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committee has been established has the right to be represented on that committee. International 

The main task of technical committees is to prepare International Standards. Draft International 

casting a vote.

.

standards whose scopes were not included in ISO 6358:1989.

:

—

—

—
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C b

requires the use of four parameters (C b m pc

C,

b

corresponds to the ratio of downstream to upstream stagnation pressures.

m
m

characteristic parameters C and b m
C b m.

pressure to better accommodate the different component models. The difference between stagnation 

and piping determined in accordance with this part of ISO 6358 or ISO 6358-1.

It should be noted that performance characteristics measured in accordance with this edition of ISO 6358 
will differ from those measured in accordance with ISO 6358:1989.
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Part 2:

or components that have a cracking pressure such as non-return (check) valves and quick-exhaust 

ISO 6358-1 does provide such a method.

Table 1

Directional control valves

Flow control valves

Connectors

Valve manifolds

Filters and lubricators no no no

Non-return (check) valves no no no

Tubes and hoses no no no

Silencers and exhaust oil mist 
separators

no no

no no

Quick-exhaust valves no no

no no

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

presentation of results.
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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
Annex C. Requirements for a method to test isothermal performance are given in Annex D
on the equation for calculating characteristics is given in Annex E
characteristics is given in Annex F.

Table 2.

a

5.5.2 Time t T s s

5.4.3 Tank volume L3 m3 dm3

a

Table 3.

3 Tank conditions

4.3 Figures 1 and 2 are in accordance with ISO 1219-1.
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A suitable test circuit as shown in Figure 1 shall be used for the discharge test. See 5.3.5.

p3

p1 p21 2 3

4

13

7

12

98

14

15

16

11

5

6 10

NOTE See Table 4

A suitable test circuit as shown in Figure 2 shall be used for the charge test.

17 13

76 98

14 15

11 12
183

4

16 p3

p2p1

10

5

NOTE See Table 4

© ISO 2013 – All rights reserved 3



1 5.3.2
test

2 -
test

3 - Shut-off valve

4 5.4 Tank

5 - Temperature-measuring instrument

6 5.3.7 Upstream pressure-measuring tube

7 5.3.7 Upstream transition connector

8 - Component under test

9 5.3.7 Downstream transition connector

10 5.3.7 Downstream pressure-measuring tube

11 5.3.10 Pressure transducer

12 5.3.10 Pressure transducer

13 5.3.4 and 5.3.9 Flow control solenoid valve (optional) The sonic conductance of this 

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 test

The component under test shall be installed and operated in the test circuit in accordance with 
the manufacturer’s operating instructions.

5.3.3 A test set-up shall be constructed from the items listed in Table 4
16 are required for the discharge test. Items 3 through 12 and 14 through 18 are required for the charge test.

5.3.4
control solenoid valve (item 13) upstream of pressure-measuring tube (item 6) in order to start the test.

5.3.5
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 

Figures 1 and 
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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.

5.3.7 The pressure-measuring tubes (items 6 and 10) and the transition connectors (items 7 and 9) 

in the pressure-measuring tubes because the temperature is measured in the tank.

5.3.8

5.3.9
transient time at the beginning of test data collection.

Figure 3 and consist of the components listed in 
Table 5 Table 6.

pneumatic containers.

The ratio of the height of the tank to its diameter should not exceed 2:1.
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a Measuring ports (temperature and pressure)

b Source port

c Flow port

1 Lid

2

3

4 Flange fastener (nut and bolt)

5 Metal net See 5.4.2.

6 Stuffed material See 5.4.2.

7 Drain valve
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V,
 in m3

m shall be stuffed in the tank at a 
kg/m3.

NOTE The equivalent diameter means the diameter of the cross-sectional area of a noncircular shape 
assumed as equivalent to the diameter of the cross-sectional area of a circular shape.

It is desirable that a suitable frame supports the stuffed material to prevent it from leaning inside the 
tank. Further information is given in Annex C.

3 should be calculated using Formula (1):

V C≥ ×5 105 (1)

where

C 3

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

The digital recorder shall be set to sample pressure at a time interval determined in accordance 

charge tests. These criteria have an effect on the calculations performed in 6.3.

