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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, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

In pneumatic fluid power systems, power is transmitted and controlled through a gas under pressure
within a circuit. Components that make up such a circuit are inherently resistive to the flow of the gas
and it is necessary, therefore, to define and determine the flow-rate characteristics that describe their
performance.

ISO 6358:19891) was developed to determine the flow-rate characteristics of pneumatic valves, based
upon a model of converging nozzles. The method included two characteristic parameters: sonic
conductance C and cr1t1cal pressure ratio, b, used in a proposed mathematlcal approx1mat10n of the

' ked flow to
subgonic flow, based on static pressure. This new edltlon uses stagnatlon pressure instead)|to take into
account the influence of flow velocity on the measurement of pressures.

Expg¢rience has demonstrated that many pneumatic valves have converging-diverging characteristics
that|do not fit the ISO 6358:1989 model very well. Furthermore, new developnients have pllowed the
appljcation of this method to additional components beyond pneumaticcualves. Howevar, this now
reqyires the use of four parameters (C, b, m, and Ap_) to define the flow performance in botH the choked
and pubsonic flow regions.

This| document describes a set of three flow-rate characteristic(parameters determine¢d from test
resullts. These parameters are described as follows and are listed<in decreasing order of priprity:

— [The sonic conductance, C, corresponding to the maximunmrflow rate (choked) is the mogt important
parameter. This parameter is defined by the upstream’stagnation conditions.

— [The critical back-pressure ratio, b, representiiig' the boundary between choked and subsonic
Flow is second in importance. Its definition differs here from the one in ISO 6358:1989 because it
rorresponds to the ratio of downstream toupstream stagnation pressures.

— [The subsonicindex, m, is used if necessatyto represent more accurately the subsonic floy behaviour.
For components with a fixed flow path;m is distributed around 0,5. In these cases, only the first two
Characteristic parameters C andb are necessary. For many other components, m will vafy widely. In
these cases, it is necessary to determine C, b, and m.

Sevdral changes to the test €quipment were made to overcome apparent violations of|the theory
of cpmpressible fluid flow{ This included expanded inlet pressure-measuring tubes to|satisfy the
assumptions of negligible)inlet velocity to the item under test and to allow the inlet| stagnation
pressure to be measured/directly. Expanded outlet tubes allow the direct measurement of downstream
staghation pressure.to better accommodate the different component models. The differerjce between
staghation pressure-at upstream and downstream of component means a loss of pressure ehergy.

ISO [6358-3.€an be used to calculate without measurements an estimate of the overalll flow-rate
charfacteristics of an assembly of components and piping, using the characteristics of each|component

The discharge and charge test methods speciiie € following advantages over
the test method specified in ISO 6358-1:

a) an air source with a large flow-rate capacity is not required;
b) components with larger flow-rate capacity can be tested more easily;
c) energy consumption is minimised; and

d) test time is shortened in the discharge and charge tests, and noise level is decreased in the
charge test.

1) Withdrawn standard.
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Performance characteristics measured in accordance with this edition of the ISO 6358 series will differ
from those measured in accordance with ISO 6358:1989.
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Pneumatic fluid power — Determination of flow-rate
characteristics of components using compressible fluids —

Part 2:
Alternative test methods
1 Bcope
This|document specifies a discharge test and a charge test as alternative methods far testing pneumatic
fluid power components that use compressible fluids, i.e. gases, and that have internal flgw passages
that|can be either fixed or variable in size to determine their flow-rate characteristics. Hywever, this
docyment does not apply to components whose flow coefficient is unstable during use, i.e. fomponents
that|exhibit remarkable hysteretic behaviour (because they can contain flexible parts that deform
undg¢r the flow) or that have an internal feedback phenomenon (suchas regulators), or fomponents
that|have a cracking pressure such as non-return (check) valves arid quick-exhaust valves.[In addition,
it dofes not apply to components that exchange energy with the flifid during flow-rate measurement, e.g.
cylinders, accumulators.
NOTE This document does not provide a method to determine if a component has hysteretic behaviour;
ISO §358-1 does provide such a method.
Tablk 1 provides a summary of which parts of the ISO 6358 series can be applied to various components.

Table 1 — Application of the ISO 6358 series test methods to components

Constant Variable
upstream pressure test upstream pressfire test
Components ISO 6358-1 1SO 6358-1 )
P constant ISO 6358-2 variable 150 6358-2
dfscharge
upstream charge test upstream
test
pressure test pressure test

Groyp 1 Directional gontrol valves yes yes yes yes

Flow control'valves yes yes yes yes

Connectets yes yes yes yes

Valve manifolds yes yes yes yes

Group of components yes yes yes yes
Gr01|1p 2 Filters and lubricators yes no no no

Non-return (check) valves yes no no no

Quick-exhaust valves yes no no no

Tubes and hoses yes no no no
Group 3 Silencers and exhaust oil mist no no yes yes

separators

Blow nozzles no no yes yes

Cylinder end heads no no yes yes

The charge test cannot be performed on components that do not have downstream port connections.

This document specifies requirements for the test installation, the test procedure, and the presentation

ofre

sults.
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Evaluation of measurement uncertainties is described in Annex A. Requirements for a method to test
the volume of an isothermal tank are given in Annex B. Guidance on the isothermal tank is given in
Annex C. Requirements for a method to test isothermal performance are given in Annex D. Guidance
on the formula for calculating characteristics is given in Annex E. Guidance on calculating flow-rate
characteristics is given in Annex F.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated reﬂerences, the Iatest edition of the referenced document (Including any amendments) app

ISO 1219-1,
Graphical s)

[SO 5598, F.

ISO 6358-1
compressibl

3 Terms

For the puy

following apply.

[SO and IEC

— IECEle
4 Symbgq
4.1 Thes

ISO Onlline browsing platform: available at https://www.iso.org/obp

Fluid power systems and components — Graphical symbols and circuit diagrams, = Pd
mbols for conventional use and data-processing applications

uid power systems and components — Vocabulary

Pneumatic fluid power — Determination of flow-rate characteristics 6f components 1
e fluids — Part 1: General rules and test methods for steady-state flow

and definitions

poses of this document, the terms and definitions given in ISO 5598, ISO 6358-1 anc

Ctropedia: available at http://www.electropedia.org/

bls and units
ymbols and units shall be innaccordance with ISO 6358-1 and Table 2.

Table 2 — Symbols and units

maintain terminological databases for use in standardization at the following address¢s:

lies.

rt 1:

sing

the

Referenfe DeScription Symbol Dimension? SI units Practical units

5.5.2 Time t T S S

5.4.3 Tapk volume |74 L3 m3 dm3
a2  T=time|L = length:
4.2 The numerals used as subscripts to the symbols shall be in accordance with ISO 6358-1|and
Table 3.

