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Foreword

When this standard was originally issued in 1957, it formed one of a group of
similar publications designed to assist heating engineers and other interested
parties in the assessment of the output and efficiency of various types of heating
installations.

One of the Committees established when the International Organization for
Standardization (ISO) was inaugurated in 1947 was ISO/TC64, whose field of
work was methods of test for fuel using equipment, and an early draft of BS 2885
was submitted for their consideration. This document formed the basis for an
intensive study of the essential test requirements and was eventually accepted,
after substantial modification, and published as an ISO Recommendation,
ISO/R 889 “Test code for stationary steam generators of the power station type”.
Apart from minor differences in layout and wording, ISO/R 889 corresponded
very closely to the original BS 2885 and as the former is now, in common with the
majority of ISO Recommendations, being considered for re-issue as an ISO
Standard, the opportunity has been taken to adopt it as a revision of BS 2885.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and ii,
pages 1 to 48, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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1 Scope
This British Standard establishes the procedure for conducting acceptance tests on direct fired stationary
steam-generating units of the power station type and presenting the test results in tabular form.

It provides for the determination of the heat output and of the thermal efficiency. The heat output should
be determined by direct measurements. The efficiency should be determined by one of the following
methods:

Method A : where possible, from the establishment of a complete balance, or

Method B : where this is not possible, or where the expected accuracy of measurement of heat input or
heat output is unacceptable, by the determination of all losses.

In either case the thermal efficiency may be expressed in terms of either the net or the gross calorific value
of the fuel.

The net thermal efficiency, based on the heat output reduced by the thermal equivalent of the power used
by auxiliaries, is not employed in this standard. The power used by auxiliaries is to be separately recorded
in its appropriate units in the test report.

Provision is also made for the determination of the performance of the draught plant and pulverizers, and
also for the determination of steam purity, where such tests are required to demonstrate compliance with
the provisions of a contract.

The question of contractual tolerances is outside the scope of this standard. The probable errors involved
in performing a test may be determined by combining the individual errors likely to arise from the separate
measurements by one of the established statistical procedures.

This standard applies to large direct fired steam generators, primarily of the water tube type, which may
be equipped with superheaters, reheaters, economizers, air heaters, or combustion and steam temperature
control equipment.

The water circulation in the boilers may be by natural convection or by pump or by a combination of natural
convection and pump.

The steam generators may be fired by solid fuel, liquid fuel, gaseous fuel, or a combination of any of these
fuels.

NOTE The titles of British Standards referred to in this standard are listed on the inside back cover.

2 Definitions
For the purposes of this British Standard, the following definitions apply in addition to those in BS 526,
BS 1846-2, and other relevant standards.
stationary steam generating unit
a boiler with or without any or all of the following heat exchanging components:
superheaters,
reheaters,
economizers,
air heaters,
and including
plant for collection of grits or dusts for refiring in the furnace,
combustion and steam temperature control equipment,

ancillary plant or equipment which may be required for the proper operation of the unit, to an agreed
specification,

but excluding
coal handling plant up to the outlet of the raw coal bunker,
ash handling plant (except plant for return of ash to furnaces),
plant for handling grits and dusts for external disposal,
oil handling plant before the inlet to the oil heater,
gas mains up to but excluding the main gas stop valve or isolating valve to the gas distribution mains
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supplying the individual gas burners,

feedwater heaters before the economizer,

steam and feed mains except on the boiler side of the boiler isolating valves.
heat output

the heat value of the steam supplied by the unit, less the heat values of any feed water and steam returned
to the unit

heat input

the heat value of the fuel used by the unit, based upon the net or gross calorific value as may be required
by the contract, plus any waste heat that may be supplied to the boiler from an external source under the
terms of the contract

thermal efficiency

the heat output, less any heat (other than waste heat) supplied to the unit from a separate thermal source
other than that supplied in fuel or as mechanical or electrical energy, divided by the heat input

calorific value

calorific values shall be expressed in terms of the joule or its equivalent:
1 cal;;y =4.1868 J

all calorific values used shall be those at constant pressure and corrected to one atmosphere standard
pressure = 1.013 25 bar?. The standard reference temperature for the calorific values of solid, liquid and
gaseous fuels shall be 25 °C. The calorific values at constant pressure as defined in BS 526 shall be used

3 Guiding principles

3.1 Method of determining efficiency. A test according to Method A (see Clause 1) requires the direct
determination of the heat output and input as part of the establishment of the heat balance. In a test
according to Method B, one of these primary quantities is unmeasured and the efficiency is obtained by
subtracting the various losses, expressed as percentages, from 100 %, making due allowance for the effect
of the heat input to the auxiliaries. Whether the heat input is measured or not, it is still necessary to carry
out sampling and analysis of the fuel and the gases, as well as of the refuse. Special precautions should also
be taken in relation to the determination of the losses, and these precautions are mentioned where
appropriate in Clause 4.

3.2 Preliminary observation of plant. Before any arrangements for acceptance tests are made, the
plant should be observed in operation for as long as may be necessary to confirm that the specified working
conditions can reasonably be met.

