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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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task of technical committees is to prepare International Standards. Draft Internati
adopted by the technical committees are circulated to the member bodies for vof
| as an International Standard requires approval by at least 75 % of the member bo
hte.
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1 was prepared by Technical Committee ISO/TC 23, Tractors aitd machinery for agricul
y, Subcommittee SC 18, Irrigation and drainage equipment and.systems.

consists of the following parts, under the general title Ifrigation equipment — Safety dev
jtion:

Small plastics valves for chemigation
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INTERNATIONAL STANDARD
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Irrigation equipment — Safety devices for chemigation —

Part 1:
Small plastics valves for chemigation

1

Thi
use
syst

It if
pre

watler into an upstream potable water distribution system, whenever the-pressure in the lat

tha

It is
of P

2

Thd
ind
refq

ISO
and

ISO

3

For

Scope

5 partof ISO 13693 specifies the general requirements and test methods for small plasties-bo
1 for chemigation, hereinafter referred to as “the device”, intended for operation in irri
ems which may contain fertilizers and chemicals of the type and concentratiofitised in ag

applicable to controllable safety devices (also known as backflow preventers) with
ssure zone (RPZ), intended to prevent backflow by back-siphonage or backpressure o

h that in the system located downstream.

applicable to such devices of nominal size up to and includifag DN 50 (2”), with a nomin
IN10, that are capable of working without modification or-adjustment

at any pressure up to 1 MPa (10 bar),
with any pressure variation up to 1 MPa (10 bar);and

in permanent duty at temperatures up to 45;°C and for 1 h at 65 °C.

Normative references

following documents, in whole or'in part, are normatively referenced in this docume

7-1, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimensions
designation

9635-1, Agricultural irrigation equipment — Irrigation valves — Part 1: General requireme

Terms@nd definitions

thepurposes of this document, the terms and definitions given in ISO 9635-1 and the follo

died valves
bation pipe
riculture.

a reduced
[ irrigation
er is lower

h] pressure

nt and are

spensable for its application.”For dated references, only the edition cited applies. F¢r undated
rences, the latest edition ofithe referenced document (including any amendments) appligs.

%)

tolerances

nts

ving apply.

3.1

controllable safety device with a reduced pressure zone
controllable safety device with RPZ

device containing two independently-acting check valves (3.7) together with a hydraulically operated,
mechanically independent pressure relief valve located between the check valves

3.2
bac

kflow

flow against the intended direction of flow

3.3
bac

k-siphonage

backflow (3.2) due to a reduction in system pressure, which causes a sub-atmospheric pressure at a site
in the system

© IS0 2013 - All rights reserved
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3.4

backpressure

elevation above the supply pressure of the pressure downstream in a piping system which could cause
areversal of the flow from its intended direction

3.5

nominal pressure

PN

maximum static water pressure, immediately upstream of a small plastics valve used for chemigation
(3.6), at which the valve is required to operate

3.6
chemigatipn
applicatior] of any chemical through an irrigation system

3.7
check valye
valve which automatically opens by fluid flow in a defined direction and which autdnratically closégs to
prevent fluid flow in the reverse direction

4 Classjfication

The nominpl and connection sizes of the device shall be in accordanee with Table 1.

Table 1 — Connection sizes of threaded and flanged devices

Lo
(=]

Nominal size DN, mm 8 10 15 20 25 32 40

Nominal djameter of threaded connections
(in accordapce with ISO 7-1), inches

1/420°3/8 | 172 | 3/4 | 1 | 1% | 1% | P

wa
o

Nominal djameter of flanged connections, mm — — — — — — 40

5 Designation

The device[shall be designated as follows:
a) type;
b) nominpl size (DN) (see/Table 1);
¢) nominpl pressure (PNJ;

d) connegtion type;

e) type of plastics material (generic);

f) reference to this part ot ISU 13693.

6 Materials

The manufacturer shall state, in the technical and sales literature on the device, the types of materials
from which the device is made.

The device shall be corrosion-resistant.

The materials from which the device is manufactured shall be compatible with chemicals normally used
in irrigation systems.

2 © IS0 2013 - All rights reserved
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Where the device may come into contact with potable water, the device and the materials from which it
is manufactured shall comply with national standards for potable water.