Table 3 — Subscripts
Subscript Meaning
3 Tank conditions

4.3 The graphical symbols used in Figures 1 and 2 are in accordance with ISO 1219-1.
2 © IS0 2019 - All rights reserved
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5 Testinstallation

CAUTION — Figures 1 and 2 illustrate basic circuits that do 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 Test circuit for discharge test

A suitable test circuit as shown in Figure 1 shall be used for the discharge test. See 5.3.5.

2 _
= >
| — 6 7.9 14
) | - < 4 H | | I | H>

% é 111 p 13| p:

| 2 3
16| ps
14 | I
15
NOTE See Table 4 for the key to test circuit components.

Figure 1 — Tést circuit for discharge test

5.2 | Test circuit for charge test

A sujtable test circuit as showprin Figure 2 shall be used for the charge test.

g

6 789 1o
> S . . 4 S [>_(>
é 11

17 13 16 3 18

Ha
\ S}
S

b3

15

14

NOTE See Table 4 for the key to test circuit components.

Figure 2 — Test circuit for charge test
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Table 4 — Key to test circuit components shown in Figures 1 and 2

Key item Relevant - Additional
subclause or Description .
number requirements
paragraph

1 5.3.2 Compressed gas source and filter for discharge test

2 — Adjustable pressure regulator for discharge test

3 — Shut-off valve

4 5.4 Tank

5 - Temperature-measuring instrument

6 5.3.7 Upstream pressure-measuring tube

7 3.7 Upstream transition connector

8 — Component under test

9 5.3.7 Downstream transition connector

10 3.7 Downstream pressure-measuring tube

11 5.3.10 Pressure transducer

12 5.3.10 Pressure transducer

13 .3.4 and 5.3.9 |Flow control solenoid valve (optional) The sonic conductance
of this flow control valye
shall be about four times
larger than that of the
component under test.

14 — Barometer

15 — Digital recorder

16 5.3.10 Pressure transducer

17 — Suction port for charge test

18 — Vacuum pump for charge tést

5.3 Gendral requirements

5.3.1 Thelcomponent under test shall be installed and operated in the test circuit in accordance with
the manufagturer’s operating instruetions.

5.3.2 For|the discharge test;a filter shall be installed which provides a standard of filtration spedified
by the mantyifacturer of thé.component under test.

5.3.3 A test set-up:shall be constructed from the items listed in Table 4. [tems 1 through 8, 11, an|d 14
through 16 pre required for the discharge test. [tems 3 through 12 and 14 through 18 are required fof the
charge test.

5.3.4 If the component under test has no control mechanism for shifting its position, install a flow
control solenoid valve (item 13) upstream of pressure-measuring tube (item 6) in order to start the test.

5.3.5 Items 9, 10, and 12 are not required for the discharge test when the component under test does
not have a downstream port. See the special instructions in 6.2.3.3.

5.3.6 The distance between the tank (item 4) and the upstream pressure-measuring tube (item 6) for
the discharge test, or between the tank (item 4) and downstream pressure-measuring tube (item 10) for
charge test, shall be as short as possible. The volumes of all components and conductors in Figures 1 and
2 between items 3 and 13 (if item 13 is used) or between items 3 and 8 (if item 13 is not used) shall be
added to the volume of the tank.

4 © IS0 2019 - All rights reserved
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5.3.7 The pressure-measuring tubes (items 6 and 10) and the transition connectors (items 7 and 9)
shall be in accordance with ISO 6358-1. It is not necessary to have a temperature-measuring connection
in the pressure-measuring tubes because the temperature is measured in the tank.

5.3.8 For any locations where liquid can collect, installation of a drain separator is recommended.

5.3.9 The shifting time of the flow control solenoid valve (item 13) shall be sufficiently short to limit
the transient time at the beginning of test data collection.

5.3.10 When connecting pressure measuring instruments, the dead volume shall be limited as much as
posdible to avoid long response time, delays, and phase lag for measurements.

5.4 | Requirements for the tank (item 4)

5.4.1 Structure

The [tank shall be suitably structured as shown in Figure 3 and consistyof the components listed in
Tablk 5. Dimensions of the flow port shall conform to the dimensions given in Table 6.

The fatio of the height of the tank to its diameter should not exceed"2:1.

The [junction of the flow port with the internal surface of the tank shall be convergent shaped so as to
avoifl pressure loss. The dimensions and arrangement of cénnection ports other than the flow port are
detefmined by the test operator.

1 4 3 = 56

//| //'

A 777,
BN

.2/_
- .
il

a  Measuring ports (temperature and pressure).

b

b Source port.
¢ Flow port.

Figure 3 — Structure of the tank
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Table 5 — Key to tank components

Key item number

Description

Comments

Lid

Tank body

Gasket

Flange fastener (nut and bolt)

Six or more pieces, equally arranged

Metal net

See 5.4.2.

DU D | W[

Stuffed material

See 5.4.2.

Drain valve

Table 6 — Thread size of flow port

Tanki‘:lorl:lgme’ v Thread size
<0,0025 G1/8
0,0025<V<0,0063 G1/4
0,0063<V<0,014 G3/8
0,014 <V <0,032 G1/2
0,032<V<0,066 G 3 /4
0,066 <1<0,100 G
0,100 <V <0,190 GI11/4
0,190 <V <0,310 G11/2
0,310 <V <0,510 G2
0,510 <V<0,730 G21/2
0,730 <V<1,100 G3

5.4.2 Stuffed material

The stuffed material, which is used te.reduce the change in air temperature, shall be resistant to

corrosion ajnd pressure and shall bé. distributed evenly in the tank. If copper wires are used as
stuffed matferial, wires of equivalentdiameter 3 x 105> m to 5 x 10~> m shall be stuffed in the tank

density of 3[x 102 kg/m3.

NOTE The equivalent diameter means the diameter of the cross-sectional area of a noncircular §

assumed as ¢quivalent to the'diameter of the cross-sectional area of a circular shape.

The stuffed material shall be wrapped with a metallic net to prevent it from flowing out of the
port. It is d¢sirabléthat a suitable frame supports the stuffed material to prevent it from leaning ix

the tank. Fyrtherfinformation is given in Annex C.

the
ata

hape

flow
side

5.4.3 Volume

The volume of the tank, ¥, in m3 should be calculated using Formula (1):

V >5x10°C

where C is the estimated sonic conductance of the component under test, in m3/(s-Pa)(ANR).

M

NOTE1 The tank volume is the net value obtained by subtracting the volume of the stuffed material from the
volume of the empty air tank.

NOTE 2  The test method to determine the tank volume is given in Annex B.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=4d76571e383432a34e2eda9429a37c16

5.5
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Special requirements

5.5.1 The special requirements given in ISO 6358-1:2013, 5.6 apply for this document.

2:2019(E)

5.5.2 The digital recorder shall be set to sample pressure at a time interval determined in accordance
with Formula (2) or (3). Approximately 1000 pressure data points should be obtained during the main
variation of the tank pressure p; for discharge or charge tests. These criteria have an effect on the
calculations performed in 6.3.

