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INTERNATIONAL STANDARD

ISO 3977-1978 (E)

Gas turbines — Procurement

1 SCOPE

1.1 This International Standard provides technical inform-
ation to| be used for the procurement of a gas turbine and
its auxiljaries by a purchaser from a manufacturer. Because
of the very widely varying operating modes for gas turbines
in practice, distinct categories of operating modes are
specified with which a ‘‘standard’’ rating can be associated.
These ratings must also be made on the basis of the ISO
standard ambient reference conditions.

1.2 This International Standard provides a basis for the
submisston of proposals to meet different environmental
and safgty requirements and also gives, wherever possible,
criteria |to establish whether these are met. It does not
attempt| to deal with local or national legal requirements
to which the installation may be required to conform.

1.3 Th|s International Standard defines a standard frame-
work fdr dealing with questions of fuel and ‘other matters
such as [the minimum information to be provided by both
the purghaser and the manufacturer. It.does not, however,
purport| to include all the necessary_information for a
contrac and each gas turbine “installation must be
considened in its entirety. Attention is drawn to the need
for tecHnical consultation between the manufacturer and
the purghaser to ensure compatibility of equipment being
supplied, particularly ,where the responsibility for supply
is dividefd.

NOTE —Where the\term ‘“‘manufacturer” is used in this Inter-
national Standard,)it is deemed to mean the gas turbine manu-
facturer gr the\appropriate responsible contractor.

3 REFERENCES

1ISO/R 1996, Acoustics — -Assessment of poise with respect
to community response: :

1ISO 1999, Acoustics <+ Assessment of ofcupational noise
exposure for hearing conservation purpose/[
ry.

ISO 2041, ¥ ibration and shock — Vocabu

ISO 2344, Gas turbines — Acceptance tests.

4 DEFINITIONS

For the purpose of this International Standard, the
following definitions apply :

4.1 gas turbine: A machine which ¢onverts thermal
energy into mechanical work; it consists |of one or several
rotating compressors, a thermal device(s)| which heats the
working fluid, one or several turbines, p control system
and essential auxiliary equipment. Any|heat exchangers
(excluding waste exhaust heat recovery ekchangers) in the
main working fluid circuit are considered|to be part of the
gas turbine.

Exampiles of gas turbine systems are showr) in figure 1.
4.2 gas turbine power plant: A gas |[turbine and all

essential equipment necessary for the profluction of power
in a useful form.

2 FIELD OF APPLICATION

This International Standard is applicable to open cycle gas
turbine power plants using normal combustion systems and
also includes closed cycie and semi-closed cycle gas
turbine power plants. In cases of turbines using free piston
gas generators or special heat sources (for example,
chemical process, nuclear reactors, furnace for a super-
charged boiler), this International Standard may be used
as a basis but will need to be suitably modified. This Inter-
national Standard excludes gas turbines used to propel air-
craft, road construction and earth-moving machines,
agricultural and industrial types of tractors and road
vehicles.

4.3 open cycle: A thermodynamic cycle in which the
working fluid enters the gas turbine from the atmosphere
and discharges to the atmosphere.

44 closed cycle: A thermodynamic cycle having a re-
circulation working fluid independent of the atmosphere.

4.5 semi-closed cycle : A thermodynamic cycle utilizing
combustion in a working fluid which is partially re-
circulated and partially exchanged by atmospheric air.

4.6 simple cycle : A thermodynamic cycle consisting only
of successive compression, combustion and expansion.
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4.7 regenerative cycle: A thermodynamic cycle
employing exhaust heat recovery, consisting of successive
"compression, regenerative heating, combustion, expan-
sion and regenerative cooling (heat transfer from the
exhaust to the compressor discharge fluid) of the working
fluid.

4.8 intercooled cycle : A thermodynamic cycle employing
cooling of the working fluid between stages of successive
compression.

4,15 turbine : This term, when used alone, refers to the
turbine action only. It is that component of the gas turbine
which produces power from expansion of the working
fluid. :

4.16 power turbine: A turbine having a separate shaft
from which output power is derived.

4,17 combustion chamber (primary or reheat) : A heat

4.9 reheat cycl¢ : A thermodynamic cycle employing the
addition of thermal energy to the working fiuid between
stages of successive compression. )

4.10 single-shaft gas turbine : A gas turbine in which the
compressor and|turbine rotors are mechanically coupled
and the power ¢utput is taken either directly or through
gearing.

4.11 multi-shaft gas turbine : A gas turbine combination
including at Ieait two turbines working on independent

shafts. The termp includes cases referred to as compound
and split shaft gas turbines.

