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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the work.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Council. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies. voting.

International Standard ISO 4411 was prepared by Technical Committee:ISQ/TC1131)
Fluid power systems.

Users should note that all International Standards undergo revision from time to time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.
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INTERNATIONAL STANDARD

1SO 4411-1986 (E)

Hydraulic fluid power — Valves — Determination of
pressure differential/flow characteristics

0 Introduction

In hydraulic fluid power systems, power is transmitted and con-
trolled through a liquid under pressure within an enclosed cir-
cuit. Hydraulic valves control the-directian, pressure or, flow
rate of the fluid in the system.

When the fluid flows through a valve it encounters “some
resistance which results in a loss of pressure called “pressure
differential”’.

This International Standard is intended to Hunify, testing
methods for hydraulic fluid power valves to enable the pressure
differential/flow characteristics of different valves to be
compared.

1 Scope and field of application

This International Standard specifies methods for determining,
under steady-state conditions, the pressure differential caused
by the flow through any given path in a hydraulic fluid power
valve. Requirements for test installations, procedures and
presentation of results are specified.

This International Standard may also be applied to other fluid
power components where similar conditions apply.

Accuracy of measurement is divided into three classes (A, B
and C) which are explained in annex A. Guidance as to the use
of practical units for the presentation of results is given in
annex C. Annex D provides a pre-test checklist of those items
where agreement is recommended between the parties con-
cerned.

2 Reference

ISO 1219, Fluid power systems and components — Graphic
symbols.

3 Definitions

For the purposes of this International Standard, the following
definitions apply.

3.1, nominal diameter of valve, D: The manufacturer's
values, for the nominal diameter of the valve.

3.2 flow rate, gj: The volume rate of flow at the point of
measurement,“see’5.1.11¢

3.3 valve-related fluid velocity, u: The mean velocity of
the fluid based upon the flow rate gy and the valve diameter D.

3.4 pipe-related fluid velocity, v: The mean velocity of
the fluid based upon the flow rate g, and the pipe internal
diameter d.

3.5 Reynolds number, Re: A dimensionless quantity
defined by the expressions

uD

Re = > (valve-related) and
vd .

Re = —~ (pipe-related)

3.6 pressure differential, Ap: The pressure loss attributed
to the valve (see 6.5).

3.7 loss coefficient, k: A coefficient used in non-
dimensional presentation of valve loss. It is defined by the ex-
pression

B 2Ap

ou?
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3.8 pipe length, /: The sum of the pipe lengths between the
upstream and downstream pressure-tapping points.

3.9 friction factor, u : A coefficient used in non-dimensional -

presentation of pipe loss, see annex B.

4 Symbols and units

4.1 The symbols and units used throughout this International
Standard are as shown in table 1.

4.2 The graphical symbols used in figures 1 to 3 are in ac-
cordance with I1ISO 1219.

5 Test installations
5.1 Test circuits

5.1.1 A circuit suitable for testing valves as shown in figure 1
shall be used.

NOTE — Figure 1 illustrates a basic circuit which does not incorporate
all the safety devices necessary to protect against,damage’in the event
of component failure. It is important that those responsible for‘carrying
out the test give due consideration to safeguarding both personnel and
equipment.

5.1.2 A fluid supply with controllable flow shall be used.

5.1.3 A pressure-relief valve shall be installed in the supply
line to protect the circuit from excess pressures.

5.1.4 To establish a steady flow pattern at the upstream
pressure tapping, the length of pipe upstream of that tapping
shall conform with the following requirements:

a) for class A measurement accuracy, a visibly straight,
uniform bore pipe length of 50d shall be used;

b) for class B or C measurement accuracy, a visibly
straight, uniform bore pipe length of at least 10d shall be
used.

5.1.5 For all classes of accuracy of measurement, a visibly
straight, uniform bore pipe length of 5d shall be used between
the upstream pressure tapping and the valve.

5.1.6 To ensure adequate pressure recovery, a Visibly
straight, uniform bore pipe length of 10d shall be used
between the valve and the downstream pressure tapping.

5.1.7 Alvisibly straight, 'uniform bore pipe length of 5d shall
be used between the downstream pressure tapping and the
temperature-measuring point.

Table 1:<-Symbols- and units

Reference Quantity Symbol Dimension Unit2
clause

31 Nominal diameter of valve D L m
3.2 Volume flow rate ay L37-1 m3/s
3.3 Fluid velocity — valve-related u LT-1 m/s
3.4 Fluid velocity — pipe-related v LT-1 m/s
3.5 Reynolds number Re pure number
3.6 Pressure differential Ap ML-1T-2 Pa3d
3.7 Coefficient — valve loss k pure number
3.8 Pipe length I L m
39 Friction factor — pipe u pure number
— Inside diameter of pipe d L m
- Temperature 6 (C] K
— Kinematic viscosity v 1271 m2/s
- Mass density o ML-3 kg/m3

1) M = mass; L = length; T = time; ® = temperature

2) The use of practical units for the presentation of results is described in annex C.

3) 1Pa=1N/m2



5.1.8 A visibly straight, uniform bore pipe length of 5d shall
be used downstream of the temperature-measuring point.

5.1.9 Pipes and fittings consistent with the nominal diameter
of the valve shall be used.

5.1.10 All pipes shall be mounted in the horizontal plane; if
this is not possible, a correction factor shall be applied to the
measured pressures.

5.1.11 A flowmeter shall be installed to measure the flow rate
at a point downstream of the pipe length described in 5.1.8.

5.2 Pressure-tapping points

5.2.1 For class A measurement accuracy, static pressure-
measuring connections shall be used which consist of a
piezometer ring having

a) two equally spaced tappings, if the pipe inside
diameter, d, is equal to or less than 6 mm;

b) three or more equally spaced tappings/if the|pipé inside
diameter, d, is greater than 6 mm.

