
International Standard 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION.MEIKjJYHAPO~HAR OPI-AHM3AL&lR fl0 CTAH~APTbl3A~l4bl~RGANISATION INTERNATIONALE DE NORMALISATION 

Hydraulic fluid power - Valves - Determination of 
pressure differentiallflow characteristics 
Transmissions h ydraufiques - Appareils de distribution - 06 termina tion des caract&istiques Pression diff&en tielleld&bit 

First edition - 19864845 

UDC 621.646 Ref. No. ISO 44114986 (E) 

Descriptors : hydraulic fluid power, hydraulic equipment, valves, hydraulic valves, tests, determination, differential pressure. 

Price based on 11 pages 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 4411:1986
https://standards.iteh.ai/catalog/standards/sist/f63fdf3d-b12e-45a3-a9dd-

2438ebef11ec/iso-4411-1986



Foreword 

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 ISO/TC 131, 
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. 

0 International Organkation for Standardkation, 1986 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO4411-1986 (E) 

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

0 lntroduction 

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 direction, 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 unify 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 met,hods 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 
sf 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 - Graphit 
s ymbols. 

3 Definitions 

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

31 nominal diameter of valve, D: The manufacturer’s 
values for the nominal diameter of the valve. 

3.2 flow rate, qV: 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 qVand the valve diameter D. 

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

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

UD 
Re = v (valve-related) and 

vd 
Re = v (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. lt is defined by the ex- 
Pression 

2AP 
k - = 

QU2 
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3.8 pipe length, Z: The sum of the pipe lengths between the 
upstream and downstream pressure-tapping Points. 

3.9 friction factor, p : 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 a) for class A measurement accuracy, a visibly straight, 
Standard are as shown in table 1. uniform bore pipe length of 5Od shall be used; 

4.2 The graphical Symbols used in figures 1 to 3 are in ac- 
cordante with ISO 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 darnage in the event 
of component failure. lt is important that those responsible for carrying 
out the test give due consideration to safeguarding both personnel and 

51.2 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 : 

b) for class B or C measurement accuracy, a visibly 
straight, uniform bore pipe length of at least 1Od 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 IOd shall be used 
between the valve and the downstream pressure tapping. 

5.1.7 A visibly straight, uniform bore pipe length of 5d shall 
be used between the downstream pressure tapping and the 

equipment. temperature-measuring Point. 

Table 1 - Symbols and units 

Reference 
Quantity Symbol Dimension 1) 

clause 

3.1 Nominal diameter of valve D L 

3.2 Volume flow rate W LST-’ 

3.3 Fluid velocity - valve-related U LT-’ 

3.4 Fluid velocity - Pipe-related V LT-’ 

3.5 Reynolds number Re pure number 

3.6 Pressure differential AP ML-’ T-2 

3.7 Coefficient - valve loss k pure number 

3.8 Pipe length 1 L 

3.9 Friction factor - pipe P pure number 

- Inside diameter of pipe d L 

- Temperature 8 0 

- Kinematic viscosity V LZT-’ 

- Mass density @ ML-3 

1) M = mass; L = length ; T =t time ; 0 = temperature 

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

3) 1 Pa = 1 N/m2 

Uni91 

m 

m3ls 

mls 

m/s 

Pas) 

m 

m 

K 

m2ls 

kglm3 
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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 pipe 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. 

5.2.5 Pressure-tappings having identical diameters which are 
equal to or less than O,ld, 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. 

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, Q, 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, Q, 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 
temperature, the temperature shall be controlled during the test 
within the limits specified in table 2. 

Table 2 - Permissible Variation in indicated fluid 
temperature 

/;zent / A 1 B 1 C / 

I Variation in temperatute 
indication, K 

/ f l,o / -t 2,0 / * 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 shall be taken over concurrent common time 
periods. Esch reading shall be recorded as the mean value of 
each quantity being measured. 
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6.4 Performance 

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 (sec 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, Q, 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 Dimensional presentation 

When required for specific applications, the test results shall be 
presented dimensionally as a graph of pressure differential, Ap, 
against the flow rate, qP The kinematic viscosity and mass 
density at the controlled fluid temperature shall also be stated. 
An example is shown in figure 3’). 

NOTE - A dimensional presentation tan 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 calculating the pressure differential by transposing the equa- 
tion given in 3.7 as follows: 

242 
Ap = ke 2 

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 in figure 4 ‘1. When the valve is maintained in the 
fully open condition, a value for the loss coefficient, k, tan be 
determined. 

7 Identification 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 fluidpower - 
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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1 Controllable flow supply 
2 Relief valve (circuit protection) 
3 Stop valve (normally fully open) 
4 Pressure differential measuring device 
5 Test valve 
6 Temperature at outlet of valve 
7 Flowmeter 

Figure 1 - Test circuit diagram 

Manufacturer : 
Valve type : Directional control valve 
Nominal diameter: 
Type no : 
Measurement to class : 

Reynolds number, Re 

Figure 2 - Non-dimensional presentation of directional control valve 

1) 5Od for class A measurement accuracy; > 10d for classes B and C measurement accuracy. 
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