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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL-PROCESS CONTROL VALVES -

Part 2-1: Flow capacity — Sizing equations for fluid flow
under installed conditions

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organizatiq

for Standardization (ISO) in accordance Wlth conditions /determi
organizations.

2) The formal decisions or agreements of the IEC on
international consensus of opinion on the re i

3) The documents produced have the form of re

4) In order to promote international unificatidn,

5) The IEC provides no

6) Attention is dra
of patent rights. 1

International Stakda

IEC technica
The text/of this\stapdard is based on the following documents:
FDIS Report on voting
65B/347/FDIS 65B/357/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The edition of IEC 60534-2-1 cancels and replaces the first edition of both IEC 60534-2
published in 1978, and IEC 60534-2-2 published in 1980, which cover incompressible and
compressible fluid flow, respectively.

IEC 60534-2-1 covers sizing equations for both incompressible and compressible fluid flow.
Annexes A, B, C, D and E are for information only.

A bilingual version of this standard may be issued at a later date.
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INDUSTRIAL-PROCESS CONTROL VALVES -

Part 2-1: Flow capacity — Sizing equations for fluid flow
under installed conditions

1 Scope

This part of IEC 60534 includes equations for predicting the flow of compressible and
incompressible fluids through control valves.

are” encouraged to investigate the possibility of applying the most
ative documents indicated below. Members of IEC and ISO maintain

IEC 60534-1:1987, Industrial-process control valves — Part 1: Control valve terminology and
general considerations

IEC 60534-2-3:1997, Industrial-process control valves — Part 2: Flow capacity — Section 3: Test
procedures
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3 Definitions

For the purpose of this part of IEC 60534, definitions given in IEC 60534-1 apply with the
addition of the following:

3.1

valve style modifier Fy

The ratio of the hydraulic diameter of a single flow passage to the diameter of a circular
orifice, the area of which is equivalent to the sum of areas of all identical flow passages at a
given travel. It should be stated by the manufacturer as a function of travel. See annex A.

4 |nstallation

significant. A correction factor is introduced to account for thig
introduced to take account of the fluid property characteristics

Pressure h ! < Pressure
tap \ / tap
N4 '
5 5 % > d
A B
Q Co ro alve with or without attached fittings

I, = six nominal pipe‘d

— Reference pipe section for sizing
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5 Symbols
Symbol Description Unit
c Flow coefficient (K,, C,) Various (see |IEC 60534-1)
(see note 4)
(o Assumed flow coefficient for iterative purposes Various (see IEC 60534-1)
(see note 4)
d Nominal valve size mm
D Internal diameter of the piping mm
D, Internal diameter of upstream piping mm
D, Internal diameter of downstream piping mm
D, Orifice diameter
Fy Valve style modifier (see annex A) ee ndte 4)
Fe Liquid critical pressure ratio factor
F Liquid pressure recovery factor of a control valve without attached ote 4)
Fp Combined liquid pressure recovery factor and piping geometr, 1 (see note 4)
control valve with attached fittings
Fp Piping geometry factor 1
Fr Reynolds number factor 1
F, Specific heat ratio factor 1
Molecular mass of flowing fluid kg/kmol
N Numerical constants (see table 1) Various (see note 1)
p1 kPa or bar (see note 2)
[ Outlet absolute static kPa or bar
Pe Absolute thermodyna kPa or bar
J o Reduced pressurg 1
o Absolute vapour pressure™Qf kPa or bar
Ap Different ¢ kPa or bar
(p1— p2)
Q m%/h
Re, 1
T K
. K
T, 1
ts Absolutereferense temperature for standard cubic metre K
w Mass flow rate kg/h
X Ratio of pressure differential to inlet absolute pressure (Ap/py) 1
XT Pressure differential ratio factor of a control valve without attached fittings 1 (see note 4)
at choked flow
XTp Pressure differential ratio factor of a control valve with attached fittings at 1 (see note 4)
choked flow
Y Expansion factor 1
V4 Compressibility factor 1
v Kinematic viscosity m2/s (see note 3)
P Density of fluid at p; and T kg/m3
P1/po Relative density (p,/p, = 1,0 for water at 15 °C) 1
Specific heat ratio 1
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14 Velocity head loss coefficient of a reducer, expander or other fitting 1
attached to a control valve or valve trim

4 Upstream velocity head loss coefficient of fitting 1

4 Downstream velocity head loss coefficient of fitting 1

{g1 Inlet Bernoulli coefficient 1

{g2 Outlet Bernoulli coefficient 1

NOTE 1 — To determine the units for the numerical constants, dimensional analysis may be performed on the
appropriate equations using the units given in table 1.