Such working conditions are the following.
a) Output
1) from main boiler stop valve,
2) from reheater(s), if installed.
b) Pressure of steam

1) at the superheater outlet,

2) at the inlet to the reheater(s),

3) at the outlet from the reheater(s).
¢) Temperature of feed water entering the unit.
d) Temperature of steam

1) at the superheater outlet,

2) at the inlet to the reheater(s),

3) at the outlet from the reheater(s).

D 1 bar = 102 kPa.
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e) Temperature of air
1) ambient air,
2) externally preheated combustion air (if applicable).

The working conditions should be attained at positions specified in the contract or, failing such
specifications, at a point immediately adjacent to the component concerned.

It should also be verified that the appropriate fuel or fuels can be burned at the necessary rates and it
should be established by flue gas analysis that at these rates there are no significant losses due to unburnt
gases.

If such preliminary observation discloses that the specified working conditions, as listed above under 3.2 a)
to 3.2 e) inclusive, cannot be met in any one or all particulars, or if the characteristics of the available fuel
are different from those specified, the test may be carried out, by agreement between the parties, under the
operating conditions shown to be feasible, and on agreement also on the resultant changes in the guarantee
values.

It is recommended that correction curves for deviations from the reference temperature of feed water
temperature, temperature of steam at inlet to the reheater(s), externally preheated combustion air and
external air, as well as for deviations of steam throughput and fuel analysis, should have received the prior
agreement of the parties and should preferably have been written into the contract.

3.3 Items on which agreement should be reached. The tests should be conducted by a competent
experienced person who should be appointed by the parties to the test.

The parties concerned should agree, before the tests, on the following matters.
1) The extent of the duties and responsibilities of the designated competent person.
2) The specific objects of the tests (see Clause 1).

3) That the specified working conditions can reasonably be met and that the appropriate fuel(s) can be
burned at the necessary rate(s) (see 3.2).

4) Correction curves or tables for deviation of test conditions from stipulated operating conditions
(see 3.2).

5) The number and duration of the tests (see 3.7).

6) That the specified fuel to be used in the tests is available in adequate quantity to meet the
requirements of 3) above (see also 3.4).

7) In the event of a plurality of fuels being burned, the ratio of the different fuels to be used.

8) The method of evaluating the efficiency, 1.e. either through the determination of a complete heat
balance by Method A or through an evaluation by Method B (see Clause 1 and 3.1).

9) The method of expressing the thermal efficiency, i.e. whether in terms of gross or net calorific value.
10) The general method of operation and responsibility for operating the plant during the tests.

11) If various manufacturers are involved, their respective responsibilities for the performance of the
component plant items and of the plant as a whole.

12) The laboratory, or laboratories, of recognized standing to make the necessary analyses of fuel and
refuse.

13) The provision of reserve fuel samples and refuse samples (see 4.12 and 4.14).
14) Any departure from the methods of measurement prescribed by this code.
NOTE Such departures should be recorded in the Test Report.

15) The steam tables to be adopted.

16) The state of the plant, i.e. cleanliness of contact surfaces, wear and tightness, and the operation of
cleaning equipment (see 3.4).

17) The operation of blow-down and, if to be used, the method of measurement (see 3.4).
18) The operation of integral ash-quenching equipment (see 3.4).

19) The method of measurement of fuel (see 4.11).

20) The method of sampling fuel (see 4.12).

21) The method of fuel grindability determination (see 4.12 and 4.22).

22) The method of determining the mass of refuse (see 4.14). D t
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23) The method of assessment of heat losses from water-filled ash hopper and from solid residues of
combustion (see 4.16).

24) The method of sampling refuse (see 4.15).

25) The method of flue gas analysis (see 4.7).

26) The method of measuring feed water (see 4.8).

27) The instruments to be used for temperature measurement (see 4.5).

28) When testing according to Method B the value to be adopted, where necessary, for radiation and
convection loss (see 4.18).

29) The methods of steam purity measurements and correction, and of boiler-water conditioning
(see 4.23).

30) The location of instruments (see 4.3).
31) The measurement intervals (see 4.3).
32) The conditions under which a test should be terminated as unsatisfactory (see 3.8).

3.4 Preparation for test. Before an acceptance test, the plant should be placed at the disposal of the
manufacturer for examination in order to ascertain that it is in suitable condition, in particular that the
steam generator is in the specified state of cleanliness.

The furnace casing, gas and air conduits, and casings of the economizer and air heater should be tested for
leakage, and any abnormal leaks should be stopped before the test is started.

During the test, the cleaning equipment should not be operated except by prior agreement between the
parties concerned, in which case the fact should be recorded in the test report and the times and periods of
such operation should be stated.

During an acceptance test, the boiler should not be blown down nor should the integral ash-quenching
equipment be operated unless such operations are specifically agreed between the parties, or specified in
the contract as permissible during the test. In this event, the times and periods of operation should be
recorded in the test report.

The unit under test should be completely isolated from any supplies of feed water or fuel other than those
passing through their respective measuring devices. Precautions should be taken to avoid all leakages of
water or steam, inwards or outwards, which will affect the results of the test. Similar precautions should
be taken with liquid or gaseous fuel. Wherever practicable unused pipes should be blanked off, otherwise
continuous supervision must be possible.

In preparation for any test the plant should be run for a sufficient time to attain a reasonable equilibrium
of temperature and combustion at test load condition. Normally it is recommended that the plant should
have been in continuous operation for three days before the commencement of the test; of the

last 12 hours, 9 hours should be within + 25 % of the test load and the last 3 hours at the test load.