5.5.3

disclharge or charge tests is less than 1000, reduce the sampling interval At as needed and reps

NOT
is op

NOT
98 %

6

6.1

6.1.

For discharge tests:

At =2,5x1078 v
C

For charge tests:

At=1,5x10-8 Y
C
where
At is the time interval for sampling pressure, ins;
C is the estimated sonic conductance of the:<component under test, in m3/(s-P:
|4 is the tank volume, in m3.
b If the number of pressure data points recorded during the main variation of the tank pi

£ 1 The beginning of the main varidtion of tank pressure p; is the time at which the solen
ened.

E 2 The end of the main variation of the tank pressure p; is the time at which tank pressui
of its total variation.

Test procedures
Test conditions

| Testfluid

6.1.

1.1D Air should be used as the test fluid. If a different fluid is used, it shall be stated in thd

(2)

3

) (ANR);

essure p; of
at the test.

oid valve 13

e p; reaches

test report.

6.1.1.2 The gas shall be filtered and conditioned to comply with the recommendations of the

man

ufacturer of the component under test.

6.1.2 Checks

Periodically check that the pressure-tapping holes are not blocked by liquids or solid particles.
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6.1.3 Test measurements

6.1.3.1 Each set of test readings shall be recorded after steady-state conditions of temperature and
pressure in the tank have been reached. The variations of pressures and temperature indications shall
not exceed the limits given in the column “Allowed test condition variation” of Table 7.

6.1.3.2 Pressure and temperature shall be measured within the measurement accuracy specified in

Table 7.

Table 7 — Measurement accuracy and allowed test condition of parameters

6.1.3.3 Fl
while taking

6.2 Meas

6.2.1 Reg

If data are
test units s
procedures

6.2.2 Sel

Either the
accordance

6.2.3 Mejpsuring procedures for discharge test

6.2.3.1 Sqg
valve (item
pressure in

Parameter Measurement A!l(_)wed test
accuracy condition variation

Volume 1% —

Time 1% —

Upstream pressure +0,5 % 1%
Downstream pressure 0,5 % 1%
Tank pressure 0,5 % +1.%
Temperature +1K #3IK

pw-rate conditions in each flow path shall be maintained constant within the compo|
r measurements to ensure there is no inadvertent moventent of component parts.

uring procedures

Jjuirements for testing to publish catalogue ratings

fo be used for publishing ratings in.a_catalogue, a sample consisting of a minimum of
elected from a random production-lot shall be tested in accordance with the folloy

pction of measuring procedure

procedure described™in 6.2.3 or the procedure described in 6.2.4 shall be selectd
with the scope of this document.

t the pressure of the pressure regulator (item 2) at 700 kPa (7 bar), and open the shy
3) to\charge air into the tank (item 4). Leave the tank in this state until temperature
thie,tank reach steady-state conditions.

nent

five
wing

d in

t-off
and

6.2.3.2 Close the shut-off valve (item 3) and measure the initial pressure, p5, using pressure transducer
16, initial temperature, T3, using the temperature-measuring instrument (item 5) in the tank, and
atmospheric pressure using the barometer (item 14).

6.2.3.3 Open the component under test (item 8) or the solenoid valve (item 13) to discharge air from
the tank (item 4) into the atmosphere. Measure pressure in the tank, p;, upstream pressure, p;, and
downstream pressure, p,, during discharge using the pressure transducers (items 16, 11, and 12), and
record the values using the digital recorder (item 15) as shown in Figure 4. If the downstream transition
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connector cannot connect to a component under test, measure atmospheric pressure as downstream
pressure, ps.

Y
3
1
|
2 |
j4 |
a b X
Key
X  fime
Y pressure
1 ppstream pressure
2 fownstream pressure
3 pressure in the tank
4  htmospheric pressure
a2 [Choked flow region.
b Bubsonic flow region.
NOTE The broken line indicates the upstream pressure, p;, when solenoid valve 13 is used to start the test.
But the upstream pressure, p;, begins at the maximum value if the component under test can perfori the shift to
starf| the test.
Figure® — Pressure response in the tank during discharge
6.2.4 Measuringprocedures for charge test (see Figure 2)
6.2.4.1 Reduce the pressure in the tank (item 4) to approximately 2 kPa absolute (0,02 bar absolute)
using the Vacuum pump (item 18). Then, close the shut-off valve (item 3) and leave the tankf|in this state
unti] the pressure in the tank reaches steady-state conditions. Measure the initial pressure, g3, using the
pressuFe—transaucer—{item—6)—inttal-temperature—Fytusirg—the—temperature-measuring! instrument

(item 5) in the tank, and the atmospheric pressure using the barometer (item 14).

6.2.4.2 Open the component under test (item 8) or the solenoid valve (item 13) to charge the air from
the atmosphere into the tank. Measure pressure in the tank, p;, upstream pressure, p;, and downstream

© IS0 2019 - All rights reserved
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pressure, p,, during charge using the pressure transducers (items 16, 11, and 12), and record the values

using the digital recorder (item 15) as shown in Figure 5.

Y |

A

|

4

2

I

I

I

I

I

I

I

I

a X

Key
X time
Y pressurg
1  upstreagn pressure
2 downstieam pressure
3 pressur¢ in the tank
4 atmospleric pressure
3 Choked flow region.
b Subsonif flow region.
NOTE The broken line indicates the upstream pressure, p; when a solenoid valve 13 is used to start thejtest.
But the upstfeam pressure, p;, begins at the maximum value if the component under test can perform the shiift to
start the test.

6.3 Calcuylation of characteristics

6.3.1 Sor

6.3.1.1 S1noothing of pressure in the tank, p;

ic conduetance, C

Figure 5 < Bressure response in the tank during charge

Perform a calculation to smooth the raw pressure data in the tank from a 21-point moving average by

using Formula (4).

b3 =

10

i=j+10

21 2. P

i=j-10

(4)
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D3y Iisthe pressurein the tank, inPa (i=1, 2, -+, n);

p’gm is the pressure in the tank after moving average processing, in Pa (j = 11, 12, -+, n-10);

n is the number of pressure data points measured during the discharge test or the charge test.