7 Design requirements

7.1 General

The design characteristics (see Figure 1) of the device shall be as follows:

a) three pressure zones — upstream, intermediate and downstream — such that the pressure, Pq, in
the upstream zone is greater than the pressure, Pj, in the intermediate zone, which is'gfeater than
the pressure, P, in the downstream zone, under static (no flow) and flow conditions;

b) [P1 - P;> 14 kPa (140 mbar);
c) |intermediate pressure zone connected to the atmosphere, when P — Pj < A4’kPa (140 mbar);

d) |intermediate pressure zone disconnected from the atmosphere, when Py < 14 kPa (140 mbar);
e) |minimum set discharge flow (backflow rate);

f) |allows verification, in every zone, of disconnection and sealing of the protection devices (pbturators,
discharge valves).

Key
upstream pressure (P1) zone
intermediate pressure (P;).Zone

downstream pressure (Ry)Zone
upstream check valve
downstream checkKvalve

relief valve

pressuretap orifice

R0 N O U AW DN

funnel

QO

Upstream.

b Downstream.

Figure 1 — Design principle

The internal components of the device shall be accessible for inspection, repair or replacement. These
operations shall be possible even when the device is installed. The components shall be able to be
replaced without removing the device, without ambiguity (impossibility of reversal or interchange of
obturators, diaphragms, springs, etc.). A visible mark is not sufficient.

The settings of the springs shall be fixed and not adjustable.

Only the water pressure of the supply network shall be able to operate the control of the internal
components of the device.

© IS0 2013 - All rights reserved 3
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Possible additional control devices (electric, pneumatic, etc.) shall not adversely affect the backflow
protection function.

The device shall be installed horizontally, except where the manufacturer states that it can also be
installed in the vertical position. The tests shall be carried out in the prescribed position.

7.2 Relief valve

When the differential pressure between the upstream and downstream check valves is less than 14 kPa
(140 mbar), the relief valve shall be open to ensure positive safety (draining the intermediate pressure
zone to th

atmosnhere)
i 7

The intern 1t of

the relief v

h] vertical distance, h (in the disconnected position), between the highest point of the'se:
hlve and the lowest point of the seat of the upstream check valve (see Figure 2) shall'be

h =5 mm, for DN <15, and

h =10 mm, for 15 < DN < 50.

a

Upstre

Downs

In all insta
the interm

The cross-
dimension

A device fif
The funnel
directl

— factory

[ream.

Figure 2(— Relief valve

lation positions indicated by the manufacturer, no water retention shall be permitted wi
bdiate pressure zone.

bection of the passage otifices shall be 245 mm?2 with DN > 15, or 12,5 mm2 with DN < 15
for the calculation of thé cross-section shall be less than 4 mm.

ted with a funnékshall evacuate at the full relief flow rate defined in Table 6.
to the drain‘shall be
y incorpoerated into the device,

 fitted, or

hin

; no

supplied with the device.

The structure of the relief orifice of the device shall be such that neither the fitting of a standardized
threaded pipe, nor the connection of a standardized pipe or shape — be it by glue, welding or interlocking

— is useab

le.

7.3 Pressure taps

The device shall include three pressure taps to permit periodic verification that the device is functioning
properly, which shall be placed

— upstre

am from the first check valve,

© ISO 2013 - All rights reserved
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— in the intermediate pressure zone, and

They shall be dimensioned as shown in Figure 3 and as given in Table 2.

downstream from the second check valve.

1ISO 13693-1:2013(E)

The bores for the pressure taps shall have, over their full length, a minimum cross-section of 12,5 mm?.
Their smallest dimension shall not be less than 4 mm.

Table 2 — Pressure-tap thread dimensions

Nominal size Thread designation, G Thread depth
DN, mm (in accordance with I1SO 7-1) a, mm
DN <10 G1/8 or G1/4 6,5

10 <DN <50 G1/4 >6,5

Key)

Eac

8

8.1

Car

thread size
thread depth

Figure 3 — Pressure-tap thread dimensions

1

Dn

h pressure tap shall be fitted with:a\?/4 turn cock of size

DN 6 (G1/8 connection) femalé outlet, for devices of DN < 10, or

DN 8 (G1/4 connection).female outlet, for devices of 10 < DN < 50.