During these last 3 hours the following conditions should prevail:
a) the steam output should not vary by more than + 3 % from the test value;
b) the extreme values of steam pressure should not differ from one another by more than 6 %;

¢) the extreme values of difference between the temperatures of the gas at the unit exit and the ambient
air should not differ from one another by more than 6 %.

During the whole of the preliminary running the unit should be fired with the fuel(s) agreed upon for the
test, unless otherwise agreed (see 3.1 and 3.2).

3.5 Preliminary test. A preliminary test should be made for the purpose of:
a) checking the operation of all instruments;
b) the training of observers and other test personnel;

c¢) establishing proper combustion conditions for the particular fuel(s) and rate(s) of burning to be
employed, and ensuring the absence of unburnt gases in the flue.

Normally the duration of the preliminary test need only be such as to fulfil these purposes but, should it
be established that all the requirements of a regular test are being met, the preliminary test may be
continued for the full duration of an acceptance test subject to the continued compliance with the
requirements of this code and as specified in 3.7, and, with the agreement of the parties, may be recognized
retrospectively as a regular acceptance test.
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3.6 Conditions at beginning and end of test. The following values should show adequate agreement at
the beginning and end of the test:

a) combustion conditions;

b) excess air;

c¢) rate of feeding fuel,

d) rate of feeding water;

e) steam pressure;

f) water level in drum;

g) main steam and reheat steam flows.

With grate firing, and particularly when using Method A of efficiency determination, the stock of fuel on
the grate and its condition should be the same at the beginning and end of the test.

With mechanical grates, the average grate velocity and the height of the fuel layer, at least during the
period of one pass of the fuel on the grate, should be the same at the beginning and end of the test. These
values should, therefore, be observed for an adequate period before commencement and after termination
of the test.

In view of these conditions it is recommended that in cases where, in compliance with 3.7, a test of long
duration necessitates a change of observers during its course, the observers at the end of the test should be
the same as at the beginning.

3.7 Duration of test. To meet the conditions of 3.6 the plant should be run under test conditions for not
less than 1 hour before and after the test period, or for such time as to collect sufficient data to establish
that similar and steady conditions prevailed at the beginning and end of the test. The final hour may be
omitted by agreement between the parties if pulverized fuel directly fired on the unit system, gaseous or
liquid fuel is being used.

In fixing the duration of efficiency tests, the limiting factor with solid fuels is generally the time necessary
to reduce the variation in the quantity of fuel in the system at the beginning and end of the test to such a
small percentage of the total fuel consumption as not to influence appreciably the measured efficiency.

For plant which is fired by a travelling-grate or spreader stoker, a minimum period of 6 hours is
recommended.

If retort stoker firing is employed, there should be a preliminary period of 24 hours followed by the actual
test period of 24 hours minimum duration. A final control period of 12 hours should follow the actual test
period.

With pulverized fuel, directly fired on the unit system, or with oil fuel or gas firing, a period of 4 hours in
addition to the control period or periods is usually sufficient.

In the case of pulverized fuel not directly fired from the pulverizer, a longer period is usually necessary for
the correct determination of the fuel consumption. The duration can only be determined by an examination
of the plant and the possible variation of the quantity of fuel contained in the system between the point of
weighing the fuel and its delivery to the furnace. The test should be of sufficient duration to reduce this
variation of the quantity to a percentage of the total fuel consumed which is consistent with the required
degree of accuracy of measurement.

For boilers with slag-furnaces, under certain circumstances, the foregoing test periods may need to be
extended and the test duration should be the subject of agreement between the parties, having regard to
the foregoing considerations, the characteristics of the plant and the desired degree of accuracy.

When testing by Method B, 4 hours, in addition to the control periods, is usually sufficient.
Except in the case of tests of long duration, when the precaution noted in 3.6 should be observed, it is not

desirable to change observers during a test. It is recommended (see 4.3) that the intervals between
readings should be so chosen as to avoid unnecessary fatigue.

3.8 Rejection of test runs. A test may be either discontinued or rejected by either of the parties after
completion for reasons which should have been the subject of prior agreement and which may relate to
certain eventualities, such as grave contradictions in the observed data, substantial divergencies between
the properties of the fuel used and those originally laid down for the tests etc.

In particular, the test may be discontinued or rejected if excessive variations occur of pressure or steam
output, or of steam temperature.
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Such variations may be considered as “excessive” and may therefore involve the rejection of the test unless
otherwise provided for in the contract, if they are such as to disturb the equilibrium running defined in 3.4
as having to be reached before the tests actually begin.

NOTE 1 Variations during the test, if they are of long duration, may involve the rejection of the test when they correspond to
deviations greater than those laid down as criteria in 3.4.

NOTE 2 Momentary variations may exceed the limits specified in 3.4 without involving the rejection of the test providing that,

taking into account the frequency, duration and time of occurrence of the variations, the parties agree that the variations are not such
as to upset appreciably the equilibrium of temperature in the different parts of the generator.

4 Instruments and methods of measurement

4.1 General. Application of this code involves the determination of all or part of the following quantities:

Heat output (see 4.8 to 4.10)
Heat input (see 4.11 to 4.13)
Losses due to refuse (see 4.14 to 4.16)
Losses due to flue gases (see 4.17)
Radiation and convection loss (see 4.18)
Energy used by auxiliaries (see 4.19)

The object of this clause is to provide rules for the correct execution of measurements relating to these
quantities.