NOTE 2 — 1 bar = 102 kPa = 10° Pa
NOTE 3 — 1 centistoke = 10-6 m2/s

NOTE 4 — These values are travel-related and should be stated by the manufacturer.

NOTE 5 — Volumetric flow rates in cubic metres per hour, identified by the symbol/Q\r
The standard cubic metre is taken at 1013,25 mbar and either 273 K or 288 K (see table

er to\stahdard sonditions.

)

6 Sizing equations for incompressible fluids

incompressible fluids. Flow coefficients may be c ed using appropriate equation
selected from the ones given below. A sizing fl ; @uco apressible fluids is given in
annex B.

6.1 Turbulent flow

The equations for the flow rate of a Newtoniar liqind
under non-choked flow ca iQn exdexived th
6.1.1 Non-choked tu

6.1.1.1 Non-c

Applicable if Ap <

ugh a control valve when operating
basic formula as given in IEC 60534-1.

attached fittings

The flow coel deteYmined by

/
C:Q _pl Po (1)
Nl Ap
NOTE 1 — The numericalconstant N, depends on the units used in the general sizing equation and the type of flow

coefficient: K, or C,,.

NOTE 2 — An example of sizing a valve with non-choked turbulent flow without attached fittings is given in annex D.

6.1.1.2 Non-choked turbulent flow with attached fittings
a . . 2
E%\pp//cable if Ap< gﬁp /Fp) (pl - K va)%

The flow coefficient shall be determined as follows:

C= Q p]./po

= 2
AN @)

NOTE — Refer to 8.1 for the piping geometry factor Fp.
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6.1.2 Choked turbulent flow

The maximum rate at which flow will pass through a control valve at choked flow conditions
shall be calculated from the following equations:

6.1.2.1 Choked turbulent flow without attached fittings

Applicable if Ap= F_*(py - = % py )]

The flow coefficient shall be determined as follows:

C= Q P1/ Py 3)
Ny R\ pL=Fe % py
NOTE - An example of sizing a valve with choked flow without attached fittings is g
6.1.2.2 Choked turbulent flow with attached fittings
O . . 2 N
%L\ppllcab/e if Ap= (FLP /Fp) (pl R x p\,)H
The following equation shall be used to calculate
(4)

through a control valve when operating
the basic formula as given in IEC 60534-1.
e equation (28)).

__Q P1/ Py (5)
N\ Dp

flow with attached fittings

For non-turbulent flow, the effect of close-coupled reducers or other flow disturbing fittings is
unknown. While there is no information on the laminar or transitional flow behaviour of control
valves installed between pipe reducers, the user of such valves is advised to utilize the
appropriate equations for line-sized valves in the calculation of the Fg factor. This should result
in conservative flow coefficients since additional turbulence created by reducers and expanders
will further delay the onset of laminar flow. Therefore, it will tend to increase the respective Fr
factor for a given valve Reynolds number.
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7 Sizing equations for compressible fluids

The equations listed below identify the relationships between flow rates, flow coefficients,
related installation factors, and pertinent service conditions for control valves handling
compressible fluids. Flow rates for compressible fluids may be encountered in either mass or
volume units and thus equations are necessary to handle both situations. Flow coefficients may
be calculated using the appropriate equations selected from the following. A sizing flow chart
for compressible fluids is given in annex B.

