gravity
MOLAR PRINCIPLE 1 | 1 mole of gas has a mass of 1 MW MOLAR PRINCIPLE 4 (Cont.)

Example — Nitogen gas; exists as a molecue in the fogm N

MW =2 x 14 = 28 # / #mole

1#mole N - 28 # m R= (14.70 #ffirf) (379.8 fB/#mole) (144 iA/ft2)
1 gm-mole § = 28 gm n="mw (60 + 460JR
1 kg-mole N, = 28 kg
0.08206 it
MOLAR PRINCIPLE 2 | 1 mole of gas occupies 1 molar volume gt _ / gm-moleN; K
standard conditions of pressure and temperature. R - 1545 #eft | 0.08206 atm -
. ) #mole «° R kg-mole <K
1#mole occupies 379.8%t @ P=14.7 psia & T=6FF \ BarA « M3
1#mole occupies 359.3%t @ P=14.7 psia & T=3F 0.08317 Kg-mole <K

1#mole  occupies 393.4%ft @ P=30"Hg & T = 80F

“N” — “NORMAL” CONDITIONS - METRIC STP (Basic Equation of State )

1 gm-mole occupies 22.40 Nelit @ P =1 atm & T°€

1 kg-mole occupies 22.40 Nn@ P=1atm & T=1C Knowing these parameter relationships —
p=1V V=V V=mip
“S” — "METRIC “STD” CONDITIONS - METRIC MSC - VooV
R = RIMW =V MW p=m\v
1 gm-mole occupies 23.68 Selit @ P = 1 atm & T 245 V=mV n = m/MW

1 kg-mole occupies 23.68 SN@ P=1 atm & T = 1%

rearranging and substituting, the following equations can be developed —

- RT R
MOLAR PRINCIPLE3 |  Gas density (SGlg also) isreadily PV=mRT] | P=T7 P= PpF:ATW
available if the MW of the gas is known. P =S
P=&r PV’ = RT p-—RL_
MW Vmolar Ve Mw
Psia= v Vot = MW = RT _PeMw
molar =7p pP= —F{T
RT
P =pRT =
SG = pgas MWgas ymolar v P« MW
pair std B MWoir Vmolar
MW 5 where MW, = 28.95# / #mole | MOLAR PRINCIPLE 5 | For a “balanced” chemical reaction
SG = 58795 = 28.95 kg / kg-mole formula, the expressed “céiefents” are in “moles”.
= 28.95 gm/gm-mole coefficient

=

Example - 2CO + Qo —> 2Co,

| MOLAR PRINCIPLE 4 | There is a “universal gas constant - R’
that is a function of the absolute pressure (P), molar volime (_ ), and 2moles Imole 2moles
absolute temperature (T) that gives a “molar look” to the combined gas Jaw of carbon  + of yields  of carbon
monoxide oxygen monoxide
(Combined Gas Law)
PV = Py Vstd) MOLAR PRINCIPLE 6 For a “balanced” chemical reaction
T Tstg Std. Conditions formula, the expressed “cdiefents” canbe in “volumes” ONV if the

“after reaction” pressures and temperatures are brought to the same level.

Pv _Patg X VX T = (_P) X [N*Vioad X T
Std

std T NOTES: As most chemical reactions are exothermic or endothermic, this

approach is seldom used.

where, V=n¥_ .

This principle is valid because 1 mole of gas does occupy 1

Psig® V. _ . iti
std” “molar = constant with a “mass” component = R molar volume at standard conditions.