6.3.1.2 Conductance characteristics curve

Calculate the conductance, C., for each value of j over the measured region shown in Figure 4 for the

disc
vers

for discharge test

V(P(j-10) = Pigje10) )

Ce(y =

for charge test

20p, (R AL\T, T,

V(P3¢ j410)~Pij10) )

e(j) =
20p; yRPo AL\ Ty T

harge test, or Figure 5 for the charge test, by using Formula (5) or (6). Describe theydonductance
s the pressure ratio on the graph as shown in Figures 7 or 8:

(5)

(6)

where
Ce() is the conductance of a compgnent under test, in m3/(s-Pa)(ANR)
(j=21,22, .., n-20); see Eigure 6 for a description of how these data are organized;
P1(j) is the upstream pressure, in Pa;
p’3(j_10] is the pressure ifi the tank after smoothing before 10 points, in Pa;
p’3(j+10) is the pressure in the tank after smoothing after 10 points, in Pa;
V is the volume of the tank, in m3;
R is.the'gas constant, in J/(kg-K); [for air, R = 287 J/(kg-K)];
Po is the mass density of air at the standard reference atmosphere, in kg/nj
T, is the absolute temperature at standard reference atmosphere, in K;
T3 is the absolute temperature in the tank at start of discharge, in K;
JAY4 1S the time interval for sampling pressure determined in 5.5.2, 1N S,

© IS0 2019 - All rights reserved
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Measured pressure p,... 1 10 20 30 n
%)ooooqooootooooqooootooooqooootooooq ®
i=1,2,..,n &k jjj

Smoothing pressure p’, . 111213 n-10
30) ©eeeecpecc0p0cc0p0000900000 e

j=11,12,..,n-10 klgk /)
Conductance C . 212223 n-20

(i) 00090000 poooos ®

6.3.1.3 Calculation of sonic conductance, C

Calculate th
in Figures 7
maximum V
immediatel

If the C, co
to exhibit p
the upper li
accordance

Key
X back-pré

Y conduct]

j=1,2 ., n-20

Figure 6 — Value of j in (,;

or 8. The saturated region is characterized by several values of'the conductance that a

fficients vary significantly in the choked flow regionjthe component could be consid
ressure dependence. In this case, first repeat the precedure in 6.2.3.1 through 6.2.3
it of the pressure range of the component, then-determine the K, and C,,,,. coefficients in

with 6.3.3.

a

Y |
c

o |

ssuresatio p,/pq
hnce €,

e sonic conductance, C, by averaging the saturated region of the conductance, C,, as sh

own
re at

alues compared to all others. However, this does not include, the transient values obtalined
y after starting a charge or discharge.

ered
13 at

a

12

SaturatedTegion.

Figure 7 — Conductance characteristics for discharge test
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Key
X  pack-pressure ratio p,/p;
Y fponductance C,

a  Baturated region.

Figure 8 — Conductance characteristics for.charge test

6.3.2 Critical back-pressure ratio, b, and subsonic index,m

6.3.2.1 Calculate the critical back-pressure ratio, b, and subsonic index, m, from Formula (7) by the
least-square method using all of pressure ratios, p,/py, and conductance ratios, C,/C, in the subsonic
flow|region determined in 6.3.1. See Annex F for the\calculation, giving attention to the seconfl paragraph
in E2.2.1.

2 m
L
C
b pll—b 7

6.3.2.2 If the value of the subsonic index, m, calculated in 6.3.2.1 is between 0,48 and 0,52, its value
may|be corrected to 0;5%o reduce the number of characteristic parameters. In this case, redalculate the
corrgsponding critieal’back-pressure ratio, b, in accordance with 6.3.2.1, with m = 0,5.

6.3.3 Pressure dependence coefficient, K,

Takipg Cisy as the value of conductance for the maximum upstream pressure, plot the pressure
depg¢gndence as shown in Figure 9 usmg the test result stated 1n 6.2.3.3 2 3 3, then flnd the correlative line
in the . : o define the
choked flow reglon The slope of thlS hne is the value of the pressure dependence coeff1c1ent K,. When

selecting a conductance ratio and upstream pressure at two positions on this line, K, can be carculated

by using Formula (8).

1 _ CIOW

C
Kp — max (8)
P1max ~P1low

where pq),,, is the lower upstream pressure of the linear dependence.
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test resu

DR W N R < X

o

¢ Upstreafn pressure py,.,

7 Presentation of test results

71 Allm

7.2 Ifdat
for each cha

7.3 The f
accordance

upstreapn pressure p,

conducthnce ratio C,/C,, .,

first datp point, taken at maximum upstream pressure
second point on the line

correlatjve line

Conductance ratio C,,/C

Upstrea pressure pyyq,,

59 /

Its

max

Figure 9 — Plot of conduetance ratio versus upstream pressure

pasurements and thieresults of calculations shall be tabulated by the testing laboratory.

racteristie }iSted in 7.3 shall be reported.

bllowing performance characteristics related to flow-rate capacity, which are calculatg

with 6.3, shall be stated:

a) sonic conductance, C, [also see item d) below],

b) critical

back-pressure ratio, b,

c) subsonicindex, m, and

h are to be used for publishing ratings in a catalogue, the average of results from the test finits

d in

d) ifnecessary, pressure dependence coefficient, Kp, upstream pressure, p; ., and sonic conductance,

Cpnax at

the upstream pressure value pq ...

7.4 From these characteristics the performance of the component can be predicted using

ISO 6358-1:

2013, Formulae (E.1) and (E.2) and compared.

7.5 The record of the calibration of measuring devices shall be available.

14
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8 Identification statement (reference to this document)

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

“Flow-rate characteristics of pneumatic components determined in accordance with the discharge
test or charge test of ISO 6358-2, Pneumatic fluid power — Determination of flow-rate characteristics of
components — Part 2: Alternative test methods”

© IS0 2019 - All rights reserved 15
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Annex A
(informative)

Evaluation of measurement uncertainty

A.1 General

The ISO gu
consensus
estimate m
the GUM, b
important i
by the prin
the measur
principle.

GUM group

Type A conjponents are calculated by statistical means from repeated measurements, while Ty

component

values of constants, resolution, instability, environmental conditions.

In practice,
often, asiti
reference nj
uncertainti
estimate is
uncertainty
results or is

A.2 Eval
Type B

A.2.1 Me

According f{
component

of the condyictance'during the charge or discharge test can be expressed using either Formula (E.

(E.8); follov

de to the uncertainty in measurement (GUM:1995) [1] provides the current interhat
method for estimating the measurement uncertainty. There are different possibilitig
easurement uncertainty. The strict mathematical way is described most éxtensive
it the other pragmatic methods that are in conformity with GUM can be‘used. The 1
ule is: effort and expenditure for determination of uncertainties should-be clearly gu
fiple "fit for purpose”, i.e. it should be good enough to meet the requirements of the us
ement data, but it should not be overdone in light of the application./This annex uses

5 uncertainty components into Type A and Type B accordingdo the way data were obta

5 are taken from other sources, e.g. reference materialfcalibration certificates, acce

however, a combined approach is the most suitahle; this combined approach will apply
5 impossible to estimate each uncertainty individually. In this case, Type B will be used
aterials and quality control materials to avgid some systematic measuring error. The s
bs are combined applying the law of propagation of uncertainty. The Type A uncertd
an estimate derived from the statistical analysis of experimental data. This typ
evaluation is preferred when the value of a measurand will be the average of several
in relation with non-independent variables.