4.12 bled gas |[turbine : A gas turbine which has, for
external use, extraction of compressed air between
compressor staggs and/or at the discharge of compressor, or
extraction of ho} gas at the inlet of turbine and/or between
turbine stages.

4.13 gas genefator: An assembly (of° gas turbine
components which produces heated. pressurized gas to a
process or to a power turbine. |t Consists of one or more
rotating compregsors, thermal device(s) associated with the
working - fluid, [and one or \qmore compressor driving
turbines, a cqntrol system and essential auxiliary
equipment.

4.14 compressor—
increases the pressure of the working fluid.

souree—r—which—the—fuel—reasts—to—inerease—dirgctly the
temperature of the working fluid. ‘

418 working fluid (gas or air) heateri ‘A heat source in
which the temperature of the working fluid is ipcreased
indirectly.

4.19 regenerator/recuperator. s’ Different types [of heat
exchanger transferring heat from the exhaust gas to the
working fluid before it enters the combustion champber.

4.20 precooler:. A heat exchanger or evaporative cooler
which reduces\the temperature of the working flu{d before
initial compression.

4.27, intercooler : A heat exchanger which redyices the
temperature of the gas turbine working fluid between stages
of compression.

422 overspeed trip: A control or trip elemerjt which
actuates the overspeed protection system when the rotor
reaches the speed for which the device is set.

4.23 control system: This includes starting | control
systems, governor and fuel control systems, algrm and
shutdown systems, speed indicator(s), gauges, ¢lectrical
power supply controls and any other controls necefsary for
the orderly startup, stable operation, monitgring of
operation, shutdown, warning and/or shutdown for
abnormal conditions.

4.24 governing system : Control elements and deyices for
it speed,

temperature, pressure, power output, etc.
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f) Single-shaft closed cycle gas turbine

4.25 fyel governor valve : A valve or any other ‘device
operatirlg as a final fuel-metering element contrelling the
fuel inplst to the gas turbine.

NOTE —|[Other means of controliing the fuel flow to the turbine
are possibple.

4.26 fyel stop valve: A device which, when actuated,
shuts off all fuel flow to the combustion system.

4.27 dead band : The total-range through which an input
can be Jaried with no résuiting measurable corrective action
of the ‘]uel flow controller. In case of speed, dead-band is
expressdd in per cént of rated speed.

FIGURE 1 (concluded)

Turbine LoLd

The two calorific values can be obtaiped for constant
volume or for constant pressure respectively, the difference
being rather small.

The higher calorific value for constant volume is obtained
using a bomb calorimeter. The lower cplorific value for
constant pressure is used in the steady |[flow combustion
process (see 1SO 2314).

4.31 heat rate : ‘' The heat consumption] per unit of net
power of the gas turbine, expressed in kilowatts of heat
per kilowatt of power, based on the lower calorific value
of the fuel including the sensible heat abojve 15 °C (see also
8.2.3 in ISO 2314). This may apply also [to the test fuel in
clause 6. This can also be expressed as [the reciprocal of
thermal efficiency (see 4.33).

4.28 ggvernor droop : The steady state speed changes
produc% by the change of output from zero to the rated
output, € ssed as a percentage e rate ed.

4.29 overtemperature detector: The primary sensing
element which is directly responsive to temperature and
which actuates, through suitable amplifiers or converters,

the overtemperature protection system when the
temperature reaches the vaiue for which the device is set.

4.30 fuel calorific value : The higher calorific value is the
total heat released per unit mass of fuel burned, expressed
in kilojoules per kilogram. The lower calorific value is the
higher calorific value less the heat absorbed by the
vaporized water formed during combustion, expressed in
kilojoules per kilogram.

4.32 specific fuel consumption : The mass rate of the
fuel consumed per unit of power, expressed in grams
per kilowatt hour, using the lower calorific value specified
in7.1.2.

433 thermal efficiency : The ratio of the net power
output to the heat consumption based on the lower calor-
ific value of the fuel [see 8.2.2 and 8.3.3 e) in 1SO 2314].

4.34 turbine inlet temperature : The mean temperature
of the working fluid immediately upstream of the first
stage stator vanes (as determined in 8.6 in ISO 2314).
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4.35 self-sustaining speed : The minimum speed at which
the gas turbine operates, without using the power of the
starting device, under the most unfavourable ambient
conditions.

4.36 idling speed: The speed designated by the
manufacturer at which the turbine will run in a stable
condition and from which loading or shutdown may take
place.