The use of unconventional means of making and recording test measurements is permitted, provided that
the accuracy and suitability of such methods can be demonstrated to the satisfaction of the parties
concerned.

4.2 Type and calibration of instruments. In this clause are given alternative methods of measurement
which can be employed and the parties to the tests should agree upon the methods to be adopted. Any
departure from these methods, or the use of any instruments not covered by this code, should also be the
subject of prior agreement and any such deviations from the prescribed procedure shall be fully described
and recorded in the test report.

Recording or integrating devices should be used only by express agreement between the parties and
provided that their use will not lead to the loss of accuracy. Calibrations should be carried out before the
tests of all instruments and apparatus which are vital to the objects of the tests. In some cases it may be
considered necessary to repeat calibrations after the tests.

4.3 Location of instruments and periodicity of readings. The location of all instruments should be
agreed upon by the parties prior to the commencement of the test. Where possible at no sacrifice of accuracy
the use of remote indicating instruments is recommended, and the location and grouping of all
instruments, whether local or remote reading, should be considered from the standpoint of the observers,
with the object of ensuring accurate measurements with the minimum of fatigue, having due regard to the
agreed duration of the tests.

All readings should be taken at such frequency as may be necessary to determine the true average. Except
for flow measurements, the interval between readings should normally be 10 min to 15 min provided that
there are not less than 25 uniformly spaced readings. If, however, there are sudden and wide fluctuations,
it may be necessary to reduce this interval. In the case of flow measurements using indicating instruments,
half minute intervals are recommended, unless otherwise agreed.

It should be noted that too short intervals can result in an increase in the error due to fatigue of the
observers taking the readings.

As far as possible the initial readings, and the final readings, of all quantitative measurements should be
taken simultaneously. The steady-state values are best read off a short time before the beginning of the
test period.

It is recommended that all readings should be continued throughout both the initial and final control
periods.

4.4 Recording of data. The observed data should be directly recorded by each observer on log sheets
designed for the purpose. The log sheets should include the reference number of all instruments.
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4.5 Temperature measurement
4.5.1 The following types of thermometer may be used for temperature measurement.

a) Mercury-in-glass solid stem thermometers with scales suitable for the measurement to be made
(see BS 593 and BS 1704).

b) Electric resistance thermometers with Wheatstone bridge or similar “null” balance instrument
(see BS 1041).

¢) High-grade thermocouples used with a potentiometer or digital voltmeter of suitable accuracy
(see BS 1826, BS 1827, BS 1828 and BS 1829).

4.5.2 The following precautions should be observed during temperature measurement.

a) If possible, the locations for temperature measurement should be so chosen or arranged that both
velocity and temperature distribution are reasonably uniform over the cross-sectional area of the pipe,
flue or duct at the measuring point. For large ducts it is recommended, and in tests according to
Method B it is essential, that multi-point sampling be employed.

b) The method of measurement should be such as to minimize the quantity of heat transmitted through
radiation or convection to and from the thermometer, other than heat from the medium being measured.
Where this is not possible, the necessary corrections should be applied.

¢) Thermometer pockets or wells should preferably be dry, especially for high temperature
measurements, but the pocket (apart from the vicinity of the sensitive element) should be loosely packed
with suitable insulating material to reduce air circulation and loss of heat. If the use of a liquid is
considered desirable to improve contact between the pocket and the sensitive element of the
thermometer, only the minimum amount of liquid should be used. Care should be taken to avoid damage
to the sensitive element by the liquid, and to avoid the setting up of convection currents in this liquid.
The measuring instrument should be in contact with the bottom of the pocket.

d) When thermometer pockets are fitted in pipes it is desirable that the sensitive element of the
thermometer should extend as near to the centre-line of the pipe as is practicable. For pipes of less
than 100 mm internal diameter the sensitive element should in all cases be situated completely within
the bore of the pipe. This may mean inclining the pocket or element at an angle of less than 90° to the
axis of the pipe. For the smaller pipes this can be accomplished by fitting the pocket axially at a bend.

For pipes of 100 mm and up to 300 mm internal diameter, some inclination of pockets and elements
may be needed in the smaller pipes of the range. In the larger pipes the complete sensitive element
should be in the region of the pipe centre-line.

For pipes of 300 mm internal diameter and over, where danger of pocket vibration prevents the use of
pockets reaching to the centre of the pipe, the immersed lengths should be as great as possible
consistent with safety.

For pipes exceeding 460 mm internal diameter it may be necessary to take temperature readings at
several points in one plane in order to ensure that a reasonably accurate average temperature is
measured.

e) Pockets and walls should be as thin as possible, consistent with strength, and the inner diameter
should be as small as possible, just sufficient to accommodate the thermometer or
temperature-measuring element. It is important that the thermometer pockets and walls should be
clean and free from oxides or other corrosion products.

f) The stem of a mercury-in-glass thermometer should project as little as possible from the medium of
which the temperature is being measured; the stem temperature of the exposed portion should be
measured by means of an auxiliary thermometer and a stem correction applied.

g) If a mercury-in-glass thermometer is employed at “full immersion” it should be withdrawn for reading
only far enough to reveal the top of the mercury thread.

h) In measuring the temperature of flowing media, the heat-receiving part of the apparatus should not
be in a dead space.