The tappings and the measuring device shall be connected with
one lead.

5.2.2 For classes B and C measurement accuracy, single
pressure-tappings may be used.

5.2.3 The centreline of the tappings shall intersect the pipe
centreline and be normal to it.

5.2.4 No tapping shall be installed on the lowest point of the
pipe.

5.2.6 Pressure-tappings having identical diameters which are
equal to or less than 0,1d, but not less than 1 mm nor greater
than 6 mm, shall be used.

5.2.6 The length of a pressure-tapping hole shall not be less
than twice its diameter.

5.2.7 The connecting lead to the pressure-measuring device
shall have a cross-sectional area of not less than half the total
area of the tapping holes.

5.3 Filtration

5.3.1 A filter shall be installed which provides a standard of
filtration approved by the valve manufacturer.

5.3.2 The position and specific description of each filter used
in the test circuit shall be stated.
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6 Test procedures
6.1 Test fluid

6.1.1 A test fluid approved by the manufacturer of the valve
shall be used when carrying out the tests. Information concern-
ing the fluid shall be recorded.

6.1.2 For classes A and B measurement accuracy, the mass
density, o, and the kinematic viscosity, v, from fluid samples
taken from the test installation shall be measured immediately
before the test.

6.1.3 For class C measurement accuracy, it is permissible to
use density and viscosity data obtained from the fluid supplier.

6.1.4 The kinematic viscosity, v, and the mass density of the
fluid, o, for the range of temperatures used in the test shall be
stated.

6.2 Temperatures

6.2.1."When'a dimensional presentation is required (see 6.6.3)
and. the test is to be carried out with one stated fluid at one
témperature, the temperature shall be controlled during the test
within the limits specified in table 2.

Table 2| 2= Permissible variation in indicated fluid
temperature

Class of measurement
accuracy A B C
(see annex A)

Variation in temperature
indication, K

H+

1,0 + 20 + 4,0

6.2.2 When a non-dimensional presentation is required (see
6.6.2), there is no requirement for the complete test to be car-
ried out at one controlled temperature, but for each test condi-
tion the temperature is required to be stable within the limits
specified in table 2.

6.2.3 The tests shall be carried out within the range of fluid
temperatures recommended by the valve manufacturer for the
intended application of the valve.

6.3 Steady-state conditions

6.3.1 All readings shall only be recorded after steady-state
conditions have been reached.

6.3.2 When steady-state test conditions are reached for a
specific test condition, only one set of readings of individual
quantities shali be taken over concurrent common time
periods. Each reading shall be recorded as the mean value of
each quantity being measured.
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6.4
The number of sets of readings to be taken and their distribu-
tion over the range shall be selected to give a representative in-
dication of the performance of the valve over the full range of
flow selected for the test.

6.5 Pressure differential

Calculate the valve pressure loss, Ap, by subtracting the pipe
loss (see annex B) from the total measured loss.

For this purpose, the connecting fittings shall be considered as
being part of the valve.

6.6 Presentation of the test results -

6.6.1 General

All test measurements and the results of calculations therefrom
shall be tabulated by the testing agency and preferably also
presented graphically as described in 6.6.2, 6.6.3 and 6.6.4.

6.6.2 Non-dimensional presentation

6.6.2.1 For valves which have a fixed internal - geometry, a
non-dimensional graphical presentation as shown in figure 2"
shall be used. The flow is represented by the valve-related
Reynolds number (see 3.5) and the pressure differential by a
loss coefficient k (see 3.7).

6.6.2.2 Calculate the values for Re and k (see 3.5 and,3.7);
using known values of kinematic viscosity, v, and mass den-
sity, o, at each controlled temperature and plot k against Re on
log-log scales.

NOTE — The results of a series of tests with different fluid kinematic
viscosities and mass densities will produce one curve when the flow
aperture dimensions of the valve are unaffected by changes in the rate
of flow or pressure.

6.6.3 Dimensionai presentation

When required for specific applications, the test results shall be
presented dimensionally as a graph of pressure differential, Ap,
against the flow rate, g,. The kinematic viscosity and mass
density at the controlled fluid temperature shall also be stated.
An example is shown in figure 37

NOTE — A dimensional presentation can be produced from the results
of non-dimensional presentation by calculating the valve-related
Reynolds numbers for given flow, finding the value of k from the k-Re
curve and caicuiating the pressure differentiai by transposing the equa-
tion given in 3.7 as follows:

Ap=k97

6.6.4 Valves with variable internal geometry

Where valves have an internal geometry which is variable as a
function of flow or pressure, the procedure for a non-
dimensional presentation, as described in 6.2.2 and 6.6.2,
will not result in one curve; a dimensional presentation, as
described in 6.2.1 and 6.6.3, is therefore implied.

A typical example of curves for a spring-loaded non-return
valve-is given-inifigure 41'.-When the valve is maintained in the
fully’open condition, a'value for the loss coefficient, k, can be
determined.

7. ldentification statement (Reference to this
International- Standard)

Use the following statement in test reports, catalogues and
sales literature when electing to comply with this International
Standard:

“Test for the determination of pressure differential flow
characteristics conforms to ISO 4411, Hydraulic fluid power —
Valves — Determination of pressure differential/flow
characteristics’'.

1) The graphical results shown in figures 2 to 4 are shown for style of presentation only; no specific or related values are intended.
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Figure 1.~ Test circuit diagram
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Figure 2 — Non-dimensional presentation of directional control valve

1) 50d for class A measurement accuracy; » 10d for classes B and C measurement accuracy.
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