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This International Standard was developed for uséJin d
distribution of pulverized coal between separate burners
power station.

Sampling in accordance with this International Standard
mation about performance characteristics of a pulveriz
system, for example

when commissioning fuel distribution systems and
with a view to equal fuel distribution to the burners;

when monitoring and>adjusting the performance o
baffles in fuel distribution systems;

when monitoring.pulverizer performance for specified

NOTE 1 The sampler and the sampling method described in t
Standard were~developed for the sampling of pulverized coal
does not preclude this International Standard from being suita
pulverized_material other than coal, conveyed by air or other ¢
pipes.At.present, however, no experience or experimental resul
matérigls other than coal are available.
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INTERNATIONAL STANDARD

1ISO 9931:1991(E)

1 Scope

This Intgrnational Standard specifies a method
which, sudibject to limitations imposed by the ge-
ometry of the pulverized-coal pipe, is applicable to
multipoin:‘ sampling of pulverized coal suspended in
air or otlher gases conveyed in circular pipes be-
tween pylverizer and burners in direct fired coal
systems jn power stations. The samples collected
are used|for deriving the mass distribution of coal
between [the burners and the particle size distri-
bution of the coal, with the object of determining the
performapce of a pulverizer.

The met:Lod is suitable for sampling from vertical
circular pipes at, or beyond, a specified distance
from a flgw disturbance when

— the mpximum particle size to be sampled is less
than qne-third of the diameter of-the 'sampler tip
apertyre, i.e. less than 1,5 mm\{fo ensure rep-
reseniative sampling and to-aveid clogging of the

samp]er);

— sampling takes place~in’/a circular pipe with an
internpl diameter bgtween 250 mm and 700 mm;

— the aif/coal ratio’in the pipe is within the normal
range|of direct fired pulverized coal systems.

NOTE 2 |ifs<sampling access can only be made at an un-
suitable positio ependin

measurement, the equipment may still give sausfactory
results. In such positions a more detailed investigation
may be necessary. This may involve taking individual
samples covering the full cross-section of the pipe using
some other method, including a single tip sampler.

2 Principle

A multipoint sampler extracts, in 4 min, one rep-
resentative sample from 64 sampling points evenly

distributed over a cross-section of a

Suitable sampling are d

nositions
PQSH

sampler is inserted. through a dustle
into the pulverized-fuel pipe. Before

circular pipe.
escribed. The

ss connection
and after the

sampling periody*the sampling equi'rment is kept

clean and héated by backblowing of
sampling~gas velocity is kept const
sampling“period. The sampled puly

separated in a high-efficiency cyclong.

3." Sampling

3.1 Sampling equipment

The sampling equipment consists of
auxiliary equipment which shall ensd
ing, separation and collection of the g

311 Sampler

The sampler (see figure 1) is equip
sampling tips through which sample n
simultaneously extracted. The tips

able. and if a tip is damaged, it shall

By means of an angular gear mec
gear ratio 2:1, the sampler tips can
concentric circles around the samplg
with eight equally distributed (45°) n

eated air. The
ant during the
erized fuel is

A sampler and
re proper tak-
amples.

ped with four
naterial can be
Are exchange-
be replaced.

hanism with a
be rotated in
r head. A dial
arks indicates
tips at every

the angular positions of the sample

turn of the sampler tips, thus giving 1
itions.

t gives one full
6 angular pos-

The radial positions of the four sampling tips will
ensure sampling from equal areas of the cross-
sectional area of the pipe (see figure 2). The use of
equal time sampling, with the sampler set at the 16
indicated angular positions, thus results in a rep-
resentative sample being extracted from a total of
64 equal-sized areas of the sampling plane of the

pipe.
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Sampler Length ( (see figure 1)

The sampler is equipped with an @djusting device to
ensure tHat the sampler head €an be correctly pos-
itioned in the pipe axis during“sampling. It is also
equipped| with extraction pipes that can be adjusted
in length] in accordancé with the actual pipe diam-
eter to ensure correct\sampler tip path.

In additign, the sampler is provided with an outside
alignmer:{ pini>perpendicular to the sampler tip

plane. Thus, alignment of the pin with the pipe axis

ensures @ sampling plane perpendicular to the pipe.

Figure 2 — Sampling network

d) It shall have a receiver for the g4eparated coal
sample, the receiver being just agequate to re-
ceive the maximum expected volume of sampled
coal.

e) It shall ensure that no condensatipn takes place
in the sampling system during sampling.

Suitable auxiliary equipment which meets all these
requirements is described in annex A.

3.1.2 Auxiliary equipment

The auxiliary equipment shall have the following
performance characteristics.

a) It shall measure and control the amount of ex-
traction gas taken out during sampling.

b) It shall ensure a well-defined sampling period.

c) It shall be able to separate coal particles from
the extracted sample stream with high efficiency.