7.1 Turbulent flow
7.1.1 Non-choked turbulent flow

7.1.1.1 Non-choked turbulent flow without attached fittings

Applicable if x<F, xt

The flow coefficient shall be calculated using one of the follgWinge

(6)

(M

(8)

- d (9)
Ne Ry Y\/Xp1py

w nZ (10)

T Ng Ry Y\ xM

co_ @ MT, Z )
Ng Fpp1Y X

NOTE 1 — Refer to 8.1 for the piping geometry factor Fp.

NOTE 2 — An example of sizing a valve with non-choked turbulent flow with attached fittings is given in annex D.
7.1.2 Choked turbulent flow

The maximum rate at which flow will pass through a control valve at choked flow conditions
shall be calculated as follows:
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7.1.2.1 Choked turbulent flow without attached fittings

Applicable if x= F, xt

The flow coefficient shall be calculated from one of the following equations:

w

0,667 N61,Fy XT P1P1
Wz
Lt L (13)
0,667 N8 P1 Fy XT M
_ Q MT, Z (14)
0,667 Ng P1 Fy XT
7.1.2.2 Choked turbulent flow with attached fittings
Applicable if x= F, Xxp
The flow coefficient shall be determined usinggnfzgthe f IIo&in equations:
C Y (15)
(16)
(17)

Non-turbulent(

7.2

ewtonian fluid through a control valve when operating
ans are derived from the basic formula as given in IEC 60534-1.

The flow coefficient shall be calculated from one of the following equations:

c=—" L (18)
Np7 R \ Bp(pL+ p2 )M
c=—09 | M1, (19)
Nop Rz \| Ap(py+ps)

NOTE — An example of sizing a valve with small flow trim is given in annex D.
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7.2.2 Non-turbulent flow with attached fittings

For non-turbulent flow, the effect of close-coupled reducers or other flow-disturbing fittings is
unknown. While there is no information on the laminar or transitional flow behaviour of control
valves installed between pipe reducers, the user of such valves is advised to utilize the
appropriate equations for line-sized valves in the calculation of the Fg factor. This should result
in conservative flow coefficients since additional turbulence created by reducers and expanders
will further delay the onset of laminar flow. Therefore, it will tend to increase the respective Fr
factor for a given valve Reynolds number.

8 Determination of correction factors

8.1 Piping geometry factor Fp

(20)

of all of the effective velocity head loss

. The velocity head loss coefficient of the

(21)

(22)

If the inlet andNa
{1 and {» coefficien

ittings are short-length, commercially available, concentric reducers, the
ay be approximated as follows:

0 g, 20
[l
Inlet reducer: {;=05 G-090 O (23)
H B
0 g2l
Outlet reducer (expander): {=104-g—0 U (24)
j BP2UH
0 porpl
Inlet and outlet reducers of equal size: {1+{>, =15 - E_E O (25)
H P-H
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The Fp values calculated with the above { factors generally lead to the selection of valve
capacities slightly larger than required. This calculation requires iteration. Proceed by
calculating the flow coefficient C for non-choked turbulent flow.

NOTE - Choked flow equations and equations involving Fp are not applicable.
Next, establish C; as follows:
G =13C (26)

Using C; from equation (26), determine Fp from equation (20). If both ends of the valve are the
same size, Fp may instead be determined from figure 2. Then, determine if

£SC,‘
E

p

If the condition of equation (27) is not met, then repeat t
increasing C; by 30 %. This may require several iterations
equation (27) is met. An iteration method more suitable for 4

For graphical approximations of Fp, refer to figures 2;

8.2 Reynolds number factor Fg

Tests show that Fr\¢can
number calculated fromt

22 4
e g

This ca iteration. Proceed by calculating the flow coefficient C for turbulent
flow. The tyleodifier Fy converts the geometry of the orifice(s) to an equivalent
circular smgle ow passage. See table 2 for typical values and annex A for details. To meet
a deviation of £ 5% for Fq, the Fy factor shall be determined by test in accordance with

IEC 60534-2-3.
NOTE - Equations involving Fp are not applicable.

Next, establish C; as per equation (26).

Apply C; as per equation (26) and determine Fgr from equations (30) and (31) for full size trims
or equations (32) and (33) for reduced trims. In either case, using the lower of the two Fgr
values, determine if

C
—Sci 29
R (29)
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