4.37 maximum continuous speed : The upper limit

5.2 Exhaust conditions

For the exhaust at turbine exhaust flange (or regenerator
outlet, if a regenerative cycle is used) :

— a static pressure of 101,3 kPa.

5.3 Cooling water conditions (if applicabie)

An inlet water temperature of 15 °c applies if cooling of
the working fluid is used,

of the continuolis operating speed of the gas turbine output
shaft.

4.38 rated speed : The speed of the gas turbine output

shaft at which the rated power is developed.

independent emergency overspeed device operates to shut

4.39 turbine an speed : The speed at which the
off fuel to the gas turbine.

4.40 steam angl/or water injection : Steam and/or water

injected into t
output and/or
content in the e

he working fluid to increase the power
to reduce the oxides of nitrogen (NO,)
khaust.

4.41 mass to p

wer ratio (mobile applications) : The ratio

of the total diy mass of the gas turbine elements, in
accordance withl 4.1, to the power in 7.3 of the gas turbine,
expressed in kildgrams per kilowatt.

442 compressgr surge: An  unstable condition
characterized by low-frequency fluctuations in mass flow
of the working fluid in the compressor and .in""the
connecting ducgs. Since this is a dangerous. mode of
operation, the [surge condition must be avoided for all
anticipated operpting conditions.

5 STANDARD|REFERENCE CONDITIONS

The standard reference conditions' on which ISO power,
efficiency, heat rate or specific fuel consumption are based
are as follows :

5.1 Air intake ¢onditions

- 5,11 For the
(alternatively, the compressor intake flare) as described in
6.6.2in1SO 2314 :

— atotal pressure of 101,3 kPal);
— atotal temperature of 15 °C;

— a relative humidity of 60 %.

5.1.2 Except in the case where intercooling is involved or
where water spray coolers are used, the effect of humidity
may generally be ignored.

1) 100 kPa = 1 bar = 750,1 mmHg

6

0.4 VVOI'EII‘IQ fluid heater or cooler

Where a heater or a cooler is employed and, Uses| ambient
air, the standard reference conditions shall be 16 °C and
101,3 kPa.

6 TEST FUELS

If the fuel to be used/for testing the gas turbine is|different
from that agreed )between the purchaser hnd the
manufacturer for\service operation (see 11.7}, a tept fuel of
a mutually agreed specification shall be used.

7. RATINGS

7.1 General

7.1.1 The output power of a given gas turbine af a given
turbine inlet temperature is, in general, proportioral to the
absolute ambient pressure and is also greatly depehdent on
air intake temperature (normally outside dfy bulb
temperature). Likewise, the output at a given ajr intake
temperature is dependent on turbine inlet temperature. To
achieve a rating it is necessary to adopt a [standard
condition of ambient temperature and pressure| but gas
turbine ratings will nevertheless vary considerably pwing to
the differing operational modes demanded of them as well
as the varying criteria used in .the design of the basic
elements. 1SO standard ratings neglect pressure dl{p at the
inlet and exhaust but site ratings allow for these logses.

shall be
assessed on the lower calorific value of the fuel used as
follows :

a) turbines intended for use on fuel :

42 000 kJ/kg;

liguid

b) turbines intended for use on gaseous fuel : 100 %
methane — 50 000 kJ/kg.

The calorific value at constant pressure of the fuel, whether
liquid, gaseous or solid, is based on a pressure of 101,3 kPa
and a temperature of 15 °C.
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7.2 Operational modes

Unless special circumstances apply, and these must be
specially agreed between the purchaser and the
manufacturer, the rating of a gas turbine shall be specified
under a combination of one of the classes in 7.2.1 together
with one of the ranges of average number of starts per
annum in 7.2.2 (for example, B |l refers to operation of
up to 2000 h per annum associated with any number of
starts up to 500 per annum}).

The manufacturer shall state the type, frequency and

ISO 3977-1978 (E)

In each case, the manufacturer shall state the type,
frequency and degree of inspection and/or maintenance
required.

7.4 Site ratings

The site power rating shall be specified by the manufacturer
as follows :

a) Generating plant : The net electrical power at the
generator terminals, with adjustment for auxiliary loads
as given in 8.1.2 in 1SO 2314.

degree of inspection and/or maintenance required for the
relevant|operational mode (see 12.1 c)).

NOTE —|it should be recognized that some gas turbine applications
will opefate with a combination of the classes in 7.2.1. In such
purchaser should specifiy the anticipated number of
urs of operation at the specified power ratings in each

ould materially affect the inspection intervals and

: operation up to and including 2 000 h per
(Peak-load);

. operation up to and including 6 000 h per
(Semi-base-load or mid-range);

D : operation up to and including 8 760 h-"per
(Base-load).