3.2 Conditions for sampling

3.2.1 Selection of sampling positions

The precision of the sampling with respect to both
mass and particle size distributions depends on the
degree of segregation (roping) and swirling in the
pipes. The occurrence of both phenomena is signifi-
cant immediately downstream of a change in flow
direction which happens, for example, in bends and
pulverizers.

In long horizontal pipe sections, the pulverized coal
will tend to separate from the carrier gas thus
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causing the concentration to be much higher along
the bottom of the pipe, with a risk of settlement.

These phenomena require careful selection of sam-
pling positions.

The sampling positions in all pipes belonging to the
same pulverizer should, if possible, be established
in similar places and at the same distances from
components which may create disturbances, in or-
der to get the same bias in each of the pipes. See

annex B.

The minimum
component to 3
the internal did
tance to a dov
be equal to thg
cause of the cq
is not attainab

3.3 Sampling procedure

3.3.1 Establishing the extraction velocity

First, calculate the mean gas velocity in the pipe at
the sampling position. The calculation should be
based on

— measurement of the quantity of gas supplied to
the pulverizer;

jistance from an upstream disturbing
sampling position shall be five times
meter of the pipe. The minimum dis-
nstream disturbing component shall
internal diameter of the pipe. If, be-
nfiguration, such a sampling position
le, another sampling location, using

another sampling method, may be appropriate.

The pulverized
at the samplin
be caused by 3

coal suspension flow shall not swirl
j position. Swirling can, for example,
pulverizer classifier.

Where samplifpg positions have been chosen, the

pipes shall be
socket axis sh

equipped with a pipe socket. The
all be mounted on the pipe with a

maximum devifation of + 0,35° from radial direction.

The socket sh3
sampler. In the
the socket sho
to ensure dus
sampler. A suif
in A1.1.

3.2.2 Stability

During the tot:
coal fed into th
rate to the pul

When samplin
ing to one puly
the flow condit

Il be threaded to suit the plug and the
case of positive pressure in the pipe,
ild be of the dustless connection type
free insertions and removals of the
able dustless connection is describgd

of operating conditions

bl sampling periody the quality of the
e pulverizer and-theé gas and coal flow
erizer shall e Kept constant.

j succesSively from all pipes belong-
erizerSthe results will only be valid if
ons_in all pipes are stable during the

total sampling

perjod.

— measurement or estimate of the tempelrature at
the sampling position;

— measurement or estimate of-the ‘static pressure
at the sampling position;

— estimate of the quantity.of evaporated whter from
the coal-drying process in the pulverizerl.

3.3.2 Conditioning.and preparation of the sampling
equipment

Connect the’sampler and auxiliary equipmelnt. Clean
and, tolZavoid condensation, heat the pampling
equipment by backblowing (blowing a warm air
stréam in the direction opposite to that uged when
sampling).

Adjust the extraction pipes to the correct I¢ngth ac-
cording to figure 1.

3.3.3 Insertion of the sampler
During insertion and fastening and until pampling
starts, the intrusion of coal particles into the sam-
pling system shall be avoided by continuqus back-
blowing.

Adjust the sampler length (/ in figures 1 gnd 2) so
that the sampler head centre is located at g distance
of not more than 0,3 % of the pipe internal [diameter
from the pipe axis when sampling.

Before inserting the sampler, turn the|sampler

3.2.3 Extraction velocity

The sampling shall be carried out at a gas flow
through the sampler, to give an average gas velocity
through the sampling tip apertures in the range
1,1 + 0,1 times the mean gas velocity in the coal

pipe.

NOTE3 Due to differences in particle and gas vel-
ocities, a sampling gas velocity higher than the mean
carrier gas velocity is required. Experience has shown
that observance of the requirement given in the previous
paragraph results in better samples, both regarding mass
and particle size distribution.

ramdwireet—omtit—the—four—suctiom—pipes—with the
sampling tips are aligned with the sampler shaft.

Remove the plug of the sampling pipe socket. If this
is a dustless connection, the plug should be re-
moved only after compressed air has been supplied
to the connection.

Carefully (to avoid damage to the tips) insert the
sampler head through the socket and fasten it to the
sampler shaft by means of the union nut. Check that
the alignment pin is parallel to the centreline of the

pipe.

Close the air supply to the dustless connection, if
one is used.
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NOTE 4 To ensure clearance between sampler and pipe
wall, it is advisable to turn the sampler head one full turn
inside the pipe and to leave the handwheel in the starting
position.

3.3.4 Taking of the sample

To start sampling, simultaneously start the timer
and switch from backblowing to suction at the cal-
culated velocity (see 3.3.1). Keep the extraction gas
flow constant during the sampling period by adjust-
ing it.