Tstd

-46-



000 01
o0o0g
0009
000

auoz

alnOIN — ALIDOT3A™® 3ZIS 3dId ONININYALIA Buizis uonou

adid 14 00T / O¢H 14
02T = D - adid Jo 14 00T 438d peaH Jo SSO07 — YOLIOV4d NOILDIYH

Buidid uowwod

-47-



ooo'ol
0008

0009

oo0s

000#

00DE

oon

diNOIM - ALIDO13A® 3ZIS 3did ONININYILIA — J1dL3AN

0T =9SO dH W — 31Lvd MOTd

auoz
Buizis uonoli4
Buidid uowwo)

ooo'ol

ooog
o009
o0os
o0o¥
oooE

onoZ

0T =9S ® dHjg N — 31Lvd MOTd

1o

ool

adid N 00T / OTHW
02T = O - adid s1918N 00T J@d pedH Jo ss07 - YOLOV4 NOILDIYS

-48-



Buiyselj ON ‘Uol TRUARD ON &

‘0Z=AD D
‘'saul| lenuauodxa

[euobeip ay) bunejodiaul Ag suiwialag ‘q
'sixe-A uo pisd 00T ®@ Puissolo

[nun premdn Ajjeantan ob ‘sixe-x uo NdS 002 @ ‘e

pisd 00T - dV
Bisd 00T = 2d
Bisd 00z = Td
NdD 00Z =0 :8|dwex3

* ONIZIHOdVA-NON — d010V4 AD ONININYG3LIA — HSITONS

SIZING AP - psid

2888388 B 3. .u.. , 0I=OSO®NdOSN-SILvdMOTS
o2 29 2 2 [=] o0 Q9o Q2 2 2 2% A ] -
o2 Q2 2 =] o0 Q90 Q2 2 2 o2 Q0 Q 2 [=] S0 & A ] -
o2 o0 Qo 2 = o0 Q0o Q Q =] o0 Q0 Q Q = o0 o0 Q Q = oW S W ]
1
z
. // // // // //
. i i i i i
c Fi F i Fi Fa
a Fi Fi Fi i Fi il Fi Fi Fi i Fi
Fi Pl Fi Pl Fi Pl Fi Pl Fi Pl Fi
s 7 777 7 7 777 7 77 7 777 7 i
ol __.... ._..__. ...... ._..__. ...... ._..__. ...... ._..__. ...... ._..__. ....._ ._..__. __.... ._..__. ...... ._..__. ...... ...... i
% ) i Fi
S S & N A
Q & S
U / / / /
AL S rsinvissesinnse s L0707 WAL
o L LAY/ TNV A FIraA A Nirayain i ard yiravainni iV
O T A7 47 7 77 77 47 T A7 47 T A7
09 FAra AN i i A7 Fi A AT 7 7
F I i F i i F i i F I F I i i
o8 Hmm@ L ....___ .__..__. ......n .__..__. ._..___ .__..__. h_..__. K L ....___ .__..__. .__..__. .__..__. K L ....___ .__..__. ......n i K L ._..___ .__..__. .__..__. h_..__. L .__..__. i
==_|00_0_9 ab PN i 7 ARG O W - 7 \ NP ¥ o 7
N A - J ® ol fla QO Q . X Q
SISSIS| /SISUSS || LIPS A el 1Pl A S|y S5 |9
00z He il . N i i Fi Ao Fi . :
// // // // //
aos /7 /7 /7 /7 /7
ooy 1477 17277 1477 1477 T 1T A7 7 77
a0 777 777 7Y 77 777 7y 77 7
I 7/ i A i I 7/ i A Fili
003 7 F A A P2 A A 7 P2 A 7 P2 A 7 A A A 7 F.Ad
o001l 7 .__.__. ._..__. ._..__. ...... i ._..__. ._..__. ._..__. ...... i ._..__. ._..__. ._..__. ...... n .__.__. i ...... i ._..__. ._..__. ._..__. ._..__. K
SE3fif 2 SEISES G 3SBSEE 5 gsesasy s-oUtt N Sgogeg
..DD 228 = = DD oo Qo Q =] =
mu =49 9 Q = =

