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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

electrote

chnical standardization.
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editorial

ISO draws attention to the possibility that the implementation of this document may ‘involve the us

of (a) paf

patent rights in respect thereof. As of the date of publication of this document, ISO had not receive

notice of]

cautionef that this may not represent the latest information, which may be;obtained from the pate

databassd

such patent rights.

Any trade name used in this document is information given for thé.Convenience of users and does n

constituft

For an o

expressipns related to conformity assessment, as well ‘as information about ISO's adherence
the World Trade Organization (WTO) principles inthe Technical Barriers to Trade (TBT), s¢

WWW.iSO

edures used to develop this document and those intended for its further maintenance ay
describefl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th

types of ISO document should be noted. This document was drafted in accordance with t}
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ent(s). ISO takes no position concerning the evidence, validity or applicability of any claimg
(a) patent(s) which may be required to implement this document. However, implementers al

available at www.iso.org/patents. ISO shall not be held responsible for identifying any or g

e an endorsement.

xplanation of the voluntary nature of standards, the meaning of ISO specific terms ar

.org/iso/foreword.html.

This dochiment was prepared by Technical Committee ISO/TC 281, Fine bubble technology.
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Introduction

Fine bubbles are applied to agro- and aqua-culture for their uses in supplying water, nutri
chemicals for facilitation of growth, sterilization and cleaning. Ultrafine bubbles are known t
great stability in water, provided that they are used appropriately within their intended applic

tion and
o exhibit
ation.

However, since farms are often spatially broad and remotely located, water needs to be transported

by pipe lines to meet the huge amounts required. Furthermore, in order to see the benefit of
ultrafine bubbles, the transportation line should maintain consistent fine bubble water charac

applying
teristics,

iffcluding the number concentration Index of ultraiine bubbles.iif Many mechanisms can be.s
ré¢moval of ultrafine bubbles due to mechanical, chemical and thermodynamical effects taim
change in the number concentration index loss due to flow in the pipe. When designing)the
system, a reliable prediction on the removal of ultrafine bubbles in the water on the site.is nee

Hobwever, there is no useful test method for data or relevant experiments to evaluate’how long
blibbles can practically survive after long transportation.

This document provides the test method on experimental evaluation of-@ long transfer pla
system in terms of reduction in the ultrafine bubble concentration index'due to the flow in p
system, consisting of a reservoir for ultrafine bubble water and a winding pipe, through which {
if circulated periodically from the reservoir, allows description of\‘concentration loss by an ¢
efuation. Systematic analysis of the data output from the practical test process can benefit
planning and improving a similar system. An example of deduced formula optimized to rep
observed data is given in Annex A.

This document cannot be used for any conformity assessment activities on relevant tests.

hown for
ngine the
farming
ded.

ultrafine

stic pipe
pes. The
he water
mpirical
users for
roducing
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TECHNICAL SPECIFICATION ISO/TS 11899-1:2023(E)

Fine bubble technology — Transportation and dispensing

systems for agro- and aqua-cultural applications —

Part 1:

:ﬂater passing through long-distance plastic pipes '

1 Scope

This document specifies a test procedure, equipment and environment for evaltiating the concq
ldss of ultrafine bubbles (UFB) due to long-distance transfer of ultrafine bubble water in a pla
The test results are analysed and expressed in terms of a formula with“the flow paramet]
lgngth, flow velocity and number of circulations through the pipe. Thieyformula is intended td
fdqr designing long-distance transport system for industrial applieations including agro- a
drming.

2| Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the folowing terms and definitions apply.
[0 and [EC maintain terminology databases for use in standardization at the following addrej

— IS0 Online browsing platform:-available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

311
sfirviving rate
4
rgtio of numbericoncentration index of ultrafine bubbles at the entrance of a pipe to that at t}
the pipe

Npte 1 te-entry: The number concentration index of ultrafine bubbles in the water decreases during

through’the pump and the winding pipe. The rate is evaluated for a sample taken from a reservoir. Th
oTen to room air and the water level is kept over the inlet and the outlet.

bntration
stic pipe.
ers, pipe
be used
hd aqua-

Ses:

ne end of

the flow
P vessel is

3.2
reservoir
vessel for ultrafine bubble water staying almost at rest during the water circulation filled

with the

water returning back from pipe at its inlet and fed to the gear pump at its outlet, intended to sample

ultrafine bubble water for measurement

3.3
sampling

sampling of ultrafine bubble water from the reservoir using a pipette and sampling bottle for the

measurement of a size index and a number concentration index

© IS0 2023 - All rights reserved
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long winding pipe
long plastic pipe with small inner diameter winding on the bobbin to simulate the behaviour of the
long-distance plastic pipe for practical use

3.5
number
n

of circulation

p
number of ultrafine bubble water circulation passing through the transport system

Note 1 to[entry: The number is defined by the ratio of the product of flow rate In the Tong winding pipe with
elapsed time of an experiment to volume of long winding pipe.

3.6

flow vel
Ug

fluid veld

3.7

loss fact
k
coefficie

Note 1 to
proportia

4 Tes

4.1 Ba

The beh
measuril
a pump f{
through

The dect
particle 1

The pro
through
experim

The mea
circulati
an exper

The exp

Dcity

city of ultrafine bubble water in the long winding pipe

or

nt relating the time derivative of the surviving rate to the survivingtate itself

entry: In the analysis of the report, the relationship is assumed t¢/be linear and the loss factor, k, is ifts
nal coefficient. See Formula (1).

[ing method and data analysis

sic testing method

wiour of extended long-distance plastic pipe is simulated by a pipe winding by many turms
g long distance in the testing room. The'ultrafine bubble water in a reservoir is pushed in iy
rom one end of the pipe and released back to the reservoir after the water completely passés
the long winding pipe.

ease in number concentration index of ultrafine bubbles after the passing is measured by
racking analysis method!

ess is operated confihuously by feeding the water from the outlet of the pipe to the inlgt
A reservoir and thépressurizing pump. The pushing pressure is kept constant throughout gn
PNt.

surement sample is taken from the reservoir several times synchronous with the period of the
bn. The systematic decrease of number concentration index and elapsed time are recorded for
iment With selected parameters on inner diameter, d, length of pipe, L, and flow velocity, v,.

eiiments are conducted for various different values of the parameters and all accumulatgd

output

ata are anatysed for deducing am empiricat formuta appiicable to tie comdition wittim the

parameter setting.

In Figure 1, aloop indicates one turn of pipe around the bobbin as a part of long winding pipe.
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1 2 3 6 7
v %
+—0)
5
Kpy
1| reservoir
2| rotor flow meter
3| needle valve
4| gear pump
5| pressure gauge 1
6| pressure gauge 2
7| pipeline

Figure 1 —Schematic diagram of testing system

2 Equipment and envirenment

4

The environment for the(test operation should be conducted at ambient temperature and air
ahd water should be less-exposed to the room air in order not to introduce solid contaminar
water.

T

he following equipment should be applied for the test system.

4{2.1 Réservoir

The Aipper surface is allowing to sample the ultrafine bubble water by pipette. The sid{

pressure
ts to the

b wall is

tjasparent or has a window allowing observation of sampling and status of water. An inlg

t and an

outlet are put on the side wall. The outlet has a stop valve and 1s close to the bottom and the inlet, close

to the top. The vertical distance of the openings specifies the volume of the ultrafine bubble
addition to whole long winding pipe.

water in

The structure of the reservoir is simple enough for simple cleaning and sampling and set stable and in

ambient temperature.

4.2.2 Ultrafine bubble water

The ultrafine bubble water, namely sample medium, is generated by an ultrafine bubble generating

system, and transferred into the reservoir according to ISO 20298-1 and ISO 21255.