J) When gas or air temperatures are to be measured in ducts of large cross-sectional area, temperature
traverses should first be made and single-point measurement may be adopted if a point of average
temperature is found under the conditions under which the test is to be made. In other cases
arrangements should be made for multi-point temperature measurement.
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k) The temperature of steam used for heating oil should be taken at the point at which the flow of steam
is measured, which should be as near to the source of supply as convenient in order to debit the heater
with any pipe losses for which it may be responsible. Where any other method of measurement of steam
flow is employed a similar result should be secured.

4.6 Pressure measurement. Steam and water pressures should be measured by calibrated Bourdon-type
gauges (see BS 1780), dead-weight gauges or their equivalents. Diaphragm gauges should not be employed.

The scale markings of the Bourdon gauges should be of plain straight lines or dots, and a difference of 1 %
of the working pressure should be easily read on the scale. Bourdon gauges should be calibrated under
pressure and ambient temperature conditions approximating to those obtained during the test, using
standard dead-weight test gauges before and, if required, after the tests.

The dead-weight gauges should be examined and it should be ensured that the piston revolves freely. The
diameter of the piston should be measured and the weights should be compared with authentic standards.

Both types of gauges should preferably be located with pipes as short as possible and mounted in a location
where they will not be disturbed by vibration.

They should be kept cool by means of siphon tubes or an equivalent in which steam may be condensed. To
avoid errors because of unbalanced water columns in the convolutions, the siphon tubes should have as few
convolutions as possible consistent with the gauge being kept cool. In order that gauges may be kept cool
with a minimum number of convolutions, the gauge pipe connections should be absolutely steam tight.

Should there be evidence of pulsations shown by the gauge pointer during any test, the reasons for such
pulsations should be investigated. Oscillations should not be damped by throttling the connection to the
gauge.

Pressure gauges mounted on panels remote from the point of measurement may be used, provided that they
are calibrated by comparison with an instrument connected in the manner described above and that
allowance is made for the pressure of the water column in the connecting pipe.

Dead-weight gauges for accurate pressure measurement may be connected directly to the point where the
reading is required. They may, for example, be connected to the inlet and the outlet of a reheater to
determine the steam pressure drop. Differential steam pressure gauges may be used for this purpose
provided that allowance is made for any difference in level between the tapping points.

Gas and air pressures may be measured by commercial gauges mounted on panels remote from the point
of measurement, provided that they are calibrated against a liquid manometer connected at the point of
measurement. Alternatively, liquid manometers may be used.

Mercury, paraffin, or other liquids may be used in manometers and corrections for density should then be
applied to reduce the readings to water gauge equivalent. The density of the liquid at the working
temperature should be used in conversion.

The pipe connecting the instrument to the pipe or duct should be flush with the inner surface. For ducts in
which the velocity distribution in a plane at right angles to the axis is highly variable, it may be necessary
to use a “side” gauge and to carry out a traverse of the area.

Pressures of steam used in heating and atomizing oil should be taken at the point at which steam is
measured by means of a steam flowmeter [see 4.5.2 k)].

4.7 Sampling and analysis of flue gases. Sampling and analysis of the flue gases leaving the unit are
required (see BS 1756), and frequently similar determinations are made at other points in the unit.

Much care is necessary in selecting the point of sampling of the flue gases. The difficulty is often
accentuated by the large cross-sectional area of the flues. Stratification may be particularly bad where
rotating air heaters exist and there may also be considerable variation in gas analysis over the duct due to
air infiltration.

Before the test the ducts where gas analyses are required should be explored, under the conditions of load
and combustion expected on the test, to ascertain the distribution of carbon dioxide or oxygen, if this
reveals a point where a reliable mean exists, single point sampling may be adopted with the end of the
sampling tube in this position. For large ducts it is recommended, and in tests according to Method B it is
essential, that multi-point sampling be employed. For those cases where reliable mean positions cannot be
obtained, the best practicable method of obtaining a representative result is to sample the flue gases and
make velocity measurements at the centres of equal areas across the section of the ducts in order that a
welghted average may be calculated taking into account the gas temperature as well as its velocity. For
some cases such velocity measurements may not be necessary and an arithmetic average will suffice.
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Where the induced-draught fans, if installed, are situated adjacent to the final heat exchanger in the
system, so that there is no important infiltration between the two, gas samples may be taken at the
discharge of the fans, where complete mixing has taken place.

Sampling tubes should be made of material suitable for the temperature encountered. For sampling
high-temperature gas, such as at a furnace or at the entrance to a waste-heat boiler, suitable water-cooled
samplers should be employed. Sampling lines should be as short and straight as possible, should be
accessible for cleaning and blowing out, should slope in the direction of flow, should be suitably drained if
necessary, and should be maintained tight. Tests for tightness should be made at the beginning and at the
end of a run.

Analyses should be made at frequent intervals. A suitable apparatus is the Orsat and using this for carbon
dioxide or oxygen the interval could be, for example, 15 min. When the test is made according to Method B,
it is necessary to use a more sensitive apparatus for the detection of unburnt gas.