0'T=9S ©® NdD SN - S3LVY MO14

3]

oW wun T+ M

0E

oF
115
o9
o8
ool

pisd - 4V ONIZIS

00z

00E

L)
o0s
o009
o008
oool

-49-



SIZING AP - BarD

Buiyseys ON ‘UoI 1eNIARD ON «

‘08=AD D
"saul| [enuauodxa

[euobeip ayr Bunejodiaiul Aq saulwiardg 'q

‘sixe-A uo gleg g @ Buissoid

|nun premdn Ajjeantan ob ‘sixe-x uo IHgNOT® e

aled0¢-dv
9leg 0'T=2¢d
9leg 0'c=1d
IH/gW 0T = O :9|dwex3

* ONIZIHOdVA-NON — d010V4d AD ONININYG3I13Ad — JIdL3N

0'T=9S ©® dHE N - STLVY MO

"R - ocooo o =
2 3 22&258 8 2 POETE - © o000 © Oo ooo o B
& S a5 &858 & & ] &8 o Cm A W N N “E oA W M

1o '} r v v

&0

7 AV RV A/

o A A4S Iy AN 4SS /

S0 4 ﬁa& ﬁm_.a&xx a ﬁmmhxa a ﬁ

o0 TV 7 V7 i A A 717

80 A A A S
1 il i il i r k il i i 1 il i

N A

] p /

) / /

: 77 77
o S / i ALY i A1
s i i

i Fi Fi Fl; 7r Fi F A i Fi

& F i

ol .‘.ﬂ m_._ h_..h_ ..h.._\___.h_ h___.h_ .ﬂ_\h_ Fi m.._..___.h_ .__.L_ .ﬂ..___.h_ 7

S S8 9&9 N I S o LS

oz / /A s

. /V, SN S SN S /

s A4 AL Iy A4S /

o Arirs i I AV Arirs AV AVl
09 i v i v i 7

PN Fi PN Fi Fi EANAF i i FANAE Fi

08 7 7 T 7 17 7 7

H-a—. £ ri ._..._. ...... 4 i ._..._. ...... ...x. A ri ._..._. ...... ...x. ri ._..._. £ i £
N IR 2g 8 oeecura n Jelesss s oo
o o =R--I-N---] e = = = L oaN s N oo o Qo
& = ] SN A

0'T=9S ©® dHE N - STLVY MO

oW wn T M

14

o¥
05
09
o8
ool

aled - dV ONIZIS

-50-



“anfeA AD ay)
auiwJelep 0} ydeib anoge sy Jajus 03"y esn g
2@&2 uonenba ay) aA0S 2

"SIUN SSBW SAIR[a) UMOUY 8y} 0] Spuodsaliod
1ey) anoqge uonenba ayeudoidde ay asooyd T

['wiv T pue g9 J0 SUORIPUOD “PIS UO paseq]
“anoqe ydeb Jejua 01 H40S 00v'62 ="""D asn

alowesy  [=] mgzw_\,_

. 'puoD 'PIS @ Wik [=] %aa

H40S 06€'6Z = |\* 000'sz = "M% HI0S =] °70
ov H40s [ M sreum

000T A _ 229.0° p _ S6'82 \_ 0
mmmow [\ mmma wmm>>_>_ >_|:ﬂ0

NOILOTHHOD MIN - OS - ALISN3A

. . wmm
mm@mm mN mmmOH>_3ch mww mWNH >_3_uMV
M/, A

H42S 000'6Z =5 ‘or ="MW :ETTdWVX3

"AD 00 SaAIB Jaindwo)
'01UOS "3'I ‘PAYOYD SI MO|H
TS "aN[eA AD paulpul 3yl pesy  ‘f
" ¥ (3U10d Ye anoqe g deis
JO aul| reuozZIoY 8y Bunoasiaul
JUN UMOP AJ[edilan aull e meip
sixe do} Buofe H4DS 000'GZ 81ed07] '€
b 01 ¢(iod