Characteristics@and tests

General test conditions

ry out.thé performance tests on the device installed in accordance with the man

teclhnicalldocuments.

Ifn

Dt Qpprifipd pprfnrm all tests with water at an ambient temperature not pr‘ppding 40 °C

facturer’s

In the absence of particular specifications, ensure that measurement accuracy is as follows:

flow rate: = 2 % of the value specified;

pressure: + 2 % of the value specified;

water temperature: * 5 °C of the value specified;

time: 0 to +10 % of the measured value.

All other measuring instruments shall have an accuracy of + 2 % of the measured value.

© IS0 2013 - All rights reserved
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8.2 Expression of the results

Record the measured values. These results may be graphically expressed as a function of pressure, flow
rate or time. For examples, see Annex A.

8.3 Order of testing

Execute all tests on one device, except for the test of long-term pressure endurance (8.7), which may be
performed on another device without internal parts.

Perform the testsin the sequence according to Table 3

Table 3 — Test sequence

Order of Test Subclause of thys
sequence partof ISO 13693
1 Resistance of body to short-term pressure 8.4.2
2 Closing pressure and tightness of downstream check valve 8.5.2
3 Tightness of downstream check valve 8.5.1
4 Tightness of upstream check valve at low pressure 8.5.3
5 Pressure loss as function of flow rate 8.6.1
6 Pressure difference between upstream and intermediate pressure zones 8.6.2
7 Venting to atmospheric pressure of intermediate pressure zone when 8.6.3
upstream pressure drops
Pressures at opening and closing of relief valve 8.6.4
Relief valve tightness in case of fluctuation ofdipstream pressure 8.6.5
10 Pressure in intermediate pressure zone under backflow conditions 8.6.6
11 Short-term endurance tests 8.4.3
12 Tightness of downstream checkgalve 8.5.1
13 Closing pressure and tightness of downstream check valve 8.5.2
14 Tightness of upstream chieck valve at low pressure 8.5.3

Venting to atmospheric pressure of intermediate pressure zone when

8.6.3
upstream pressuge drops

15

16 Tightness of ugstream check valve under vacuum 8.5.4

8.4 Mechanical eharacteristics

8.4.1 General

I - 11 1 1 - 1 1. 1 LI | 1 -
Ensure th L LIIC LESL CUUIPIICIIU d1IIOWS LIIC UCVILE LU DE LESLEU 11T dLLUTUAIICTE WILIT ULIIC TCYUITTIIICIILS.

NOTE The examples shown in the figures are for guidance only.

8.4.2 Resistance of body to short-term pressure

Apply an increase of static water pressure at the inlet of the device in increments of 0,1 MPa (1 bar) per
55, up to 2,5 MPa (25 bar).

Hold this pressure for 5 min.
Record any observations.

Neither visual permanent deformation, nor rupture of the body or internal parts of the device shall occur.

6 © IS0 2013 - All rights reserved
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3 Short-term endurance tests

3.1 Behaviour at elevated temperature

Place the fully assembled device in an environment of temperature 65 °C and relative humidity

(50

8.4.

+5) % for 72 h.

3.2 Thermal shock

Followingthe testaccordingto 8.4.3.1,immerse the device in awater bath ata temperature of 65 °C for 60 min,

sot
Aftd
Att
Thd

8.4

Tat the water reaches att parts of thedevice thatare imrcontact withrwater durimg orrat ops
br 60 min, immerse the device in a bath of temperature 15 °C for 10 min.
he conclusion of this test, disassemble the device and examine it.

re shall be no visible deformation of the elastomeric and plastic parts.

3.3 Cyclic pressure test

Following the tests of 8.4.3.1 and 8.4.3.2, place the device in the testsetup shown in Figure 4

itto
int

(5000 =50) cycles, at a water temperature of 45 °C, with each cycle comprising the follow
he sequence given:

open valve 5, then valve 1; maintain circulation at + 5 %.0f the flow rate given in Table 4 f
close valve 5, then valve 1;

open valve 3, maintaining a static pressure ofi0,3 MPa (3 bar) for (6 + 2) s;

close valve 3, open valve 4, then drain the-device (by opening the relief valve) for (6 + 2)
close valve 4;

open valve 5, then valve 1, maintain circulation at + 5 % of the flow rate given in Table 4 f
close valve 5, then valve 1,

open valve 2, maintaining a static pressure of 1 MPa (10 bar) for (6 * 2) s;

close valve 2, openrValve 4, then drain the device by opening the relief valve for (6  2) s;

close valve 4

ration.

hnd submit
ring stages,

por (6 £ 2) s;

4

por (6 £ 2) s;

© IS0 2013 - All rights reserved
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P

4

£54

Key

w >

>k
K]

?