— For discharge tests:
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Δt V
C

≈ × −2 5 10 8, (2)

— For charge tests:

Δt V
C

≈ × −1 5 10 8, (3)

where

t

C 3

3.

manufacturer of the component under test.

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 conditions variation” of Table 7.

Table 7.

Volume -

Time -

Upstream pressure

Downstream pressure

Tank pressure

Temperature ±1 K ±3 K

while taking measurements to ensure there is no inadvertent movement of component parts.
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units selected from a random production lot shall be tested in accordance with the following procedures.

Either the procedure described in 6.2.3 or the procedure described in 6.2.4 shall be selected in accordance 
with the scope of this part of ISO 6358.

valve (item 3) to charge air into the tank (item 4). Leave the tank in this state until temperature and 

p3

T3

atmospheric pressure using the barometer (item 14).

Open the component under test (item 8) or the solenoid valve (item 13) to discharge air from 
p3 p1

p2

record the values using the digital recorder (item 15) as shown in Figure 4. If the downstream transition 

p2.
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2

a b

3

1

4

X

Y

X time

Y pressure

1 upstream pressure

2 downstream pressure

3 pressure in the tank

4 atmospheric pressure

a

b

p1

p1

start the test.

p3

T3

Open the component under test (item 8) or the solenoid valve (item 13) to charge the air from 
p3 p1

p2

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

4

a

2

1

3

X

Y

X time

Y pressure

1 upstream pressure

2 downstream pressure

3 pressure in the tank

4 atmospheric pressure

a

b

p  when a solenoid valve 13 is used to start the test. 
p1

start the test.
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C

p3

using Formula (4).

p pj i
i j

i j
' ( ) ( )3 3

10

10
1

21
=

= −

= +

∑ (4)

where

p3(i) i n

p’3( j) j n

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

Ce j over the measured region shown in Figure 4 for the 
Figure 5

versus the pressure ratio on the graph as shown in Figures 7 or 8:

— for discharge test

C
V p p

p R t T Tj
j j

j
e

3
( )

( ) ( )

( )

' '
=

−( )− +3 10 3 10

1 0 020 ρ Δ
(5)

— for charge test
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C
V p p

p R t T Tj
j j

j
e

3
( )

( ) ( )

( )

' '
=

−( )+ −3 10 3 10

1 0 020 ρ Δ
(6)

where

Ce( j) 3 j n
Figure 6

p1( j)

p’3( j-10)

p’3( j+10)

3

R R

0 3

T0

T3

t is the time interval for sampling pressure determined in 5.5.2

1 10 20 30

111213

21 22 23

Measured pressure p3(i)
n

… .

n-10

n-20

i=1,2,…, n

Smoothing pressure p’3(j)

j=11,12,…, n-10

Conductance C e(j)

j=21,22,…, n-20

j in C i

C

C Ce

in Figures 7 or 8

If the Ce

6.2.3.1 through 6.2.3.3 at 
Kp and C

accordance with 6.3.3.
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a

0
1

C

X

Y

X back-pressure ratio p2/p1

Y conductance Ce

a saturated region

a

0 1

C

X

Y

X back-pressure ratio p2/p1

Y conductance Ce

a saturated region

b m

b m
p2/p1 Ce/C

determined in 6.3.1. See Annex F
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C
C

p
p

b

b

m

e = −
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

⎧

⎨

⎪
⎪

⎩

⎪
⎪

⎫

⎬

⎪
⎪

⎭

⎪
⎪

1
1

2

1

2

(7)

m, calculated in 6.3.2.1

b 6.3.2.1 m

K

Taking Cmax

as shown in Figure 9 using the test result stated in 6.2.3

Kp. When selecting a conductance 
Kp

K

C
C

p pp

low

low

=
−

−

1

1 1

max

max

(8)

where

p1low is the lower upstream pressure of the linear dependence.
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b c
0

1

a

3

12

4

X

Y

X upstream pressure p1

Y conductance ratio Ce/Cmax

1

2 second point on the line

3 correlative line

4 test results

a conductance ratio Clow/Cmax

b upstream pressure p1low

c upstream pressure p1max

for each characteristic listed in 7.3 shall be reported.

7.3
accordance with 6.3

C

b

m

Kp p1max

Cmax at the upstream pressure value p1max.
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e) From these characteristics the performance of the component can be predicted using Formulae (E.1) 
and (E.2) of Annex E of ISO 6358-1 and compared.

