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Cv Sizing Equations

Select valve size by calculating the required Cv (or Kv) from the service conditions,
then comparing it with the rated Cv values in this catalogue. The following commonly
used equations are presented in the source catalogue as FCI-based equations.

1. Definition of Cv
Cv is the US-gallon-per-minute flow of 60°F (15.6°C) water through a fully open
valve at a 1 psi pressure drop (about 0.07 kgf/cm?). Cv = 1.17 Kv (source convention).

2. Liquid Cv sizing equations
. . L . AP
The equations follow ideal liquid flow through an orifice: V= ’ 29 Y where

v is flow velocity, G is specific gravity and AP is the pressure drop.

(Q in m*h; AP in kPa) (metric)
CV=1156Q [ wroeeeeeees (1—1) OV=117Q [——  -roveeeeeeenes (1—2)
1- 2 1-2
Q: maximum flow rate m*h Q: maximum flow rate m*/h
G: liquid specific gravity (water = 1) G: liquid specific gravity (water = 1)
P1: absolute inlet pressure kPa P1: absolute inlet pressure kgf/em?
P2: absolute outlet pressure kPa P2: absolute outlet pressure kgf/em?
Note: P1 and P2 are pressures at maximum flow. Q is volumetric flow in m*h.

These equations assume turbulent flow. At low Reynolds numbers, near-laminar

flow requires a viscosity correction if viscosity exceeds 20 mm?/s (1 mm?/s = 1 cSt).

1) Viscosity correction
1. Calculate uncorrected Cv from Eq. (1-1) or (1-2).

2. Determine Reynolds-related coefficient R from Eq. (1-3).

3. Obtain correction factor FR from Eq. (1-4), (1-5), or the correction chart.
4. Multiply the Step 1 Cv by this correction factor.
5. Select valve size from the resulting Cv using the rated-Cv table.
__ 44000Q
~Voviv
Q: maximum flow rate m*/h
V: kinematic viscosity at operating temperature mm?/s
Cvl: uncorrected Cv

For R <70, the correction factor is:

For R > 70, the correction factor is:

=0095+8Y (1—5)
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2) Flashing correction

For liquid near saturation, pressure falls at the valve seat.

0.1
Even if inlet P1 exceeds vapor pressure Pv, local pressure /
02
downstream of the seat can fall below Pv. Part of the liquid -
. . . . . . . 0“5 l
then vaporizes. Ordinary liquid Cv sizing may undersize the 05
07 /
valve; apply the following flashing correction. 0? /,
For water £
3
Hot water at or near saturation can partly vaporize as it 3
5
]
passes the vena contracta. The simple liquid-flow law é
8 /
therefore no longer applies, nor does conventional valve &
go
sizing. Determine corrected Cv as follows: :«? 0
Z0
20 V4
Calculate the allowable pressure drop APc: 2 V4
80
1. AT<28 (5° F) APc=0.06 X PLeeeeeereeeeees (1—6) 15 /'
AT>28 (5° F) APc=0.9(P1 — Py)-eeeeeeeeeee (1—7) 200 /
300
AT: saturation temperature at inlet pressure minus inlet temperature 400
500
600
APc: allowable pressure drop for sizing (kgf/cm?) 1%
1800
P1: absolute inlet pressure (kgf/cm?)
2,000
2 3 4 5678910 20 30 40 S0
Pv: vapor pressure at inlet temperature (kgf/cm? abs.) B § JESS .8
. Cv correction factor (FR)
2. If calculated APc is below actual valve AP, use APc
Fig. 1-1 Viscosity correction curve

in place of AP in liquid Eq. (1-1) or (1-2).

For fluids other than water

Methods include limiting the pressure drop or calculating

the mixture specific gravity. Both require vapor-pressure

and critical-pressure data for the fluid. A common method

finds the flashed mass fraction, sizes liquid and vapor "__\\/Dﬁ/
separately, then combines their required Cv values.

Vaporized mass fraction X (kg/kg)

AP+

i1-i2 _ Cp(T1-T2)

X =
r2 r2

S,
1-P2

il: inlet-state enthalpy at T1 (kJ/kg)

i2: saturated-liquid enthalpy at outlet pressure P2 (kJ/kg)

Vapor bubbles form

r2: latent heat at outlet pressure P2 (kJ/kg)

Bubble collapse (cavitation)

Cp: specific heat capacity at (T1 + T2)/2, kJ/(kg-K)

X: vaporized mass fraction

287



IMACOT]

3. Gas Cv sizing equations
For maximum flow specified at standard conditions of 760 mmHg (14.7 psia)

and 15.6°C (60°F), use the following equations without further correction.

Cv Sizing Equations

(Pressure in kPa) (metric)
D AaP<Z
2
_Q ’6(273+T) _ Q [6@73+T)
Cv= 2.930 | AP(P1+P2) Cv= 287 7| AP(P1+P2)
P1
2) AP = >

_ QG(273+T)

Cv= 2.538P1

Q: max. standard-volume flow m?/h*
G: gas specific gravity (air = 1)

T: fluid temperature (°C)

P1: absolute inlet pressure (kPa)

P2: absolute outlet pressure (kPa)

AP =P1 - P2 (kPa)

_ Q/G273+T)

Cv= 249P1

Q: max. standard-volume flow m?/h*
G: gas specific gravity (air = 1)

T: fluid temperature (°C)

P1: absolute inlet pressure (kgf/cm?)

P2: absolute outlet pressure (kgf/cm?)

AP =P1 - P2 (kgf/cm?)

*Volume at 15.6°C and 101.325 kPa absolute; pressures refer to maximum flow.

4. Steam Cv sizing equations

(Pressure in kPa)

P1
1) AP < >

WK
vV =
0.1391,/AP(P1+P2)

P1
AP ==

2.

WK

Cv= 0.1205P1

W: maximum mass flow (kg/h)
P1: absolute inlet pressure (kPa)
P2: absolute outlet pressure (kPa)
K=1+0.0013 x superheat (°C)
AP =P1 - P2 (kPa)

Note: P1 and P2 are pressures at maximum flow.

Superheat is inlet temperature T1 minus saturation temperature Ts at inlet P1.

For saturated steam, superheat is zero.

288

Cv

(metric)

WK

~ 13.67,/AP(P1+P2)

WK

Cv= 11.9P1

Q: maximum mass flow (kg/h)

P1: absolute inlet pressure (kgf/cm?)
P2: absolute outlet pressure (kgf/cm?)
K=1+0.0013 x superheat (°C)

AP =P1 - P2 (kgf/cm?)
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Cv Sizing Equations

5. Cv sizing equations for other vapors

(US customary) (metric)
w V1+V2 w V1+V2
Cv=— Cv=—=
89.6 AP 1210 AP
W: maximum mass flow Ib/h W: maximum mass flow kg/h

V1: vapor specific volume at inlet pressure  {t*/Ib V1: vapor specific volume at inlet pressure  cm®/g

V2: vapor specific volume at outlet pressure  {t*/Ib V2: vapor specific volume at outlet pressure  cm®/g

P1: absolute inlet pressure psia P1: absolute inlet pressure kgf/em?

P2: absolute outlet pressure psia P2: absolute outlet pressure kgf/em?

AP =PI - P2 (psi) AP =PI - P2 (kgf/em?)

1. P1 and P2 are pressures at maximum flow.

2. For choked flow, request application-specific sizing from the factory.
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