J
Divide the
a) 1250

Allow {
b) 1250

Maintd

procesg
c) 1250

Submi

1 MPa
d) 1250

&

supply flow; maximum pressure of 0,3 MPa (3 bar) at zero flow
supply pressure: 1 MPa + 0,05 MPa (10 bar * 0,5 bar)

supply pressure: 0,3 MPa + 0,03 MPa (3 bar * 0,3 bar)

adjusting valve

valve with time control of opening and closing

tested safety device

Figure 4 — Cyclic pressure test setup

5 000 cycles into four periods, each of 1250 cycles, as follows.
cycles

he device to remain atrest for 14 hatambient temperature, before proceeding to the next per
cycles

in the device at a static'pressure of 1 MPa (10 bar) for 14 h at ambient temperature, be
ding to the next period.

cycles

the deviceto an upstream pressure of 0,3 MPa (3 bar) and to a downstream pressur]
(10 baxr)for 14 h at ambient temperature, before proceeding to the final period.

cycles.

iod.

fore

e of

At the conclusion of the test, the device shall be capable of meeting the requirements of 8.5 and 8.6
without replacement of any component.

Table 4 — Cyclic pressure test — Flow rate

Nominal size 8 10 | 15 | 20 | 25 | 32 | 40 | 50
DN, mm

Flow rate 04 |06 |13|22]|35]5,8 9 14
m3/h

© ISO 2013 - All rights reserved
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8.5.
The
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Tightness tests

1 Tightness of downstream check valve

test comprises the following steps:

a) using the equipment setup shown in Figure 4, apply a pressure of 1,6 MPa (16 bar) downstream

b)

from the device, in increments of 0,1 MPa (1 bar) per 5 s, with ambient water, while main
upstream pressure zone at atmospheric pressure;

hold the pressure for 2 min:

taining the

c)
No
8.5

Thd
levd

Thd

isolate the device from the supply pressure by closing valve 2 and valve 5 for 10 min!

eakage, permanent deformation or deterioration of the downstream check valve ‘shall od

2 Closing pressure and tightness of downstream check valve

verification requires measurement of the difference, Ah, in the height of the water be
1 tubes (Figure 5).

test comprises the following steps:
ensure that the inside diameter of the level tubes is (10 £0,2) mm;

admit water to the device so that the height, h, of the water column in tube C is sufficient t
the two measurements;

isolate the device for 5 min + 30 s;
note height Ahq, see Figure 5 a);
drain slightly downstream;
isolate the device for 5 min + 30-s:

note height Ahy, see Figure 5:b).

Ahy

Cur.

tween two

0 carry out

© IS0 2013 - All rights reserved
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Ah,

The closing pressure of the check valve shall be greater than 7 kPa{7®’mbar), which equals 70 cm;
and Ah; shpll be above 70 cm. The results may be expressed as a curve (for an example, see Figure 4

8.5.3 Tig

The test comprises the following steps:

a) fill the
[inside

b) isolate

c) raise the water level in the level tube-to (1 000 £+ 50) mm;

d) isolate

e) raise the water level in thielevel tube to (2 000 + 50) mm;

f) isolate

The water
upstream (

No lowerir1

1 —F 2
b)

Figure 5 — Closing pressure test equipment

htness of upstream check valve at low pressure

device with water so that the water column has a height of (200 * 50) mm in the level t
diameter (10 * 0,2) mm], as shown in Figure 6;

the device for 5 min + 30 s;

the device for 5 min + 30Js;

the device for5)min + 30 s.

level in the(level tube shall be constant at each step, thereby verifying the tightness of]
heck valvé at low pressure.

Ahq

ube

the

g.of the water level in the tube shall be noted at any step.