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

 (reference to this part of ISO 6358)

with this International Standard:

“Flow-rate characteristics of pneumatic components determined in accordance with the discharge 

”
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Annex A
(informative)

results or is in relation with non-independent variables.

C

Ce

C Ce

of the conductance during the charge or discharge test can be expressed using either Formulae (E.3) or 

C sign
p

T
T

V
RT

dp
dt

f p T V
dp
dte = =( ) ( , , , )

1

0 1

3

0 3

3
1 3

3

ρ
(A.1)

a) p1 – upstream stagnation pressure

p1

p1

b) T3 – upstream stagnation temperature

T3 = ±1 K
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It must be noted here that all measurement instabilities are included in the previous limits of 
T

the temperature variation (decreasing in the discharge case or increasing in charge case) must be less 

c)  – volume of isothermal tank

Uncertainties will follow the evaluation of Formula (B.14)

d) dp3/dt – change in pressure in the tank

f with respect to the 
Ce:

∂
∂

=f
p p

T
T

V
RT

dp
dt1 0 1

2
3

0 3

31

ρ
 for the input p1 (A.2)

∂
∂

=f
T

p T
T

V
RT T

dp
dt3

0 1
3

0

3 0

31

2ρ
 for the input T3 (A.3)

∂

∂⎛
⎝
⎜

⎞
⎠
⎟

=f
dp
dt

p
T
T

V
RT3 0 1

3

0 3

1

ρ
 for the input 

dp
dt

3 (A.4)

Ce

Δ Δ Δ ΔC p f
p

T f
T

dp
dt

f
dp
dt

e = ∂
∂

+ ∂
∂

+ ∂

∂⎛
⎝
⎜

⎞
⎠
⎟

1
1

3
3

3

3

(A.5)

Δ
Δ

C
C

Ce
e

e

% = 100 (A.6)

C

C

C Ce

p2/p1. These curves show 
6.3.1.3 of this 

part of ISO 6358.
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C
n

Ci
i

n
=

=
∑1

1

(A.7)

where

n n

Ci is the result of data measurement at i.

sc Ci

s
C C

n

i
i

i n

c =

−( )

−
=

=

∑ 2

1

1
(A.8)

This experimental standard deviation of the sonic conductance measurement can be taken as an 

b
m

b m
b and m

C
C

p
p

b

b

m

e = −
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

⎧

⎨

⎪
⎪

⎩

⎪
⎪

⎫

⎬

⎪
⎪

⎭

⎪
⎪

1
1

2

1

2

(A.9)

y
C
Ci = e (A.10)

© ISO 2013 – All rights reserved



x
p
pi

i

i
= 2

1

,

,

(A.11)

δ i i
i

m

y x b
b

= − −
−
−

⎛
⎝
⎜

⎞
⎠
⎟

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
1

1

2

(A.12)

of b and m can be to use the NLLSQ with the minimum and maximum values of C found in A.3.2.

b and m

limits associated with the NLLSQ calculation results from maximum and minimum sonic conductance 

C s NLLSQ b m C−{ } → →[ ]c ,
min

(A.13)

C s NLLSQ b m C−{ } → →[ ]c ,
max

(A.14)

values attributable to these measurands are the two values: Δb
max

 and Δm
max

. These values are now 

b b± Δ
max

 for the critical back-pressure ratio

(A.15)

m m± Δ
max

 for the subsonic index 

(A.16)

NOTE These calculations show that:

C

b and 
m

C b m can compensate to give an 

© ISO 2013 – All rights reserved



pressure in the tank from dp3/dt C from the discharge and charge tests 
when the tank volume varies is shown in Figure A.1. The abscissa is /C

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 

/C 5 5.4.3 C b m due to tank volume are minimised.

-2

-1,5

-1

-0,5

0

0,5

1

1,5

2

0 5 10 15 20

σ

-σ

×10
5

X

Y

X /C 3

Y C
discharge test

mean

charge test

mean

C

C
C C

1

2 2
3

3 3

3

ΔT
T T

T
ISO( ) =

−'

% (A.17)
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Formula (A.1) of the discharge test ignores the temperature change of the isothermal tank as described 
in Annex E

M
dT/dt will become the maximum value when the 

C

C as described in 6.3.1.3
on the calculated C C

C V
p R T T

dp
dt

M
p T T

dT
dt

= −
ρ ρ0 1 0 3

3

0 1 0 3

(A.18)
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Annex B
(normative)

The test circuit shown in Figure B.1 shall be used.