0 ©

H40S 000'Gz= O

wouy Areyuozioy aul e meiq 'z eisd 09T = dV

" € W10d Buneool sull Td eisd 58T eisdsz= 2d
ay1 bunoasialul [nun dn Ajjesntan eisdG8T = Td
aul| e melp pue pisd 09T 81207 T dIv =pinid4

¢-X3 -- ¢ ANdNVX3

_ pisd - 40Y¥A IYNSSI™d — dV

. R _%_ _M||u”u_ AIAOHD JINOS-ans
g2 8 222828 Bl Zeoouaw wi = ‘AD L1'0 SaAIB Jeindwod 9
-2} -] o0 880 O = “ o0 oo @ =] “ [=J0-- N T ] L] - .U@XOSO.COC al WO_COW|Q3w S| >>O_H_ G
& \"\ \n\ \ 2GS0 9N[eA AD pauloul syl pesy v
K RSy & N \ - Z(uiod 1e anoge g
00@ > > 2° \ dais Jo auy| [eyuozuioy ayr Bunoasiaul
o 00 o &0 P4 |nun umop Aj[edilan aull e meip
OA ) o 1 pue sixe do) Buoje H4OS 00ST 818207 '€
S OA X x V| .
& S % W6 01
008 NS “© @0 /1 “\ 0g 1 @_on_ woJj Ajjejuoziioy aul e meiq g
S NG 1 a \ t " 1(wod Bureso| aul| Td eisd
Q h\k“‘ “ oo
os \.....‘u\\\mw v 0ST 8y} Bunossisur [nun dn Ajreonian
s unt\\ﬂ“.ﬁ\mh aull e meip pue pisd GT 81e207 T
or 7 Ao
— 7 T —
5 . \MW P Al 0st o H40S00ST= O
| e 1tz | eisdgT = dv
— ool | ™ L _ _
z ! Y vt z e
3 o
m MH = ) y -..um Z ““ ol m eisd QST = Td
Lt dIv =pini4
3| oz & h. ‘QMNWNN“ 05 3
m| oot T (1133 ® -X3 -
T-X3 - T 1dINVYX3
W oo¥ 7 BN aoo1 [%2]
c| ooc 7 HTELT7| c
b L4 bS]
m - L] b0s) m
Tl ose 7l P00z !
m. oool L] Lt OOGE m
o A7) oooz o
o0o0s1 N |
000z v n\...HN““ ook
oosz: \nuM\ \.\\\
0oog vl
Uuur \\ lll\
\\ dOL0V4 AD ONININYT13d
\\ - MOT4 SNOISVYO JI1d13INNTOA
W
o b
o \
ST HE BB BRI
Eoths b b -8 228 81 8 2558588 o =] 60=14
.mm €555 & g8 885 5, © S ot 4,09 ‘0T = 9S © dIv —pnid PT=M
000" 52 Z — -
= _m_\\.\l\auxa—_u JINOS-ans =3 H40S - ALIDVdVD MOTd O FHIHM