© IS0 2023 - All rights reserved
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Its volume encompasses the volume of the whole pipe loops plus the volume of the reservoir below
outlet mouth plus the dead volume of other apparatus. The homogeneity in the reservoir is confirmed
prior to the experiments by using the measurement of number concentration index at a few test points
and stirring mechanically.

4.2.3 Pumping

A gear pump is used for pushing the ultrafine bubble water into the pipe with controllable flow velocity
and pressure drop The pump has the capac1ty dependmg on the long wmdmg plpe So as to allow the
choice of flow velgcit the range 5 0 120

Both parpmeters are kept stable during an experiment.
The watgr pressures at both inlet and outlet of the pipe are measured by Bourdon tube pressure gaugge.

Their difference gives the pressure drop. The needle valve gives additional pressure drgp’nionitored iy
the presgure gauge.

4.2.4 long winding pipe

The flexible plastic pipe, preferably transparent, is wound on the cylindri¢al column bobbin and fixgd
to it.

The innefr diameter of the pipe allows flexibility for winding and supporting the inner pressure.

4.2.5 Flow meter

The flow|rate is measured by the flow meter.

4.2.6 Measuring instrument of number concentfation index of ultrafine bubble

The particle tracking analysis method applies.:lfs' operation and principles are defined in ISO 204802
and ISO 19430.

4.2.7 $ampling pipette and glass bottle

The pipefte and glass bottle with volume capacity more than 10 ml apply. The bottle has elastic rubber
packing Inner lid and screw lid alldwing air tight confinement of ultrafine bubble water at its top.

4.2.8 Thermometer

A thermg@meter is putih-the reservoir and fixed for temperature measurement of ultrafine bubble watg

]

4.2.9 $top watch

A stop whtch'is used to measure elapsed time synchronously to number of circulations.

4.3 Test procedure

The complete testing procedure consists of a few different experiments, with the setup of apparatuses
and parameters different from each other.

The following procedure should be applied for each experiment.

a) Prepare enough ultrafine bubble water to supply both the reservoir and the whole long winding
pipe.

b) Putultrafine bubble water to the reservoir and open the valve at the outlet to introduce to the gear
pump.

4 © IS0 2023 - All rights reserved
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c) Homogenize the ultrafine bubble water in the reservoir by stirring and monitoring the number
concentration index and size index distribution of ultrafine bubbles at a few positions in the

reserved UFB water.

d) Sample the ultrafine bubble water from the centre of reservoir for measurement of its

number

concentration index according to planned sequence of an experiment without operating the system.

e) Confirm the number concentration index of ultrafine bubbles is within the measurement
the instrument for the period of each experiment.

range of

f Dade | I FaUn | £1 4 o 4 L oL | 1 £ H b
Ut gCdl pullip Uil dii dUjust LT TTUW HITLCT TTAUIITES LU SPTULITITU VA4alut 101 dll TAPCTTIIICIIL.

g] Take the sample at planned sequence of number of circulations, referring to the indieatio|
watch.

Bpttle the sampled ultrafine bubble water into the glass bottle using the pipette-and seal t
carefully.

Label the bottle identifying the number of circulations.
h) Repeat step g) on all planned numbers of circulations.

i) Measure the number concentration index and size index of‘\ultrafine bubbles for all
circulations and record them together with the number and €lapsed time at sampling.

j)Il Check the operation parameters including thermometer.reading are not significantly cha
confirm the records up to the number of circulations,

k] Stop the gear pump and repeat the steps.

4{4 Data analysis

Since the mechanism of loss in ultrafine\bubbles in a pipe has not been well understood,
phenomenological hypothesis is applied*to lead the empirical relation with its parameters o
fqr reproduction of observed data. The hypothesis applies the following linear decreasing ratg
fdr the simplest formulation in datajanalysis as shown in Formula (1).

do (t)
dt

=—kd (t)

|1

prmula (1) leads tothefollowing explicit and exponential relation as shown in Formula (2):
D(t)=D,-exp(-k-t)

where, @g.is the initial surviving rate, namely unity. Asymptotically surviving rate @(t) ap
z¢ro whent = oo,

The-vonstant, loss factor, k, depends on the system parameter setting of each experiment whig

n of stop

he bottle

planned

hged and

a simple
ptimized
formula

M)

(2)

broaches

h causes

the decrease of ultrafine bubbles.