1 2 3

12

9 1087 115 64 4b4a 8a 8b

1

2

shut-off valve

5 and 9 temperature measuring instrument

6 and 10 pressure transducer

4 isothermal tank under test

4a and 4b piping

8 reference tank (of a known volume)

8a and 8b piping

12 barometer

Volume i of the isothermal tank includes the volume of piping 4a and 4b. Volume s of the 
reference tank includes the volume of piping 8a and 8b. These piping volumes shall be determined 

The volumes i and s

tank (item 8) shall be selected using Formula (B.1).

0 1 10, ≤ ≤i

s

(B.1)

Figure B.1
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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).

Figure B.1

pa

ps1

Ts1

pi1 Ti1

using the temperature measuring instrument (item 5) in the isothermal tank under test (item 4).

B.3.3 Open the second shut-off valve (item 7) to discharge air from the isothermal tank under test 

B.3.4 pi2 and ps2

Ti2 and Ts2

in the isothermal tank under test (item 4) 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 
(item 4) and the reference tank (item 8) to the atmosphere.

i.

V V

p
T

p
T

p
T

p
T

i s

s2

s2

s1

s1

i1

i1

i2

i2

=
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

(B.2)

where

pi1

pi2 is the pressure in the isothermal tank under test (item 4) when the second shut-off valve (item 7) is 

ps1

ps2 is the pressure in the reference tank (item 8) when the second shut-off valve (item 7) is opened and the 

Ti1
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Ti2 is the temperature in the isothermal tank under test (item 4) when the second shut-off valve (item 7) is 

Ts1

Ts2 is the temperature in the reference tank (item 8) when the second shut-off valve (item 7) is opened and 

s 3.

Vi

Formula (B.3) relates the measurand 

V V
p
T

p
T

p
T

p
Ti s

s2

s2

s1

s1

i1

i1

i2

i2

= −
⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

−1

(B.3)

V f V p p T T p p T Ti s s1 s2 s1 s2 i1 i2 i1 i2= ( ), , , , , , , , (B.4)

a) s volume of reference tank

s

b) ps and pi stagnation pressures of reference and isothermal tanks

ps

pi

c) Ts and Ti stagnation temperature of gas in reference and isothermal tanks

T.

f with respect to the 

∂
∂

= −
⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

V
p
T

p
T

p
T

p
Ts

s2

s2

s

s1

i1

i1

i2

i2

1

1

 for the input s (B.5)

∂
∂

= − −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

p
V
T

p
T

p
Ts1

s

s1

i1

i1

i2

i2

1

 for the input ps1 (B.6)
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∂
∂

= −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

p
V
T

p
T

p
Ts2

s

s2

i1

i1

i2

i2

1

 for the input ps2 (B.7)

∂
∂

= −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

T
V

p
T

p
T

p
Ts1

s
s1

s1

i1

i1

i2

i2
2

1

 for the input Ts1 (B.8)

∂
∂

= − −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

T
V

p
T

p
T

p
Ts2

s
s2

s2

i1

i1

i2

i2
2

1

 for the input Ts2 (B.9)

∂
∂

= − −
⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

p
V
T

p
T

p
T

p
T

p
Ti1

s

t1

s2

s2

s

s1

i1

i1

i2

i2

1

2

 for the input pi1 (B.10)

∂
∂

= −
⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

p
V
T

p
T

p
T

p
T

p
Ti2

s

i2

s2

s2

s1

s1

i1

i1

i2

i2

2

 for the input pi2 (B.11)

∂
∂

= −
⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

T
V p

T
p
T

p
T

p
T

p
Ti1

s i1

i1
2

s2

s2

s1

s1

i1

i1

i2

i2

2

 for the input Ti1 (B.12)