-51-



- ‘AD 't/ saAIb Jeindwo) ‘9
. %_ﬂu% o “9IUOS 9'| 1PaYOUYD SIMOJH  °G
aulwiLlep 03 ydel m&m.ﬁwﬁ 181U8 0} oSN € -9JNS “BM[EA AD PaUIOUI o) PeaY b
"¢ 104 uoenba sy Snjos -z % (WWod 12 9noce 2 dais
"SHUN SSBW SAIR[3) UMOUD| 8} 0} SPUOdSa1I00 10 BUI| [EIUOZLIOY U BUIOBSIAIN
1ey) anoge uonenbs ajeudoidde ayy asooyd T jnun c.>>ou >__m..o_tm> aul| e melp w
; sixe doj Buofe H40S 000°GZ 81ed07 '€
. [(OSIN) wiv T 46U 01 g(Wod IH/ENS 00062 = O
pue gT,J0 SUOHPUOD "PIS JMIBIA UO pased] woyy Ajfeluoziioy aul e meid 'z aregcz= dv
“anoqe ydelb isius 03 00T ¥T uz%@ asn B3/6 seb e d Buneoo) aul| Td viegd Gz vieg1= 2d
' dlowby/fx - [=] w\kw_\,_ ay Bunoasiaul nun dn Ajjeansn viegsz= Td
68z ) JSN @ gW/BY  [=] ga aul| e MeJp pue guieg £z 918207 T dIv =pini4
THIN 00TYT = == \* 000'zT = M™% HigNS  [=] >_MU 0
v /Y HgNs [E "D ereum Z-X3 - 2 I1dWVX3
. . 6,
SOk _anboy) S6'82 4_ o0 000T p _ 262T A _ S68Z p_ PO
seB iy [ \ 0= ) — ST >_=mm0 Seiyg I\ wmma [\ seb >_:mm0
JHN 000°2T =520 ‘op =SPMIN :ETTANVXT NOILOITH0D MIN - DS - ALISNId 'AD T'€ SenB Jeinduiod 9
' ‘paYoyo-UoU 8l ‘0IU0S-gnsS SI MO|H G
| GeE-goua 3unss3d - av 26\ ‘ONEA AD PBUIDUI B PEaY h
x = * Z(Juiod ye anoge
£z st QIIOHD 2INOS-gnNs  dals Jo aul| [eluoziioy sy Bunoasiaul
RS 8 b Lo 8B TR - 1 ~o oo ofe [nun umop Ajfeatian sl e melp pue
00000 N 0000&00& S S & 8 88 oo © m S = Bx. nU A W N B mualw sixe doj BUOfe JH/EWS 00ST 818007 '€
! \\ ybu 0y
1 « /1 T @_on_ wouy Ajfeyuozioy aul e meiq ‘g
N I .
& : H ’q _ T(Juiod Buneoo aul Td vieq
S ! | h.....\.u o 09 ayr Bunoasiayul jnun dn Ajjeanian
. 1 v I | aul| & MeIp pue gleg G/ 81ed0 T
z “ h\l\\l\ Y M
-9
SR K x\\._m i 7 u\\N Ls || IHEWS 00ST = O
o “ L [ M” Z argsL= o7
5 Z W WA ke |2 viegszs= zd
al 2 i i - o Lo |7 vieg 09 = Td
8 ¥ AT - IdtZor || IV =pini
gl 7 |S
W
al = AT L Ates, |m T-X3 - T I1dNVX3
H .t A ez |
N 0z r L [l T et 22 ||
e %t oa il M- o |3
ol o2 [ [T A W Z i) \W e teez L
2 e o \\
H or 7 1H.\Wm“\k \“\
| - gl o
Z ; ‘“ ._..\...\._\\ hm\“
31 7 \\N“ T
S| oot . Bt et
|| cz1 et 1
oc1 h\mnwkﬂ.\.\\\
00z T
sz " HO10Vv4 "D ONININY3L3A
\_\ — MOT1d SNOASVYD JId.L3IN
70 V] A
b | . . 1o a4
B 5288 B 58 £82 81 B8 sE 2288 2y B e
2599825 5 Suowveo el w8888 8
Sogoo g © oo oo &, © =)
..ODDDDD =} g0 oo @ @ =
= Qo o000 Q Q Q 000°SE
° =] 1=7

: - 60="4
2,GT ‘0T = 9S ® dIV— pnid ADOT'T=M) V1=

dHE NS — ALIDVdYD MO14 - O — SEnw

-52-



" ¥ (Q0iod 1e anoge g dais
10 8ul| [euoziioy ay) Bunoasiaul
1nUN UMOp Aj[e21laA Bul| e melp %

* Z (0lod 1e anoge g dais
JO auy| [eyuoziioy ayl Bunosasiajul
|auN UMop AJ[ediluan aul| e melp

sixe doy Buofe 1H/# OpT 81ed07 ‘g 4#1€= TL sixe doy Buore JH/# 000°'Ge 81ed0T '€ 439€= Tl

b1 01 g julod H#orT= W ybu o1 1 Juiod IH/#000'G2= W

woly Ajfejuoziioy aul e meiq g eisdGz = dv wouj Ajjejuozioy aul e meiq g eisd 0TT = dV