4.8 Determination of steam output. The steam output should be determined either by measurement of
the feed water quantity or, where the parties agree that this is to be preferred, having regard to the
duration of the test and the water content of the boiler, by direct measurement of steam flow. Whether the
determination of steam output is made by water or steam measurement, reference should be made to

BS 1042, BS 3285 and BS 3812.

The feed water quantity may be measured by
a venturi meter of the precision type, a nozzle or an orifice
actual weighing by means of tanks and suitable scales
calibrated volumetric measuring tanks

as may be agreed by the parties to the test.

It is recommended that when reciprocating pumps are used, the mass or volume of the feed water should
be determined, if this is permissible, having regard to the oxygen absorption of the feed water. In no case
should vane-type meters be used in conjunction with reciprocating pumps, nor should the flow
measurement be made with venturi tubes, nozzles or orifices.

The drum water level should be as nearly as possible the same at the end of the tests as at the beginning
and a suitable correction should be applied for any difference. The level at the beginning and end should
be recorded.

All leakages at safety valves, blow-off valves, feed water heaters, pumps, joints, stuffing boxes, and
through-connecting piping which may affect the test results should be eliminated, reduced to an amount
which to the satisfaction of all parties concerned may be ignored, or measured and accounted for. Exrrors
due to steam or water entering or leaving the equipment under test through connecting piping should be
obviated by blanking off such connections or by providing open tell-tale drains to give visible assurance that
no flow exists.

The amounts of water at all points where it can accumulate between points of measurement and the boiler
(such as surge tanks, feed water heaters and receiving tanks to which measuring tanks discharge) should
be checked at appropriate intervals during the test and at the start and conclusion of the run, and proper
allowances made.

4.9 Measurement of blow-down. Blowing down during a run should be avoided, but when the boiler is
to be blown down during the test, the quantity of the blow-down should be determined where possible by
direct measurement of the cooling water to any blow-down cooler and of the inlet and outlet water
temperature.

4.10 Measurement of flow of reheated steam. The quantity of reheated steam should be calculated by
deducting from the measured main steam quantity the amount of non-reheated steam calculated from
observations on the turbine and feed heating system. Where this is not possible, the reheated steam should
be measured by steam flowmeter.

In addition, for reheaters, measurements of the steam temperature entering and leaving, of the steam
pressure entering and leaving, and if necessary of the steam quality entering should be made.
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4.11 Measurement of fuel. The solid fuel rate should be obtained by means of tipping weighers, platform
weighers or weigh-bridges. The error of the machine at the range of loads weighed should be less

than + 0.1 %. Automatic apparatus may be used, provided that means are available for determining or
compensating for the weight of each individual tip to the above degree of accuracy. Where such means are
not available tipping should be carried out by hand. Care should be taken to see than the weighing
containers are completely emptied between weighings.

The amount of fuel between the point of weighing and the point of combustion should be kept as small as
possible and, wherever practicable, should be kept to the same amount at the beginning and at the end of
the test. Where this is not practicable, the change in quantity of fuel so stored should be estimated and the
appropriate correction made.

Fuel to be pulverized should be weighed before pulverizing.

Oil fuel should be weighed or measured in tanks that have been calibrated by direct weighing. If specifically
agreed, flowmeters may be used, but these should be carefully calibrated under test conditions. The
precautions referred to for solid fuel regarding storage between point of weighing and point of combustion
should be observed with oil fuel.

The quantities of gaseous fuels should be measured by means of meters of the nozzle, orifice, venturi or
pitot-static type.

The construction of nozzles, orifices, venturis or pitot-static tubes, their location and installation and the
connecting system between the primary element and the manometer should be in accordance with the code
on flow measurement (see BS 1042). Where direct-reading manometers are not used for measuring
differential pressure, the pressure measuring instrument should be of the precision type with the minimum
number of moving parts and its setting should be checked against a water or mercury column before and
after the test with the reading both rising and falling. Care should be taken to damp out pulsations of the
flow which may be present. The temperature and pressure at the point of volume measurements should be
measured in accordance with 4.5 and 4.6.

4.12 Sampling and analysis of fuel. Solid fuel should be sampled and analysed in accordance with

BS 1017 and BS 1016 respectively. The degree of accuracy in sampling should be to 0.25 % in ash and
moisture. Reserve samples should always be taken so that in the event of mishap to the original samples
or a dispute arising they will be available for analysis. The fuel should be sampled at the point of weighing
for screen analysis, proximate analysis, ultimate analysis, calorific value, ash fusibility and, in the case of
pulverized fuel installations, for grindability. The sampling should be on a correctly weighted basis to allow
for different rates of fuel flow at each sampling point, and this can conveniently be ensured by sampling at
each weigher and by taking a fixed number of increments per tip.

The grindability determination should be made by the method quoted in the contract or by an agreed
method if there is no mention in the contract.

In the case of fuel mixtures the above characteristics should be determined separately if possible and the
characteristics of the mixture found from the proportions by mass of the constituents.
The principles to be followed in the sampling of the pulverized fuel for grading determinations from a fuel
pipe are as follows.
a) The velocity of flow into the sampling nozzles should be within = 10 % of the velocity within the pipe
at the sampling point.
b) The sampling pipe should be cleared of pulverized fuel before sampling is begun.
¢) Sampling should take place from a section of the fuel pipe at a sufficient distance from the pulverizer
(and the exhauster, if any) in a straight length of the pipe, preferably vertical, and as far away as
possible from bends.

d) A traverse should be made of the pipe section at regular intervals of time throughout the test and
samples drawn off from centres of equal areas, the sampling time being the same at each point.

e) The weighted average of the individual gradings so obtained should be used as the average result for
the test. Alternatively, the samples may be thoroughly mixed and the grading of the mixture
determined.