hation of measurement uncertainty of the sonic conductance, C, using

hsurand conductance, C,

o this docutperit, the most important flow-rate characteristic parameter of a pneun
is the sonicconductance, C. The formula relating measurand conductance, C,, and evoly

onal
s to
y in
mnost
ided
er of
this

ned.
pe B
pted

very
with
ngle
inty
e of
test

hatic
Ition

B) or

Fing these formulae, the quantity subject to measurement, and input quantities are:
—H—v—dp ap
C. =(sign 3 3 _ TV, —
e (g)popl\/TORT3 dt prl 37 dt

A.2.2 Identification of uncertainty of input quantities

According to Formula (A.1), the input quantities subject to measurement are:

a) p; — upstream stagnation pressure

Uncertainty follows the accuracy of measuring instrument: *Ap; = £0,5 %

Method of measurement of stagnation pressure (wall taping): Ap; = +0,3 %

16

(A.1)
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b) T; — upstream stagnation temperature
Uncertainty follows the accuracy of measuring instrument: +AT; = +1 K

All measurement instabilities are included in the previous limits of uncertainty. If they are not,
the reality in this range of instability must be added at the previous AT. However, the temperature
variation (decreasing in the discharge case or increasing in charge case) must be less than 3K from
the isothermal tank. That is the condition for the validity of the isothermal assumption of air inside
the tank and the flow rate can be calculated by only recording the pressure response.

c) V—volume of isothermal tank

Uncertainties will follow the evaluation of Formula (B.14).
d) Hp3/dt — change in pressure in the tank

Uncertainty will follow the accuracy of measuring instrument and the time baseé (sampling period).
A.2.3 Sensitivity coefficient

Senditivity coefficients are obtained from partial derivatives of the medel function fwith rejspect to the
inpuft quantities. For the evolution of conductance, C,:

lr 1[5 v dn

— for the input p, (A.2)
Op, PoP% Ty RT; dt
d
/. 1 V_%3 o the input T, (A.3)
DT, T, RT,T, dt
2P0Py ||
TO
T. d
of L B3V fointHe input b3 (A4)
T, RT, dt

(9P by
dt

A.2.4 Expression of abselute standard uncertainty

The pbsolute standard uncertainty for the measured conductance, C,, is given by:

d
AC, = Apla—f + ATga—f + AVa—f + A&a—f (A.5)
op, 0T aV dt 3 dﬁ
dt
If the relative or percentage standard uncertainty is desired, itis given by:
AC,
AC, % =100 c (A.6)

e

A.3 Evaluation of measurement uncertainty of the sonic conductance, C, using
Type A

A.3.1 Measurand sonic conductance, C

According to this document, the most important flow-rate characteristic parameter of a pneumatic
component is the sonic conductance, C. The evolution of conductance, C,, is defined by Formula (A.1)

© IS0 2019 - All rights reserved 17
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and can be plotted over the ratio of downstream pressure to upstream pressure, p,/p;. These curves
show correlatively the pressure variation and the conductance characteristics variation. See 6.3.1.3.

A.3.2 Expression of standard uncertainty

If the measurement points in the choked flow region are considered, an estimate of the measurand is
obtained that will be the average of several data points, as follows:

1 n
c:;gfci

where

The experi
choked flow

umber of measurement points in the choked flow region (n > 1);
he result of data measurement at 1.

mental standard deviation, s, characterizes the variability of obseryed values, C;, in
y region, as follows:

(A7)

the

an ]
(€ =C)
B A.8)
n-1
This experimental standard deviation of the sonic conduetadhce measurement can be taken as an
estimate offuncertainty (Type A).
A.4 Evalpation of measurement uncertainty of the critical back-pressure ratio, b,
and subsonic index, m, using Type B
A.4.1 Measurands
According to this document, the sécond most important flow-rate characteristic parameter |of a
pneumatic fomponent is the criticallback-pressure ratio, b. The subsonic index, m, is eventually tised
to represe;:r the subsonic flow_hehaviour. The formula relating measurands b and m, i.e. the quantity
subject to njeasurement, and input quantities is:
2 m

c b

Ze )| P A.9)

C 1=b
This formula is solved by the non-linear least square method (NLLSQ) with the variables as follows:

Ce

y; = = (A.10)
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p .
x; =24 (A11)
P,
The difference between an observed value and the value given by the model is:
2 m
x;—b
5= 1_( 11_b] (r12)

The sum of squared difference will be the least values (see Annex F). The NLLSQ are conceptually

inadequate to generate a statistical estimator of uncertainty. A pragmatic way to estimate th

of b

AA4.
As

limit

quﬂ

hnd m can be to use the NLLSQ with the minimum and maximum values of C found inA|

2 Identification and expression of uncertainty

tities is an arduous task. In this paragraph, two calculations will foéus on the uppe
s of these characteristics. The uncertainty of these flow-rate charactenistics will be def

b variability
3.2.

entioned in A.4.1, the functional relationship between the measurands/*and m and the influence

r and lower
ned here as

limits associated with the NLLSQ calculation results from maximum-+and minimum sonic donductance
detefmined in the choked flow region. In these conditions:
[C—s.} > NLLSQ—[b,m]. . (A.13)
[ C—s,} > NLLSQ—[b,m]. (A.14)
From these calculation results, the maximum abselute differences between these limits and the best
valups attributable to these measurands are the two values: [Ab| . and [Am|__ . Thes¢ values are
now|considered as the uncertainty of the result of a measurement, which is expressed as:
b+|Ab| . for the critical back-pressure ratio (A.15)
m*|Am| . for the sybsenic index (A.16)
NOTE These calculations show that:
a) foncerning the,choked flow region of the conductance curve, the comparison of results can be ¢lone directly
by comparing the values of sonic conductance, C; but
b) foncernihg’the subsonic flow region of the conductance curve, the comparison of each parameter b and
m independently is not sufficient to compare the results. It is necessary to add a graphicall comparison
bf-conductance curves, because the variations of each parameter C, b, and m can compensate to give an
=r]|n'va]pnf subsonic flows rnginn of the conductance curve
A.5 Repeatability and reproducibility

A simple method for basing uncertainty estimates on repeatability and reproducibility can be made
by statistical means from repeated measurements. This method has a great advantage in that most
testing laboratories are already acquainted with repeatability and reproducibility experiments, but
this method assumes that all significant systematic effects have been identified and either eliminated
or compensated for by the application of suitable corrections.

For complete details, see the ISO 5725 series (in particular ISO 5725-2) and I1SO 21748.

© IS0 2019 - All rights reserved 19


https://standardsiso.com/api/?name=4d76571e383432a34e2eda9429a37c16

ISO 6358-2:2019(E)

A.6 Practical uncertainty due to tank volume

In the discharge test and charge test, flow rate is calculated by a tank volume, V, and the change in
pressure in the tank from dps/dt in Formula (A.1). Uncertainty of C from the discharge and charge tests
when the tank volume varies is shown in Figure A.1. The abscissa is VV/C, which is tank volume, V, divided
by sonic conductance, C. This value represents an indicator of discharge or charge time. The value of C
is more variable when the tank volume is too small for both the discharge test and charge test. When
V/C > 5 x 105, as described in 5.4.3, variations in C, b, and m due to tank volume are minimised.