'AD 22'T sanib saindwod  °9 " € WI0d Bunedo| aul| Td eisd zg eisd /5= ¢d "AD €'20T SaAIb Jaindwod 9 " T 110d Buneoo| aul Td eisd 66T eisd Gy = 2d
*0IUOS *9°I {PAYoYd SIMO|4 G ay) Bunoasiawi [nun dn Ajjeanian eisdzg= Td *01UOS 9| :paX0oYd SI MO[H4 'S ay1 Bunoasiaul [un dn Ajjeanian eisd GGT =  Td
ADT2A[eA AD Pauloul 8yl peay ‘Y aul| e meup pue pisd Gz oyed0 T LS 1vS =pinid RDTSA[EA AD PaUIdUI BUY) PedY 't aul| e meup pue pisd OTT 81ed207 T LS LVS =pinid

¢-X3 -- ¢ A1dNVX3 T-X3 -- T 31dAVX3

pisd - 4OY¥Q 3YNSSIHUd — dV

ANV 1S d3lvdNnlivs —adinid AIAOHD JINDS-ANS
dH/# — ALIOVAYD MOTH — W bx3] E=5]
& TN 1= 1
ST Sy 99 ¢ $v o 2888 Bzagrgly [
oz ...\\\\ x\\\\ \\\\\ \\\\\“ \.\\h\am -
g A i A A e
s og : 1 oF >
2 7 S AN / / vl S AN > |z
| ..x \\ \\ 4 \\ \\ A A 09 H
w o0 7 7 HF o
04 09 08 )
S| o 7 y AR AT 2T 2T yR R 001 X
ol » 7 yll ) yil 7 Y Pl A o 0
n| 9 7 yii 17 it e s o T o
_muL ool Fid Fi F K F/F \.\m‘..x P ' 051 C
x| oo 7 77 77 77 7oA we |2
| e 70777 L LU 7 A P 7 A P77 A osz |
=1 / A T A7 2T T A A A P T 7% 1] |z
Tl osz .\ \\ \\ \. .\ \ .\. \\ \\ \\ \.\ _.\ \ l\M._.. o0oc ®
e y; ZAN7 7 AV Vil ViV iy gl
o 1 LT
oo ._\ \ \ K\ x\ \ \. \m ._\ \N L1
7 1A/ i v i
008 / I ! AL i
1 \M\ o S \. m
\.\ Y ncJ Q “ X 0\
“ 4 o) \ }0
m S SV /
: 7S4S A E
A ) /
T — 4
CBEEEE § gESEigl: cEagi: s izasg: & |[gsesse i =
_..D au _..D_..u _..u _..D au _..D 8 EB m m“ m m o o0 o =2 =] okl
g 885838 S 8% °°% ocez [z-x3] MOTd SSYIN — WY3 LS a3 LvyNLVS
[EE] AIAOHD JINOS-ANS | 010V AD ONININYI L3d- HSITON3