For liquid fuels a continuous drip sample should be collected throughout the test at or near the pump
discharge. The ultimate analysis, calorific value, viscosity and density should be determined (see BS 1469,
BS 2869 and BS 4379).
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Before a test is carried out using gaseous fuel, a traverse of the gaseous fuel pipes to the boiler should be
made, in order to obtain the best position for obtaining an average sample.

If the composition of the gaseous fuel is expected to remain constant during the test, sampling of the fuel
gas may be by means of a continuous sample, or by samples taken at regular intervals.

If it is expected that the fuel gas composition may vary significantly during the test (for instance if the fuel
gas comes from an intermittent gas-producing process), agreement should be reached on the procedure to
be adopted to obtain the true weighted mean calorific value (see BS 3156 and BS 3804).

4.13 Heat content of combustion air. The temperature of the combustion air should be measured at the
designed points of air entry to the system under test, disregarding extraneous intakes. Where there is
non-uniformity in the temperature, several thermometers should be used. In a test according to Method B,
allowance should be made for the enthalpy of the air admitted to the unit at other points, and the humidity
of the combustion air should be determined.

4.14 Measurement of refuse. The heat carried away from the unit (whether fired by coal or oil) in
unburnt constituents of the ashes and flue dust should be determined. This determination is necessary in
a test according to Method A in order to contribute towards the drawing up of a heat balance; in a test
according to Method B the highest practicable accuracy is required in carrying it out.

The masses of ash, dust, riddlings, mill rejects and any other refuse should be determined. The weight of
the flue dust may be found by carrying out representative gas sampling to obtain the dust burden.

Weighing of the refuse should take place preferably in the dry state. However, as any burning refuse must
be quenched with water immediately upon its withdrawal from the unit, and as refuse is often wet when
discharged from the handling plant, the water content should be ascertained in order that this may be
allowed for in the calculations.

Where there is special difficulty in weighing any component, and especially where the carbon content of the
component concerned is expected to be small, its mass may be estimated from the masses of the other
components and of the total ash corresponding to the coal mass and analysis.

If it is agreed that it is impracticable to weigh any of the components, the masses may be estimated by
assuming that the ash in the fuel, as determined by analysis, is distributed as deposits in the various
sections of the plant in agreed proportions.

Any appreciable surface deposits which may have accumulated during the test in the furnace or elsewhere
should also be noted in the test report.

4.15 Sampling and analysis of refuse. Refuse sampling can be subject to large errors and every
precaution should be taken in order that representative samples are obtained.

The combustible content on a dry basis should be ascertained by an ignition method.
The method of sampling should be agreed upon before the tests by the parties to the tests.

a) Ash. Where the loss due to combustible matter in ash is known to be small, a number of increments
to form a gross sample may be taken as the hoppers are being emptied after the test. Where the loss is
likely to be significant, the whole of the ash should, if practicable, be treated as the gross sample and
should be crushed to 13 mm and mixed as thoroughly as possible. Quantities in excess of 100 kg should
be subdivided by coning and halving and quartering by the well known methods employed for
subdivision of large samples of coal, until the mass of the subdivided sample is reduced to between 50 kg
and 100 kg. Samples of 100 kg and less should be subdivided by a mechanical sample-divider of a type
approved for subdivision of coal samples down to a size of sample suitable for laboratory use. In the event
of wetting of the ash taking place it is advisable that separate moisture samples be taken unless the
mass of the dry ash is being found by calculation.

b) Other refuse. With boilers fired with pulverized fuel where the carry forward of dust is high, this may
be the most significant part of the ash loss and care should be taken to obtain representative samples.
If the dust burden in the flue gases is being measured, laboratory samples for combustible content can
be taken from the gross sample collected after this has been thoroughly mixed, by riffling or by means
of a sample divider. If, however, a sample is taken from the hopper which has collected the dust during
the test period, periodic samples to form a gross sample should be taken as the hopper is being emptied.
The gross sample should then be mixed and divided as above, to obtain laboratory samples.

Where the fly ash or dust is wetted, and this refuse is weighed after wetting, the quantity of water added
may be obtained by calculation in preference to direct measurement; in this case, representative samples
should be taken both for moisture and for combustible content.
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In addition to the main flue dust, if significant quantities are collected in other parts of the unit, gross
samples should be taken and divided by means of a riffle or sample divider.

If the quantity of mill rejects or stoker riddlings is significant, the whole quantity should be considered as
a gross sample and this should be reduced by halving and quartering to form laboratory samples.

4.16 Sensible heat in fuel and refuse. Where the sensible heat loss in the slag or ash is significant, as
for example with slag-tap furnaces or water-filled hoppers, the sensible heat should be measured either by
determining the slag or ash temperature and specific heat, or by determining the amount of water
evaporated, the temperature rise and the quantity of the overflow of water.