∂
∂

= −
⎛

⎝
⎜

⎞

⎠
⎟ −
⎛

⎝
⎜

⎞

⎠
⎟

−
f

T
V p

T
p
T

p
T

p
T

p
Ti2

s i2

i2
2

s2

s2

s1

s1

i1

i1

i2

i2

2

 for the input Ti2 (B.13)

Δ Δ Δ Δ Δ Δ ΔV V
f

V
p

f

p
p

f

p
T

f

T
T

f

T
i s

s

s1

s1

s2

s2

s1

s1

s2

s2

=
∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
+ pp

f

p
p

f

p
T

f

T
T

f

T
i1

i1

i2

i2

i1

i1

i2

i2

∂

∂
+

∂

∂
+

∂

∂
+

∂

∂
Δ Δ Δ (B.14)

Δ Δ
i

i

i

% = 100 (B.15)

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

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

Figure B.3
pi1 and ps1

Ti1 and Ts1 pi2 and ps2

Ti2 and Ts2

under test was calculated using Formula (B.1) based on the measured value.
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pi1→  pi2 

Ti1 → Ti2
 

Vi
 

Isothermal tank under test  Reference tank  

ps1→  ps2 

Ts1 → Ts2 

Vs
 

Initial condition

pi1

Ti1

ps1

Ts1

After discharging

pi2

Ti2

ps2

Ts2

i 3

s 3

 
Isothermal tank under test

Reference tank

pi1→  pi2 

Ti1
 
→ Ti2

 
Vi 

ps1→  ps2 

Ts1 → Ts2 

Vs 

Initial condition

ps1

Ts1

pi1

Ti1=299 K

After discharging

ps2

Ts2

pi2

Ti2

i 3

s 3
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s dm3 s dm3 ∂ ∂f Vs

ps1 kPa ps ±1 kPa ∂ ∂f ps1 dm3/kPa

ps2 kPa ∂ ∂f ps2 dm3/kPa

pi1 kPa ∂ ∂f pi1 dm3/kPa

pi2 kPa ∂ ∂f pi2 dm3/kPa

Ts1 K Ts ±1 K ∂ ∂f Ts1 dm3/K

Ts2 K ∂ ∂f Ts2 dm3/K

Ti1 K ∂ ∂f Ti1 dm3/K

Ti2 K ∂ ∂f Ti2 dm3/K

Δ i dm3

Δ i %
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Annex C
(informative)

Figure C.1
100 dm3

Table C.1 shows test results for a tank volume 
of 5 dm3

3
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X 3

Y

tank volume 10 dm3

tank volume 20 dm3

tank volume 50 dm3

tank volume 100 dm3

3
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Table C.2 shows the temperature drop when the test is conducted with 4 kg of copper wire and 
3 in a tank with an 

inside volume of 10 dm3. The test is conducted under the same conditions as above.

Copper

Stainless steel —

Table C.3
3

3

3

C.3.3
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Annex D
(informative)

The test circuit shown in Figure 1
opening and closing the solenoid valve shall be installed.

NOTE The sonic conductance of the component under test and volume of the tank shall be determined in 
accordance with Formula (1) in 5.4.3.

Set the initial tank pressure at 700 kPa (7 bar) using the pressure regulator (item 2) and leave the 

pi1

Ti1

in the tank (item 4).

D.3.3

Figure D.1.
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pi1

pi3

pi2

0

a

X

Y

X time

Y pressure

a time on valve closed

D.3.4
pi3 pi2

D.3.5 Ti2

the tank at the time of closing the solenoid valve:

T T p
pi2 i1

i2

i3

= (D.1)

where

Ti1

pi2

pi3

D.3.6

Plot the average temperature in the tank obtained in D.3.5 in graphical form. Figure D.2 shows the 
example described from Table C.2. A temperature drop within 3 K produces a maximum deviation 

Ce

considered as an isothermal volume.
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(informative)

Consider Figure E.1 as a model of the test circuit in Figure 1. The pressures in a discharge process are shown 
in Figure 4. The volume of the upstream pressure-measuring tube has been ignored because it is much 

qm

q V
RT

dp
dtm

3

= − 3 (E.1)

V

Tank 4

T3

p1

qm

p2p3

Component under test 8

qm

qm

q C p
T
Tem = ρ0 1

0

3

(E.2)

where

Ce is the conductance of the component under test.