For each experiment, the relationship is applied by numerical fitting to the experimental data. The

dependence of the parameter k to setting parameters is studied and confirms the dependen
flow parameters.

ce to the

Instead of measuring the number concentration index right before the inlet to the reservoir, the number
concentration index in the reservoir is measured. The formula describing the time evolution of the

latter number concentration index consists of a UFB number loss term due to the water flow
the reservoir to the pipe and a UFB number gain term due to the water flow into the reservoir
pipe. The number concentration index of the latter term is the surviving rate @(t).

© IS0 2023 - All rights reserved

out from
from the


https://standardsiso.com/api/?name=9fbffe7ac1e582b8fc5e7cdefd9bf15d

ISO/TS 11899-1:2023(E)

Accumulating the whole data from all planned experiments in the test, the surviving rates are applied
to Formula (3) and optimized with the proportional constant, ¢, and two exponents, a and b.

k=cu “n.P

p

(3)

The relationship of the observed surviving rate versus its numerical reproduction is drawn in a graph
to confirm the reliability level of the formula, where @ is the initial surviving rate, namely unity.
Asymptotically surviving rate @(t) approaches zero when t = oo.

The con
the decry{
5 Tes
The follo|
a) the
b) aref
c) thed
d) thesg

pres
e) theq
f) thet
g) thei
h) thei
i) thef
j) thej

the f
6

base of ultrafine bubbles.

[ report

wing information of the test result should be reported.
Jate and name of the organization conducting the test;
erence to this document, i.e. ISO 11899-1:2023;

ondition of the environment: temperature and air pressure;

sure gap, sample temperature, length of pipe;
haterial of the pipe, e.g. polyurethane;

haterial of the flow, e.g. ultrafine bubble water, quality of water;

itting parameters for the formula;a; b and c;

pbrmula, if any.

. R | £ b L | | 4] 4o . - £ 1 . du Jos ol
LAIIL, TUSS 14U LUL, R, UTPTIHUS UIT LT S y SLTIL Pal dHITLETL STLLITE UL T4AUIT TAPTIHHIITHU WITILID LAUS PS

ssential parameters for flow properties of the sample: inner‘diameter of the pipe, flow velocitly,

nformation on the fine bubble generating system, e.g. the type of generating principle;

hformation on the measuring instrumentfor ultrafine bubbles, e.g. product name and softwarg;

arity plot of the observed loss-and reproduced loss, with a brief statement on the reliability pf
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Annex A
(informative)

Example of test and data analysis

A1 System settings

Al1.1 Measuring instrument

The particle tracking analysis method[2] was applied to output the averaged mumber conce
ildex and size index over five sequences each with a measurement time of 60 s,

AL1.2 Reservoir

@)

hpacity of a 2 1 polycarbonate bottle, which wall is transparent and.-shape is cylindrical or reg
solid.

Al1.3 Gear pump

Magnetic drive gear pump: stainless steel, capacity 1,84.-14 ml/min with the features pulsing
ldakage, max. pressure 0,6 MPa, min. sealed pressure,3'kPa.

Al1.4 Pressure gauge 1

Glycerine bath type pressure gauge, stainless'steel, capacity 1 MPa.

Al1.5 Pressure gauge 2
L

bw pressure gauge, capsule type;capacity 50 kPa.

Al1.6 Flowmeter
P

astic float gauge for water, whose performance is shown in Table A.1.

Table A.1 — Flowmeter precisions for each flow rate setting

bntration

tangular

less, low

Q. Mazx. flow rate
1/min

0,1 300 ml/min

0,5 800 ml/min

1,0 THO00 T/ T

2,0 2 800 ml/min

A.1.7 Sampling pipette

Volumetric pipette of the capacity of 10 ml.