10

© ISO 2013 - All rights reserved
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Dimensions in metres

0,2

Key

|><] isolating valve
|>-r<] adjusting valve

Figure 6 — Tightness-test equipment — Low pressure

8.5[4 Tightness of upstream cheekvalve under vacuum
The test comprises the followingsteps:

a) |dismantle the downstream check valve;

b) |place the device inthe'test bench (see Figure 7);

c) |adjustthereliefflowratetoobtainapressureintheintermediate pressure zone of 14 kPa (140 mbar);

d) |quickly apply a vacuum of 0,025 MPa (0,25 bar) upstream of the device and maintain the yacuum for
5 min.

No [watert shall collect in the water trap, thus verifying the tightness of the upstream check valve
undervacuum.

© IS0 2013 - All rights reserved 11
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Key

N O U W

>k

8.6 Hyd
8.6.1 Prg

8.6.1.1 T
The setup
— L1land
— L2 and

Qo

NN

Dimensions in metres

water trap

est bench

L3 210 DN;
L4 =72 DN.

vacuum gauge
vacuum gauge

vacuum pump

vacuum vessel

water supply

isolating valve

adjusting valve

Figure 7 — Tightness test equipment — Vacuum

raulic characteristics

essure loss as function of flow rate

distance between end of valve to vacuum gauge 2 (5 DN to 10 DN)

bf the test equipmentshown in Figure 8 is based upon horizontal installation:

L2

L3

oQo ¥

12

adjusting valve

L1

differential pressure gauge

thermometer

flow meter

L4

Figure 8 — Pressure loss test bench

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=e9913b4caa1a2a75b0036f802427f4b7

8.6.

1ISO 13693-1:2013(E)

1.2 Test method

The test comprises the following steps:

a)

b)

record the pressure loss over the full range of flow rates for the device between 0 and the flow
rate given in Table 5. Wait for stabilization at each measuring point (for a graphic example, see

Figure A.2);

verify the tightness of the relief valve during the entire pressure loss test.

The pressure loss in the piping lengths between the device and the pressure taps should be taken into

FaWaVal W hY

acc

8.6

For

Table 5 shall not be exceeded.

s 1Q
Ut (SCT 10U JUTTJ.

1.3 Requirement

flow rates between 0 and those given in Table 5, the maximum value of pressure loss i

Table 5 — Maximum pressure loss

hdicated in

Nominal size Flow rate, Pressure loss Flow rate, Preskure loss
DN, mm m3/h max., MPa m3/h malx., MPa

8 0,54 0,1 0,81 0,15

10 0,86 0,1 1,27 0,15

15 19 0,1 29 0,15

20 3,4 0,1 51 0,15

25 5,3 0,1 79 0,15

32 8,7 0,1 13 0,15

40 13,6 0,1 20,3 0,15

50 21,2 0,1 31,8 0,15
8.6]2 Pressure difference between upstream and intermediate pressure zones
8.6{2.1 Dynamic test
Setup as in Figure 4.
Record the pressure difference between the upstream pressure zone and the intermediatle pressure
zong over flowsrates varying between 0 and the maximum flow rate given in Table 5 (for a graphic
example, seé.Bigure A.3).
The pressure difference between the upstream pressure zone and the intermediate pressurg¢ zone shall
be greeater than 14 kPa (140 mbar).

8.6.

Set

2.2 Static test

up as in Figure 4.

The test comprises the following steps:

a)
b)

©IS

close valve 5;

record the pressure difference between the upstream and intermediate pressure

zones for

upstream pressures ranging between 0,1 MPa and 1 MPa (1 bar to 10 bar) (for a graphic example,

see Figure A.4).

02013 - All rights reserved

13


https://standardsiso.com/api/?name=e9913b4caa1a2a75b0036f802427f4b7

ISO 13693-1:2013(E)

The pressure difference between the upstream pressure zone and the intermediate pressure zone shall
be greater than 14 kPa (140 mbar).

8.6.3 Venting to atmospheric pressure of intermediate pressure zone when upstream pressure

drops

Set up as in Figure 4.