Ce

C V
p R T T

dp
dte

3

= −
1 0 0

3

ρ
(E.3)

Formula (5) in 6.3.1.2 Ce

C
Ce Figure 7.
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b m

b m
Ce C

Formula (E.5) and the least-square method.

q C p
T
T

p
p

b

b

m

m = −
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

⎧

⎨

⎪
⎪

⎩

⎪
⎪

⎫

⎬

⎪
⎪

⎭

⎪
⎪

ρ0 1
0

3

2

1

2

1
1

(E.4)

C
C

p
p

b

b

m

e = −
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

⎧

⎨

⎪
⎪

⎩

⎪
⎪

⎫

⎬

⎪
⎪

⎭

⎪
⎪

1
1

2

1

2

(E.5)

Consider Figure E.2 as a model of the test circuit in Figure 2. The pressures in a charge process are shown 
in Figure 5. The volume of the downstream pressure-measuring tube has been ignored because it is much 

qm

q V
RT

dp
dtm =

3

3 (E.6)

V

Tank 4

p1

qm

p2 p3

Component under test 8

T3
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qm

qm

q C p
T
Ta

m e= ρ0 1
0 (E.7)

where

Ce

Ta is the atmospheric temperature.

T3 Ta

Ce

C V
p R T T

dp
dte =

1 0 0 3

3

ρ
(E.8)

Formula (6) in 6.3.1.2 Ce

C
Ce Figure 8.

b m

b m
Ce C

q C p
T
T

p
p

b

b

m

m
a

= −
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

⎧

⎨

⎪
⎪

⎩

⎪
⎪

⎫

⎬

⎪
⎪

⎭

⎪
⎪

ρ0 1
0

2

1

2

1
1

(E.9)

C
C

p
p

b

b

m

e = −
−

−

⎛

⎝

⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟

⎧

⎨

⎪
⎪

⎩

⎪
⎪

⎫

⎬

⎪
⎪

⎭

⎪
⎪

1
1

2

1

2

(E.10)
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Annex F
(informative)

b
m

b m
xi = p2/p1 i = Ce/C. N points are measured in the 

Table F.1.

p /p Ce/C
x1 1

x2 2

xN N

C
C

x b
b

i
m

e = −
−
−

⎛
⎝
⎜

⎞
⎠
⎟

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
1

1

2

(F.1)

Determine b and m E

i Ce/C, or 1 1
2

− −( ) −( ){ }⎡
⎣⎢

⎤
⎦⎥

x b bi

m
/

xi i
obtained in 6.3.1.2 and 6.3.1.3. An example calculation is shown in F.2.

δ i i
i

m

y x b
b

= − −
−
−

⎛
⎝
⎜

⎞
⎠
⎟

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
1

1

2

(F.2)

E y
x b

b
yi

i

m

= = − −
−

−
+ − −

=
∑ ⎛

⎝⎜
⎞
⎠⎟

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

δ 2

1

1
1

2
2

21
1

1

N xx b
b

y
x b

b

m

2
2

2

1
1

1

−
−

+ + − −
−

−
⎛
⎝⎜

⎞
⎠⎟

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

⎛
⎝⎜

⎞
⎠⎟N

N
22

2

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

m

(F.3)

Solver is a function available in the software program Microsoft Excel. Using assumed initial values for 
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b m

p2/p1 Ce/C Table F.1 in the cells from 
C4 and D4 until the end of the data (see Figure F.1). Enter Equation (F.2) in the cells from E4 until the end 
of the data to calculate the difference between the measured conductance ratio and calculated conductance 
ratio. Enter the squared column E in the cells from F4 until the end of the data to calculate the squared 

values of b (in cell A4) and m
b in cell A4 and for m in cell B4 as initial values.

Pressure data in the region close to the atmospheric pressure level could result in pressure ratios greater 
Figure F.2. Data that result in 

pressure ratios greater than 1 can be ignored.
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1

2

2

a b

3

1

4

X

Y

5

X time

Y pressure

1 upstream pressure

2 downstream pressure

3 pressure in the tank

4 atmospheric pressure

5 crossing

a

b

Start Solver (see Figure F.3) as follows:

Figure F.3.

The values in cells A4 and B4 are varied (see Figure F.4 b and m are obtained.
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b m
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