YA
2
15F o o
B o
1 -
0,5
0
-0,5
-1
-1,5F
-2 1 1 i
0 5 10 15 20 x 10°
Key
X V/{ [m3/(s.Pa)(ANR)]
Y C [Po]
] digcharge test
medan
(] charge test
mdan

Figure A.1 — Distributions of tank volume and practical uncertainty

A.7 Pradtical uncertainty due to temperature

In the disclharge test, the calculation of sonic conductance, C, is based on the temperature of alir in
the tank at|the startvof discharge, even though the temperature in the isothermal tank will slightly
decrease dyring‘discharge. Similarly, in the charge test, the temperature in the isothermal tank|will
slightly incfease: The error of thls decrease or increase of temperature is shown in Formula (A 17). In

e be-strrater+th : ; e-deereases
by 3 Kata C calculat10n pomt ln the charge test, C is calculated to be larger than a true value by 0,17 %
when the temperature rises by 1 K.

1 T -Ty
— AT, (1S0) = % (A-17)
2 2T,

A.8 Error due to transient change of temperature

Formula (A.1) of the discharge test ignores the temperature change of the isothermal tank as described
in Annex E. When considering the transient change of temperature, the second term appears as shown
in Formula (A.18), where M denotes the mass of air. In an actual test, the temperature will decrease
by a few K even when an isothermal tank is used, and so dT/dt will become the maximum value when
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the discharge starts. Therefore, in accordance with this document, C is calculated to be larger by
approximately 1 % at initial discharge.

However, if this transient interval is eliminated in the calculation of C as described in 6.3.1.3, its
influence on the calculated C becomes small. Also, in the charge test, C is calculated to be slightly smaller
due to temperature increase at initial charge, but this result will have little effect on the calculation.

1% dp; M dT

C= - =
PoPyRTYTy At popy Ty Ty dt

(A.18)
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Annex B
(normative)

Test method to determine and calibrate the volume of an
isothermal tank

B.1 Test|circuit
The test cirfuit shown in Figure B.1 shall be used.
1 2 34a 4 5 6 4b 7 8a8 9 10 8hi1l
12
1

i | |

| )

[ / %
Key
1 compressed gas source and filter
2 adjustable pressure regulator
3,7,and 11 |shut-off valve
5and 9 temperature measuring instrument
6and 10 pressure transducer
4 isothermal tank under test
4aand 4b |piping
8 reference tank (of a known Yolume)
8aand 8b [piping
12 barometer
NOTE Reference tank (ifémr’8) can be an isothermal tank of known volume to shorten time to reach st¢ady-
state conditipns.

Figure B.1 — Test circuit

B.2 General requirements

B.2.1 Volume V; of the isothermal tank includes the volume of piping 4a and 4b. Volume V; of the
reference tank includes the volume of piping 8a and 8b. These piping volumes shall be determined
separately, so that these data can be used with other tanks.

B.2.2 The volumes V; and V; of, respectively, the isothermal tank under test (item 4) and the reference
tank (item 8) shall be selected using Formula (B.1).

0,1<—1<10 (B.1)

S)es
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B.2.3 The location of the isothermal tank under test (item 4), the reference tank (item 8), the

temperature measuring instruments (items 5 and 9), and the pressure gauges (items 6

and 10) in

Figure B.1 may be changed. In that case, the references to the isothermal tank under test (item 4) and the
reference tank (item 8) in B.3.1 and B.3.3 shall be replaced with references to the reference tank (item 8)

and the isothermal tank under test (item 4).

B.2.4 Before conducting measurements, ensure that none of the components in Figure B.1,
to item 11, leak.

B.3 Measurement prm‘pdnrpc

from item 3

B.3.1 Close the first two shut-off valves in the circuit (items 3 and 7), and open the thind s}
(itemh 11). Set the pressure of the pressure regulator (item 2) at 700 kPa (7 bar), and-open th
off vlalve (item 3) to charge the air into the isothermal tank under test (item 4. After cha

sufficient time for the temperature and pressure in the tank to reach steady-stateyconditions,

B.3.2 Close the first and last shut-off valves (items 3 and 11). Measuré the atmospheric {
using the barometer (item 12), and measure the initial pressure, p,;, using the pressure gaug

1ut-off valve
e first shut-
rging, allow

ressure, p,,
re (item 10)

and |nitial temperature, T, using the temperature measuring instrument (item 9) in the reference tank

(iterh 8). Measure the initial pressure, p;;, using the pressure gauge (item 6) and initial temp
using the temperature measuring instrument (item 5) in the isothermal tank under test (iten

B.3.3 Open the second shut-off valve (item 7) to discharge air from the isothermal tan}
(item 4) into the reference tank (item 8). After charging, allow sufficient time for the temp
prespure in the tanks to reach steady-state conditions:

erature, Tj;,
h 4).

under test
erature and

ectively, and
'espectively,

in thlfe isothermal tank under test (item,4J)\and the reference tank (item 8).
B.3.5 Open the third shut-off valve (item 11) to discharge the air from the isothermal tank under test
(itemh 4) and the reference tankfitem 8) to the atmosphere.
B.4| Calculation oftank volume
Use [Formula (B.2)which is based on the formula of state, to calculate the volume of the|isothermal
tanl under test (dtem 4), V;.
Bs2 _Ps1
T, T,
2 s2 sl
(=0 (B.2)
(T T )
where
pi1 is theinitial pressure in the isothermal tank under test (item 4), in kPa;
pi s the pressure in the isothermal tank under test (item 4) when the second shut-off valve
(item 7) is opened and the temperature and pressure in the tanks reach steady-state condi-
tions, in kPa;
Ps; is theinitial pressure in the reference tank (item 8), in kPa;

© IS0 2019 - All rights reserved
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Ps, isthe pressure in the reference tank (item 8) when the second shut-off valve (item 7) is
opened and the temperature and pressure in the tanks reach steady-state conditions, in kPa;

T;; istheinitial temperature in the isothermal tank under test (item 4), in K;

T, isthe temperature in the isothermal tank under test (item 4) when the second shut-off valve
(item 7) is opened and the temperature and pressure in the tanks reach steady-state condi-
tions, in K;

1 Isthe initial temperature in the reference tank (item 8), in K;

T, isfthe temperature in the reference tank (item 8) when the second shut-off valve (item Z)[is
ofened and the temperature and pressure in the tanks reach steady-state conditionsNn’K;

V.  isfthe known volume of tank 8, in dm3.

B.5 Evalpation of measurement uncertainty of the volume of isothermal tank
(Type B df the GUM)

B.5.1 Measurand volume V;

Formula (B|3) relates the measurand V;, i.e. the quantity subject to mgasurement, and input quantities:

1
V.=V, P2 _Ps1 | Pir_Piz B.3)
TsZ Tsl Til Ti2
Vi=f(V.Ps1.P52 Ty Tip o P11 Pi2 Ty Ti ) B.4)

B.5.2 Ideptification of uncertainty of input quantities

According tp Formulae (B.3) and (B.4), the input quantities subject to measurement are:

a) V,volume of reference tank
— Ungertainty following ageuracy of measuring instrument: AV, = {1 %]}
b) p,and p; stagnation pressures of reference and isothermal tanks
— Un¢ertainty following accuracy of measuring instrument: *Ap_ = {#0,5 %}
— Ungertaintyfollowing accuracy of measuring instrument: +Ap; = {0,5 %}

c) T,and ] staghation temperature of gas in reference and isothermal tanks

£ 412
— =10y

Laal
I

> NI L1l - £ . - d b bt
— Un CIidIIty TUITIOWIITG dLlUul dly Ul IIITAdSUT ITg TS LT UITICIIL. =4 s

— Uncertainty following accuracy of measuring instrument: *AT; = {+1K}

All measurement instabilities are included in the previous limits of uncertainty. If it does not reflect
reality, this range of instability shall be added to the previous AT.