ISO 9931:1991(E)

When using a dustless connection, supply com-
pressed air to it. Unscrew the sampler union nut and
remove the sampler carefully. Plug the sampling
socket. If this is a dustless connection, stop the air
supply to it.

Stop the backblowing and remove the sample bottle
from the sampler. If the sample bottle is an integral
part of the sampling system, empty it carefully into
a sample container.

Close the sample bottle or container with an airtight

Ld ond ool it fo 1oty 1o 6 EH
oo rrra o T o rateTraeTrerreatroT ..

Sample [for 15 s in the first position, turn the
handwhgel to the next indication mark and continue
sampling for 15 s. Repeat the turning and sampling
until sampling has taken place in the 16 angular
positiond.

NOTE 5 | If preferred, sampling may also be performed
by slow cpntinuous rotlation of the sampler head, for ex-
ample on¢ complete turn in 240 s.

To stop gampling, switch from suction to backblow-
ing.

Dependipg on the purpose and as appropriate, du-
plicate spmples to assess the repeatability may be
taken within close time intervals and unchanged
operating conditions.

If the differential pressure of the Venturi decreases
during sampling, a check for blockage shall be made
by incregsing the suction. If the differential pressure
does notlincrease, a blocked tip is confirmed_Abort
the sampling test and clear the blockage.

3.3.5 Regmoval of the sampler and sample
Turn the| handwheel to the nexthindication mark in

order to|aligh the four suction_pipes with the sam-
pling tipd and the sampler_shaft.

Clean the sampling system by backblowing.

The next sample can be takén by sfarting the pro-
cedure from 3.3.3.

4 Sampling report

The sampling report shall include the following in-
formation:

a) a reference to this International Standard;
b) tigve and place of sampling;
¢) identification of the operator;
d) sampling conditions, for example coal type,
pulverizer operating conditions|and readings
necessary to calculate the extraction gas flow;

e) sample identification;

f) any unusual and irregular featurds noted during
sampling.
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This annex cont
ary equipment

E)

Annex A
(informative)

Description and operation of suitable auxiliary equipment

ains a description of suitable auxili-
which

meoets tho roauireamaenis
Al

i) shut-off valve (9);

specified in 3.1.‘t2. It also describes the operation of

the auxiliary eq
the procedures

AA1
The auxiliary eq

withstand the p
position.

The arrangemg
shown in figurg
3.1.1.

The auxiliary €
parts (the num
used in figure A
a) dustless con
b) cyclone (2);
c) sample bottl
d) reinforced hq
e) Venturi nozz
fy water gauge

g) control valve

h) ejector (8);

ipment when sampling according to
given in 3.3.

Descripfion of auxiliary equipment

uipment used should be suitable to
ressure in the pipe at the sampling

nt of the sampling equipment is
A.1. The sampler is described in

quipment consisls of the following
pers in parentheses refer to those
1):

hection (1);

e (3);
pse (4);
e (5);
(6);
(7);

j) bypass valve (10);

k) filter (11);

Iy air filter (12);

m) electric air-heater (13).

A.1.1 Dustless connection
When sampling ftom a pipe with positive pfessure,
a dustless connection should be installed td ensure
dustfree insertion and removal of the sampler. A
suitable dustless connection is shown in figyre A.2.

A.1.2, Cyclone

To'ensure the separation of small particles from the
sampling stream, a high efficiency cyclone|can be
used. A suitable cyclone is shown in figure A.3.

The cut-size for the cyclone can be calculated after
Perryll for the actual air flows. For coal particles
with a density of 1 400 kg/m3, the results arg¢ shown
in figure A 4.

The efficiency for other particle sizes is cajculated
after Leith and Lichtl?2], and the results are shown in
figure A.5.

end of
be at-

A sample bottle lid is fastened to the lowe
the cyclone, enabling the sample bottle tg
tached easily.
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Figure A1 — Arrangement of sampling equipment
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A.1.3 Sample bottle

A 500 ml polyethylene bottle is suitable for use as a
sample bottle for most applications.

A.1.4 Reinforced hose

The hose connects the cyclone and the Venturi noz-
zle [see figure A1, (5)]. It should be as short as

possible (2 m to 3 m) to avoid condensation, and the
internal diameter should be 10 mm to 13 mm to give
little pressure drop but sufficient transport velocity.
The reinforcement prevents the hose from collaps-
ing due to negative pressure.

Handle for opening and

closing the alr sUit h\

Threads for socket

._}/

LLLL va

V777 7

P>
77

I

Alr slit
_\

7,

———

ﬁ

NNNNNNN

Compressed alr

1A,

=

Threads for sampler
axlal lock and plug

Figure A.2 — Dustless connection
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Dimensions in millimetres
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Figure A.3 — Dimensioned drawing of a cyclone (See, for example, BS 3405[4]))
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Figure A.5 — Cyclone efficiency for particle sizes other than /);,
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A.1.5 Venturi nozzle

A Venturi nozzle can be used to measure the air
flow during sampling. A suitable Venturi nozzle is
shown in figure A.6 and a calibration chart for it is
shown in figure A.7.