With a water-quenched ash hopper where the losses are significant, the losses should be determined by
measuring the amount of water evaporated and its inlet temperature.

In addition, the loss owing to water vapour entering the furnace and leaving the unit at the final gas
temperature should be estimated.

For tests according to Method B the sensible heat losses of all the refuse should be determined, and in
addition the loss arising from raising the temperature of the fuel up to the temperature of the air supply
should be obtained from the temperature and specific heat of the fuel.

4.17 Losses due to flue gases. Losses due to flue gases consist of
a) loss due to sensible heat of dry gases,

b) loss due to heating and evaporation of water from the fuel, including the combined water of the
mineral matter and that from the combustion of hydrogen.

¢) loss due to heating of the moisture contained in the combustion air,
d) loss due to unburnt gases.
Determination of these different losses makes it necessary to know
1) proximate analysis and ultimate analysis of the fuel (see 4.12),
2) carbon content of the unburnt solid matter (see 4.15),
3) analysis of the gases of combustion (see 4.7),
4) temperature of the gases of combustion (see 4.5),
5) temperature and humidity of the combustion air (see 4.13).

4.18 Radiation and convection loss. In a test according to Method B, the loss due to radiation and
convection should be evaluated. The appropriate figure is the gross loss from the unit’s casing, i.e. no
allowance is made for recuperation, the air temperature having been measured in accordance with this
code (see 4.13). This loss may be evaluated as follows.

a) From the measurement of the surface temperature and ambient air temperatures of the unit together
with agreed heat transfer coefficients, or from measurements with a heat flux meter of a type agreed by
the parties concerned, and an accurate knowledge of the area of surface to which the above temperatures
of heat fluxes refer. It is important to determine the surface of irregular parts, particularly those which
are not lagged.

b) Where the unit, or one of a number of identical units steaming equally, can be isolated as regards air
supply, by determining the heat entering and leaving the building or isolated section thereof, by air-flow
and temperature measurement at each point of entry or exit, including the entry to the air intakes of the
unit, together with an agreed allowance for the building radiation loss.

¢) Where neither of these methods of measurement is practicable agreement should be reached before
the test as to the value to be adopted for the radiation and convection loss.

4.19 Measurement of energy used by auxiliaries. Where only the total electrical energy is to be
determined, this may be measured by a meter connected in the main feeder, or in each feeder if there are
more than one. In this case an indication of the distribution of energy may be obtained from a comparison
of the ammeter and voltmeter readings of each auxiliary motor.

Where the energy input to a particular auxiliary motor is to be determined, it should be measured directly
by a meter connected in the supply to that motor.

The integrating meters, indicating instruments and current and voltage transformers should be of
precision type.
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Determination of the energy consumption of auxiliaries driven by other means (such as steam, hydraulic
and gas turbines) should be made as agreed by the interested parties in the light of the circumstances of
the individual case.

4.20 Dust collecting plant test. Where tests of mechanical dust collectors and electrostatic precipitators
are required, it is convenient to carry these out concurrently with the boiler efficiency tests.

4.21 Draught plant test. Apart from any fan tests which may have been carried out at the maker’s works,
the draught plant may also be tested collectively by a verification of performance at site.

When draught plant capacity tests are carried out at site, the forced draught and induced draught fans
should be raised to their full output by adjusting the fuel/air ratio and boiler load with the furnace pressure
at the specified or an agreed value.

If it is not possible to load the fans fully without exceeding safe limits of boiler load or steam temperature,
data should be collected at the maximum fan load permissible, as it may be possible to estimate from this
and the fan characteristics whether the draught plant is capable of meeting the specified requirements.

Fan output may be estimated from the fuel and gas data or, where the arrangement of flues and ducts
permits, may be measured by pitot-static tube. The power consumption of the individual fan motors should
be measured by suitable meters and the fan draughts and pressures by means of water manometers.

In order to assess the draught plant performance at site, the following observations should be made.
a) Boiler output.
b) Fuel mass and analysis, or gas and air flow measurement.
¢) 1) CO, and/or O, at boiler outlet.
2) CO, and/or O, at I.D. fan outlet.
3) CO, and/or O, at air-heater inlet.
4) CO, and/or O, at air-heater outlet.
d) 1) Gas temperature at air-heater inlet.
2) Gas temperature at air-heater outlet.
3) Gas temperature of I.D. fan outlet.
e) 1) Air temperature at air intakes.
2) Air temperature at F.D. fan outlet.
f) 1) Draught at I.D. fan inlet and outlet.
2) Draught at F.D. fan inlet and outlet.
3) Furnace draught.
g) 1) Power input to I.D. fan motor.
2) Power input to F.D. fan motor.
h) 1) I.D. fan speeds.
2) F.D. fan speeds.
j) Voltage.
k) Frequency.
1) Barometric pressure.
It is generally desirable that the draught plant test, if required, should be conducted immediately after an
efficiency test, in which case it may be unnecessary to repeat the fuel sampling and analysis.

4.22 Pulverizer test. In the event of any specified capacity of a pulverizer not being attained during the
thermal efficiency tests made on the unit, the pulverizer performance at such specified capacity may be
demonstrated in a supplementary test, the output of the rest of the pulverizing plant being proportionately
reduced at the same time so that the evaporation of the unit does not exceed the maximum specified.
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