These input quantities are independent variables, and the sensitivity can be calculated.
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B.5.3 Sensitivity coefficient

Sensitivity coefficients are obtained from partial derivatives of the model function f with respect to
the input quantities. For the volume of the isothermal tank under test (item 4), the following can be

obtained by using Formulae (B.5) through (B.13), inclusive:

-1
I _[Ps2_Ps1|Pi_Pi2 for the input V, (B.5)
Ws \Ts2 Tst \ T Ti
af Vs [ Pr—Frs - f h (B.6)
| =—— | =< or the input p .
op1 T L T T J
F Vi(py P Y
[ _Ys|Pa_ P for the input pg, (B.7)
b, T\ Ty Tz
J P (Pn P2 )
<L=VS Lzl gLtz for the input T, (B.8)
0T Ta\Ta T
J PPy P2 )
I/ — Po|Pu Pz for the input 7,5 (B9)
aTsZ TS Ty Ty
5 V, (Po Pa Y Pu Po )
4L:__S Ds2 _Os1 o Fil T2 for the input p;; (B.10)
opi1 Tul\Te Ta \Ta T
F Vi(Pg P \Pa Po )
4i=_s Fs2 _ Fs1 i1 _ Fiz for the input Pi2 (Bll)
0pi; T\ T T \Ta Ti
o Vb (Pg Py Y B P Y
| =s_211 Isz2 _Usl o) B Fi2 for the input T}, (B.12)
0T, T5 (T Ta W% Ti
k) Vibio (P2 P Y Pi P2 |-
f = Shiz| P Pa | P Piz | for the input T, (B.13)
T}, T5 472 Ta \T1 Ty
B.5.4 Expression of absolute standard uncertainty
The pbselute standard uncertainty for the measured volume of the isothermal tank under test (item 4)
is giyen-by Formula (B.14):

of o of of of of of of
av =|av —|+|ap ——|+|ap, ——|+|aT ——|+|AT, ——|+|ap ——|+|Ap ——|+|AT ——|+|aT — (B.14)
aVS apsl apsZ aTsl aTSZ apil apiZ a’[;l 37;2
If the relative or percentage standard uncertainty is desired, it is given by Formula (B.15):
A,
AV;%=100 (B.15)
V.

1
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B.6 Example of test result

Figures B.2 and B.3 show the test result for the volume of an isothermal tank with a nominal volume of
20 dm3. Table B.1 shows an example of uncertainty calculation.

Figures B.2 and B.3 also show the test result of discharge from the isothermal tank under test to the
reference tank and vice versa. The volume of reference tank was measured in advance. In Figure B.2,
the pressure in the isothermal tank under test was set at about 790 kPa (7,9 bar), and in Figure B.3, the
pressure in the reference tank was set at about 655 kPa (6,55 bar). Initial pressures, p;; and p4, initial
temperatures, T;; and T, and the atmospheric pressure were measured. Pressures, p;, and p,, and
temperatures, T, and T,,, were measured 10 min after discharge. The volume of the isothermal tank

under test yj

vas calculated using Formula (B.1) based on the measured value.

. Measured result
Condjtion Calculated rdsult
Isothermal tank under test Reference tank
p;1 = 789,88 kPa (7,898 8 bar) ps1 = 100,90 kPa (1,009 bar)
Initial cgndition —
T;; =300,8K T,1=2999K
., =220,32 kPa (2,203 2 bar = 220,37 kPa (2,203 /7 bar
After dis¢harging Piz ( ) Ps2 ( ) V;=21,38 dn3
T, =298,5K T,,=300,5K

Pi1 = DPi2
Tiy—» Ty

DPs1™ Ps2

Tg—Ts;

Vi

Isothermal tank under test

V,=101,67 dm3
Atmospheric pressure = 100,836 kPa (1,008'36 bar)

Figure B.2

P
N

Reference tank

— Example of test result/(discharge from isothermal tank under test to reference tank)

Cond

ition

Measured result

Reference tank

Isothermal tank under test

Calculated result

Initial cpndition

Ps1 = 655,07 kPa (6,550 7 bar)
T,;=301,2K

Py = 100,97 kPa (1,009 7 bar)
T, =299 K

After discharging

Ps2 = 557,56 kPa (5,575 6 bar)

piz = 557,52 kPa (5,575 2 bar)

V, = 21,38 dip3

T, =3004K

T, =300,8K
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DPs1 ™ Ps2

Tsl - TsZ

Vs

i
/

V, = 101,67 dm3

Reference tank

Atmospheric pressure = 100,860 kPa (1,008 6 bar)

ISO 6358-

Isothermal tank under test

2:2019(E)

Figure B.3 — Example of test result (discharge from reference tank to isothermal tank

Table B.1 — Example of calculation of uncertainty

under test)

Input quantities Evaluation of measurenjent uncer-
Measured value Accuracy tainty of the volyme
3 3
Vs 101,67 dm *AV +0,1 dm af/aVS 0,210
+ + - 3
i Y 100,90 kPa *Apq *1 kPa of 9., 0,180 dm?/kPa
3
Ao | 22037 | kpa F op 0179 | dm?/kPa
. _ 3
h. | 78988 | kpa F op 0,038 | dm3/kPa
. 3
Bio 220,32 kPa af/apiz 0,038 dm3/kPa
T + + 3
» 2999 K £AT, +1 K oo, 0,060 | dm3/K
T. K -0,131 3/K
t, 300,5 ¥, 0,13 dm3/
K K 3/K
3 300,8 oo, 0,099 | dm3/
. _ 3
- 298,5 K o o, 0,028 | dm3/K
AV, 0,774 dm3
AV,% | 3,621%
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Annex C
(informative)

Isothermal tank stuffing

C.1 General

The tempegature change in the tank during charging and discharging the air can be regulated by
stuffing thg tank with material that has a large heat capacity. This allows the test conditions)te be kept
constant, apd the sonic conductance can be calculated by using a simple formula. Also, this-allow$ the
stabilizing fime of the temperature in the tank to be reduced, which results in shorter, testing time

C.2 Mass density and isothermal performance of stuffed material

Figure C.1 §hows the test results for temperature drop in tanks with insidé.volumes of 10, 20, 50} and
100 dm3, respectively, by changing the volume of stuffed material, in‘this case, copper wire with a
diameter of 50 um. The figure shows how the temperature drops in{the respective tank sizes wjth a
charge pregsure of 700 kPa (7 bar) during air release for approximately 15 s, which means a maxigjnum
rate of pregsure drop of approximately 100 kPa/s (1 bar/s). Table C.1 shows test results for a fank
volume of 5/dm3; the values of the heat capacity of copper wire-and air and the ratio between the vglues
have been ¢alculated and given for reference only. In orderto maintain the temperature drop within
3 K, use of d stuffed material with a mass density of 0,3 kg/dm3 or more is necessary.