WV31lS d3lvdnlivs — dinid
dH/# — ALIDVdVYO MO14 — W

-53-



" (0lod 1e anoge g dais * Z (Wiod 1e anoqe g dals

JO aul| [eluoziloy ay) Bunossiaul JO dul| [euoziioy ay) Bunoasiaul

|3UN UMOP AJ[edIIdA Bul| e MeIp B |3uN uMop Ajjeaiian aull e meip
sixe doj Buofe J1H/6Y 000°'GZ 8120 '€ o¥62= Tl sixe do} buofe JH/BY 00ST 81207 '€ 28/T= Tl
by o) g uod JH/BX 000'GZ = W 6 0} 1 julod IH/BY 006T= W
wouy Ajjejuoziioy aulj e meiq g aQregIr= dv wouy Ajfejuoziioy aulj e meiq ‘g aregsy= dv
'AD GevT SeAlb Jeindwod °9 " € (ulod Buneoo| sul| Td vied LT viego= zd "AD 9°GT SaAIb Jeaindwo)d ‘9 " T {Ulod Bunedol aul Td vied §'6 viegg= zd
*01UOS "'l :paYOYI SIMO|4 ‘G ay} Bunoasialul jun dn Ajjeaian vieg/T= T1d *2lUOS "9°I PAYOoYd SI MO|H ‘G oy} Bunoasialul jnun dn Ajjearan viegse= Td
"0QT2A[eA AD pauljoul 3y} pesy ‘v aull e meJp pue qJeg /T 81ed0] T LS 1VS =pini4 AQTBA[EA AD PBUIDUI BUY) pedy “t aull e melp pue gieg G 91ed0 T WLS 1vS =pini4
Z-X3 - 2 I1dNVX3 T-X3 - T 31dNVX3

ared - d0dd 3dNSs3dd — dv

[z==3] [1-x3]
_.._. m“.—__
A m “..._ dIA0HD JINOS-ans
.Q ~
000 000900@9000@ %08 000\/00( OOOVOOA OOnc OO\C 0020( S 258 B _r.Jl @ 95..m.r I 7_...4 m..v o
1 1 F e By
VS A A/ A v/ A > (B
| o m Vo A W e I O A S S V49 \w_m_
H 4 x: Y S x: Y i x: Y S x: VA S Mu . |3 E
= | oHHA Vv F A S F vy F S A F ;_x\ Loz ||T |
n| ol /| /7 Vaieeva aeez-11-a
| o1 ] ] ] ﬁ..-.x,.\;:- Ay LA ||||ar., O\ Log | (B
Py i 1 1 v A 1 \\
o| WAV A VAR A 43
B L I I ) N2 (I 17 I Pl N . I A o fF Yy
< /A e e i A
" AV LA WAV LAy WAL Ay WA | AL
| S A it
> | as 1 /
\.N \ \.N x__\_\\\ z\ \“\ \.N \o I/ ||| 01OV 5 ONINIWES13d
Y VI S / \ % ~ MOTd SSYIN
v v /| S S| A Y o m.\ L! K AVILS a3 1VaN1vsS
A /| A /| ] A /| \e_ A \\ A | |
=0 ML o N ha - L ...z“z = 0 el B b 1 - 00 L1, I | ba = A A W ] -
BESEE D il pREErEErjEery sRERE o
=2 H
g 88885 8§ 8% °° ° nﬂ.ﬁ%w ° LS JIHOHI +——=2JINOS-9NS
[z==3]

ANV31lS d31vVdN1VvS — pini4
IH/BY = ALIDVdVO MOTd — W

-54-



EV (e SLZE OIS ESHCHEN TS —
ﬁ[{?yﬂ—_fg_n—%‘fg,

A proprieiary sel of eguaiions common/y
found in throltiing valve sizing uses g Lolally
dgiftereni empirical malthemalical approazchH fo
calculate their Cg (gaseous service) and Cq
{sleam servicel factors. The O\ factor vsed is
rdeniical fo 154 rformula’s O ractor.

Below are estimale conversion faciors”™ 1o
refate the Cg and Cg factors o the more widely
gocepled O factor for AL FLUIRS AND 471 HES.

CONVERSION FACTORS :

Cv [=] Liquid C9 [=] Gas Cs[=] Steam

Cy =1.00 Cg=MF xCy | Cg=Csx20
MF = 28 -38 | Cg # 1.6 X Cy
Cg¢=33HCV

EXAMPLE : 2" (DN50) - Linear Characteristic,
Globe—-style Control Valve —

Cy= 729 —2330 s=117
2330 / 2330 /
£3°0=32.0-33  £322-19.9-20

17 161216

72.9
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