As an alternative to a calibration chart, the following
equation, which is derived from the calibration data
in figure A.7, can be used:

ISO 9931:1991(E)

A.1.8 Ejector
The ejector supplies suction for the sampling sys-
tem. It shall be dimensioned to yield sufficient vac-

uum, depending on the static pressure at the
sampling points.

A.1.9 Shut-off valve

The shut-off valve is used for fast switches from

bressurization
changes from

0,3551,2 sampling to backblowing and vice-versa.
23+t
A.1.10 Bypass valve
where
. . . . . The bypass valve is used to)prevent
14 is the differential pressure, in kilo- of the sample bottle and hése during
pascals; suction to backblowing.
v is the extraction velocity, in metres per
second; A.1.11 Filter
{ is the extraction gas temperature, in de- The filter, for example a vacuum cleanler paper bag,

grees Celsius.

A.1.6 Water gauge

The water|gauge is connected to the Venturi nozzle.
It should be able to measure 4 kPa to avoid blow-

through of|

A1.7 Cd
The contrg
a) for adj
throttlin
figure A

b) for bac

the gauge.

ntrol valve

| valve is used

istment of the extraction gas velocity by

g compressed air to ejector [see

1, (8)]. and

kblow control.

captures the~fine coal dust which esc
cyclone.

hipes from the

A.1.12 Air filter

air entering

The air filter ensures that compressex
d water.

the sampling system is free from oil a

A.1.13 Electric heater

The electric heater heats the compre
preventing condensation in the sam
Normally, a power of 0,5 kW is suffig
temperature should be controlled to
heating of the auxiliary equipment.

sed air, thus
bling system.
ient. The air
avoid over-

Dimensigns in millimetres

Sharp edge "
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Figure A.6 — Example of a suitable Venturi nozzle
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Extraction gas

Differential pressure (kPa)

temperature
50°C 100°C

/,'/

|7

- /

A.2 Operatjon

When sampling, the auxiliary equipment described
is used in the|following manner. (The _numbers in
parentheses réfer to those used in figure)A.1)

A.2.1
3.3.1)

Establjshing the extraction velocity (see

When the extraction gas\velocity has been calcu-
lated, the corfespondifg)water gauge (6) reading
may be found|using_the Venturi nozzle calibration
data (see figurp A®7) or the equation in A.1.5.

Figure A.7 — Calibration chart for the Venturi nozzle shown in figure A.6

T | I
28 30 32 34 36

Extraction veloclty {m/s)

Sampling can be started when the cyclong (2) and
the sampler (see 3.1.1) are hand-warm. The¢ heating
sysiem shall be switched on during the whole sam-
pling period.

The control valve (7) is closed while a cleap sample
bottle is fitted to the cyclone (2).

Before insertion of the sampler, an approximate
setting of the control valve (7) is found by |Jan open-
air suction test with the required extraction| velocity.
A leak test of the equipment is performed by placing
the finger tips over the four sampling n¢zzles to
check that the Venturi differentials drop to zero. The
bypass valve (10) is also adjusted to avoid| extreme

A.2.2 Conditioning and preparation of the
sampling equipment (see 3.3.2)

The sampling equipment is heated (to avoid
condensation) and cleaned in the following way.

The air-heater (13) is switched on and the tempera-
ture set to between 80 °C and 85 °C. A spare sample
bottle is fitted to the cyclone (2). Compressed air is
connected and backblowing established by closing
the shut-off valve (9) and opening the control valve

(7).

12

pressurization during backbiowing.

A.2.3 Insertion of the sampler (see 3.3.3)
Backblowing with the control and bypass valves, (7)
and (10), in the preset positions is continued during
this operation until sampling starts. It should be
noted that the Venturi nozzle/water gauge cannot
be used for measurements during backblowing.

A.2.4 Taking of the sample (see 3.3.4)

Sampling is started by opening the shut-off valve (9).
The extraction gas flow is adjusted to the appropri-
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ate reading on the water gauge (6) using the control
valve (7). During the sampling period, the extraction
gas flow is kept constant by adjusting the control
valve. The bypass valve (10) is kept in the preset
position.

Sampling is stopped by closing the shut-off valve (9),
which changes the operation from suction to back-
blowing.

ISO 9931:1991(E)

A.2.5 Removal of the sampler and sample
(see 3.3.5)

Backblowing is continued during removal of the
sampler, but stopped before removal of the sample
bottle (3) by closing the control valve (7).

13
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Figure B.1 — Example of segregation in a vertical pipe system
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