A.1.8 Pipe
The material is polyurethane.

The inner diameter is 5 mm, outer diameter 8 mm, with whole length of 20 m, 50 m and 100 m

© IS0 2023 - All rights reserved
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The inner diameter is 6,5, outer diameter 10 mm, with whole length of 20 m, 50 m and 100 m.

The relationship of the volume of the pipe and volume of the reservoir is as shown in Table A.2 and A.3.

A.1.9 Plastic bobbin

The diameter is 200 mm, 400 mm and the material is acryl plastic.

The volume of the whole loops V4, reservoir Vi and total ultrafine water Vg for three experiments

on the inner diameter 5 mm.

Table A.2 — Parameters for the inner diameter of 5 mm

20 m x 5 mm pipe 50 m x 5 mm pipe 100 m x 5 mm pipe
Vioop [L] 0,39 0,98 1,96
Vkes [L] 2 2 2
Vg [L] 2,4 3,0 4,0
NPTE The values in the label of each experiment indicate the whole pipe length L and ifiner diameter d,

Table A.3 — Parameters for the inner diameter of\6,5 mm

20 m x 6,5 mm pipe 50 m x 6,5 mm pipe 100 m x 6,5 mm pipe
Viloop [L] 0,66 1,65 3,32
Ves [L] 2 2 2
Vg [L] 2,7 3,7 53

A.2 Procedure of the operation

Table A.4 — Fluid dynamical paratheters for each experiment of the testing

No. Inner diameter Pipe loop length Flow velocity
mm m m/min

1 5 20 0

2 5 20 5

3 5 20 25

4 5 20 50

5 5 20 101

6 5 50 0

7 5 50 5

8 5 50 25

9 5 50 50
10 5 50 101
11 5 100 0

12 5 100 5

13 5 100 25
14 5 100 50
15 5 100 101
16 6,5 20 0

17 6,5 20 3

18 6,5 20 15
8 © IS0 2023 - All rights reserved
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Table A.4 (continued)
No. Inner diameter Pipe loop length Flow velocity
mm m m/min

19 6,5 20 30
20 6,5 20 60
21 6,5 50 0
22 6,5 50 3

3 6,5 56 15
24 6,5 50 30
25 6,5 50 60
26 6,5 100
A7 6,5 100
28 6,5 100 15
29 6,5 100 30
30 6,5 100 60

.3 Data analysis

3.1 Initial check

The performance of each experiment was checked briefly by reviewing the graph of data poi
the surviving rate, @, for the vertical axis and elapsed time, ¢, for the abscissa axis. The data
shows the behaviour of the systematic decrease within the uncertainty of the surviving rate.

The sequences over all experiments only with a different flow velocity were also plotted
ir] a graph with the abscissa axis of number order passing through the gear pump for confir
onotonic behaviour as the flow velocity~and number of circulations passing through the gear

as studied from the measurement results for the samples in step d) in 4.3 and changed less

1]

The temperature of the water did not'change more than +2 °C. The spontaneous loss of ultrafing
\

uhcertainty.

The size indexes of ultrdfine bubbles were checked to be around 100 nm not changing sig
nlore than +/- 10 %.

>

.3.2 Results-of the test

Flgure A.1 shows examples from the results of four experiments. The rapid decrease of the UFH
concentration index in relation to the elapsed time, t, and the systematic decrease in the survi
@ depending on the flow velocity, u, are confirmed.

nts, with
bequence

similarly
ming the
changed.

b bubbles
than the

ificantly

number
ving rate
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ving rate

d loss factor, k, as described in Eormula (3).

city, uy, and the number of ¢irculations, n, and pipe length L.

Figure A.1 — Typical example of behaviour of the surviving rate

It comes from four experiments for initer diameter d 5 mm, pipe loop length L 20 m, wif
flow velocities. Monotonic decreasesare found, and the lines show the simulated results using

|2 shows an example for the significant dependence of decrease in the surviving rate @ to the

h

10
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