Y
10
o a\ |
NEA N
(I
6
. VA
N
3
2
1
0 |
0 0,2 0,4 0,6 0,8 X
Key
X  stuffed mass [kg/dm3]
Y temperature drop [K]
o tankvolume 10 dm?3
o tankvolume 20 dm?3
A tank volume 50 dm3
< tank volume 100 dm3

Figure C.1 — Influence of the mass of stuffed material on temperature drop
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Table C.1 — Temperature drop with copper wire stuffed material

ISO 6358-2:2019(E)

ol\f’l:ss d:lfl‘sﬂ;itlye Percentage of | Heat capacity of | Heat capacity of | Ratio of heat Temperature
s tuffeI()ipmaterial stuffed volume | copper wire air (at 700kPa) | capacities of drop
[kg/dm?] [%] /K] /K] copper and air [K]
0,399 4,47 % 770,0 39,86 19,3 1,3
0,349 391 % 673,8 40,09 16,8 1,9
0,299 3,35 % 5775 40,33 14,3 2,5
0,250 2,79 % 481,3 40,56 11,9 3,0
0,200 2,24 % 385,0 40,79 9,4 5,5
0,150 1,68 % 288,8 41,02 7,0 7,7
0,100 1,12 % 192,5 41,26 4,7 15,4
0,050 0,56 % 96,3 41,49 23 28,5
0,000 0,00 % 0,0 41,72 0,0 45,8
C.3| Stuffed material

C3.1

Table C.2 shows the temperature drop when the test isiconducted with 4 kg of coppler wire and

stairjless steel wire with diameters of, respectively, 30 um and 50 pm stuffed at 0,40 kg/dm3 in a tank

with|an inside volume of 10 dm3. The test is conducted undeérthe same conditions as above.

C3.2

Table C.2 — Temperaturedrop with metallic wire

Wire diameter
Wire material
30 pm 50 pm
Copper 1,5K 1,8K
Stainless steel — 1,1K

Table C.3 shows the temperature drop when the test is conducted with polyestef fibre with

dianpeter of 20 um to 50 pm,stuffed into a tank with a volume of 5 dm3. When the density of the stuffed
matgrial is 0,04 kg/dm3 or.mere, the temperature drop will be 3 K or less.

Table C.3 — Temperature drop with polyester fibre

t it ercentaseof, Hoat capaciy o Heat capaciyafair | Racootheat | Tenperature
haterial capacities of p
e /dn] [%] [/K] /K] fibre and air [K]
0,08 58 % 5376 39,31 13,7 1,5
0,04 2,9 % 268,8 40,52 6,6 2,3
0,02 1,5 % 134,4 41,12 3,3 6,2
0,00 0,0 % 0,0 41,72 0,0 45,8

C.3.3 Pellets made of materials such as porous glass or ceramic may also be used as stuffed material.

© IS0 2019 - All rights reserved
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D.1 Purpose

Annex D
(informative)

Test method to determine isothermal performance

The purpog
temperatur
D.2 Test
The test cir

The sonic d
accordance

D.3 Test

D.3.1 Set
the tank in {

D.3.2 Clos
transducer
in the tank

D.3.3 Op¢g
pressure ch
pressure trg

e of the gas from changing by more than 3 K.

cuit shown in Figure 1 shall be used. In addition, a timer that is capable of setting time]
opening andl closing the solenoid valve shall be installed.

e of this test is to determine if the isothermal tank and its stuffing material Keep

circuit

onductance of the component under test and volume of the tank shall be determine
with Formula (1) in 5.4.3.

procedure

e the shut-off valve (item 3) and measure the initial pressure, p;;, using the preg
(item 16) and initial temperature, T(j,using the temperature measuring instrument (ite
item 4).

n the solenoid valve (item~13) for 0,5 s using the electrical control mechanism. D
ange during discharge afidreturn to the steady-state condition in the tank (item 4) usin

nsducer (item 16), and record it using the digital recorder (item 15) as shown in Figure
Y4
Pi1

\

Pi3

the

s for

d in

the initial tank pressure at 700 kPa (7 bar) using the pressure regulator (item 2) and leave
his state until the temperature and pressuredn'the tank reach the steady-state condition.

sure
m 5)

btect
b the
D.1.

D.o
T

0 X
Key
X time
Y pressure
a2 Time on valve closed.
Figure D.1 — Pressure response when stopping discharge
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D.3.4 After the discharge, allow sufficient time for the pressure in tank (item 4) to reach a steady-state
level. Then, record the stabilized pressure, p;3, and the pressure, p;,, when the solenoid valve (item 13)
is closed.

D.3.5 Use Formula (D.1), which is based on Charles’ Law, to calculate the average temperature, Tj,, in
the tank at the time of closing the solenoid valve:

Pip

Ty =Ty — (D1)
Pi3
whefe
[, isthe initial temperature, in K;

b, is the pressure when the solenoid valve is closed, in kPa; and

b3 is the stabilized pressure, in kPa.

D.3.6 Increase the opening time of the solenoid valve by 0,5 s (i.e. to\l-s) as stated in D.3.3} and repeat
D.3.1 through D.3.5 until the pressure in the tank is completely discharged.

D.4| Confirmation of isothermalization

Plot|the average temperature in the tank obtained in_D:3.5 in graphical form. Figure D.2 shows the
exarpple described from Table C.2. A temperature drop within 3 K produces a maximuin deviation
of 0,56 % in the conductance, C,. Thus, if the temperature drop is within 3 K, the tank volume can be
condidered as an isothermal volume.

© IS0 2019 - All rights reserved 31


https://standardsiso.com/api/?name=4d76571e383432a34e2eda9429a37c16

ISO 6358-2:2019(E)

32

800
700 @
600
500
400
300
200

time [s]
pressuré

wire diameter 30 um

[kPa]

temperEre [K]

wire diameter 50 um

100

>V

10 15

290
289
288
287 ¢
286
2850
284
283

282 =
10

[»]

(0]

Figure D.2 -“~Influence of wire diameter on isothermal performance
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