The test co

mprises the following steps:

a) leavevalve 5 in the open position;

following ji)“stream pressures: 0,175 MPa, 0,3 MPa, 0,6 MPa and 1,0.MPa (1,75 bar, 3 bar, 6 bar and 10 har).

b) record
an ups
Figure

The discha

the pressur

8.6.4 Prd

Setup as i

Record the

The test ¢

a) Apply

b) Reduc

c) Recorg
when {

d) There

pressu
e) Bringf
f) There
8.6.5 Re
Setup as i

the pressure difference between the upstream and intermediate pressure zones-gver

tream pressure from 0,175 MPa to 0 MPa (1,75 bar to 0 bar) (for a graphic example,
A.5).

ge system shall open to connect the intermediate pressure zone to atmosphericpressure be

see

fore

e differential between the inlet and the pressure intermediate zone drops to-14 kPa (140 mhar).

pssures at opening and closing of relief valve

Figure 4.

pressure difference between the upstream and intermediate pressure zones for each of|the

prises the following steps.
the given static pressure upstream of the device.

e this upstream pressure slowly.

| the value of the pressure difference between the upstream and intermediate pressure zdnes

he relief valve opens (drop by drop).

ief valve shall start opening at a pressure difference between the upstream and intermedjiate

re zones greater than 14 kPa\(140 mbar).
he upstream pressure back to its initial value.

ief valve shall again’close tightly.

ief valve tighthess in case of fluctuation of upstream pressure

Figure#,

The test chprises the following steps, for each of the pressures, 0,175 MPa, 0,3 MPa, 0,6 MPa

1,0 MPa (1

75bar, 3 bar, 6 bar and 10 bar):

and

a) apply the given static pressure upstream from the device,

b) in a time interval of 10 s, increase this pressure by 10 kPa (100 mbar), then decrease it by
10 kPa (100 mbar),

c) in atime interval of 10 s, decrease this pressure by 10 kPa (100 mbar), then increase it by 10 kPa
(100 mbar), and/

d) repeat

steps b) and c) twice.

No discharge at the relief valve shall occur for an increasing or decreasing upstream pressure in a range
of 10 kPa (100 mbar).

14
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8.6.6 Pressure in intermediate pressure zone under backflow conditions
This test is performed with the downstream check valve removed.
Set up as in Figure 7.

Record the variation of pressure in the intermediate pressure zone for a constant relief valve flow rate,
as given in Table 6, with an upstream pressure varying between 0 MPa and 1 MPa (0 bar and 10 bar) (for
a graphic example, see Figure A.6).

Table 6 — Minimum relief flow rate

Nominal size 8to 10 15 | 20 | 25 32 40 | 50
DN, mm

Relief low rate 0,54 0,72 11,08 | 1,08 | 2,34 | 2,34 | 4,5
m3/h

Forjan upstream pressure up to 14 kPa (140 mbar), the pressure in the intermediate pressurg¢ zone shall
be less than 10,5 kPa (105 mbar) at the flow rate given in Table 6.

The funnel to the drain shall evacuate the full relief valve flow rate,without spillage, to the qutside.

8.7| Long-term pressure endurance

At gmbient room temperature,

a) |remove all internal parts from the device,

b) [apply a hydrostatic pressure of 2 MPa (20 bat; and
c) |maintain the pressure for 1 000 h.

The device shall withstand the hydrostatie pressure without any leakage or distortion.

9 |Marking

The device shall be marked permanently and visibly on its body and cover or on a fixed id¢ntification
platle. This marking shallinelude the following information:

a) |manufacturer’smame, brand or logo;
b) |nominal size/ADN);
c) |nominalpressure (PN), in pascals, bar or psi;

d) |maximum operating temperature, in °C or °F;

e) anarrow indicating normal direction of 1low;
f) manufacturer’s reference code;
g) unitidentification number;

h) reference to this part of ISO 13693.

10 Packaging
The device shall be protected, from the time of manufacture to the time of its installation, against

a) damage to threaded ends, and

© IS0 2013 - All rights reserved 15
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b) outside contamination.

A device packed in a watertight package is considered to be adequately protected.
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Annex A
(informative)

Examples of presentation of test results

See Figures A.1 to A.6.

Y 4
Q
<
1 2 3
250
200
~ [
150
100
50
0
0 3 6 9 12 15 18 21 24 27
Key
X |time, min
Y |pressure difference, Ap, between intermediate and downstream pressure zones, mbar
1 |upstream pressure zene
2 |intermediate pressure zone
3 |downstream pressure zone
Figure A.1 — Closing pressure of downstream check valve
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Figure A.2 — Pressure loss as function of flow rate (for DN 50)
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