7.2.2 Ranges
Range | : over 500 starts per annum.average;
Range Il : up to 500 starts pef annum average;
Range il : up to 100 starts.per annum average;
Rande IV : up to 25-stasts per annum average;
Rande V : continuous operation without planned shut-
down for jnspection and/or maintenance within a

specified period.

b) Mechanical drives : The net shaft power, adjusted
for any auxiliaries not driven difectly by the turbine (as
defined in 8.1.1 in 1SO 2314).

In either case, the site power rating shall felate to specified
site conditions of the installation (such asambient pressure
and temperature, and(pressure losses, etg.) and operating
modes under which, the plant is intended tp run in service.

Where the gas @enerator is supplied sdparately, its site
power shall_be’ expressed as the gas power arising from the
isentropic- expansion of the gas generafor exhaust flow
{using .total pressure and temperature)| to the ambient
atmospheric pressure when it is operated Under the specified
site conditions of the installation and |operating modes
ander which the plant is intended tg run in service
(see 6.3.5 in I1SO 2314).

8 CONTROLS AND PROTECTION DEVICES

8.1 Starting

The starting control system, including any pre-start
requirements, such as barring, may be manual, semi-
automatic or automatic as defined below :

8.1.1 Manual start shall require the opdrator to start the
auxiliary equipment; initiate, hold and advance the starting
sequence (crank, purge, fire) and accelefate to minimum
governor setting or ready for synchronizjng in the case of
generating sets.

8.1.2 Semi-automatic sequence start mdy require manual
starting of the auxiliaries and shall perm{t the operator to
commit the turbine by a single action[to the complete
starting sequence up to minimum governgr setting or ready

7.3 IS0 standard ratings

The manufacturer shall declare standard ratings, based on
net shaft power adjusted for any auxiliaries not driven
directly by the turbine as defined in 8.1 in ISO 2314, under
the standard reference conditions in clause 5, associated
with the following operational modes :

a) 1SO standard peak load rating (2000h and
500 starts per annum average) Class B : Range Il.

b) 1SO standard base load rating (8 760 h and 25 starts
per annum average) Class D : Range IV.

NOTE — For gas turbines used for generation, the above ratings are
known as “’I1SO peak load” and '1SO base load"”’ respectively.

for synchronizing in the case of generating sets.

8.1.3 Automatic sequence starts require only a single
action {manual or otherwise) to start the required auxiliary
equipment and initiate the complete starting sequence up
to minimum governor setting or ready for synchronizing
in the case of generating sets.

8.2 Loading

Subsequent loading of the set may be manual, semi-
automatic or automatic up to a specified power level.
Automatic loading may follow directly the starting
sequence without any additional action of the operator.

7
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In any mode of loading, periods of dwell at specific loads
may be introduced to provide for warm-up requirements.

Where a generator requires synchronizing to a particular
system prior to loading, this may also be achieved by
manual or automatic means.

8.3 Shutdown

This may be achieved by manual, semi-automatic or
automatic means. In all cases, however, the principal
sequence of operations is essentially as follows :

8.4 Purging

8.4.1 Where gaseous fuels are used, the starting control
system shall provide an automatic purge period {(whether
the starting sequence is manual or automatic) of sufficient
duration to permit the gas turbine to displace at least three
times the volume of the entire exhaust system (including
the stack) at least three times before firing the unit. In cases
where alternative precautions are taken, this may not be
necessary.

8.3.1 Generatorldrives

a) Controlled unioading to zero output at synchronized
speed.

b) Opening the circuit breaker.

¢) Reductionl to idling speed and period of cooling
where applicable.

d) Fuel cutjoff and shutdown of auxiliaries not
required for barring.

e) Barring pefiod, if necessary.

f) Shutdown| of remaining auxiliaries, for example
Aubricating oil|pumps.

g) Return to|starting conditions.

8.3.2 Mechanicgl drives
a) Controlled unloading to minimum load conditions.
b) Cooling p¢riod where applicable.

c¢) Fuel cut-dff followed by shutdown of auxiliaries not

required for t]arring.
d) Barring pdriod, if necessary.

e} Shutdown| of remaining auxiliaries, for example
lubricating oil|pumps.

f) Return to ptarting conditions.

8.3.3 Emergency shutdown

a) Emergency shutdown shall be capable of manual
selection and [shall“also occur automatically as a result

of automatic operation of plant protection devices. The

8.4.2 Where liquid fuels of a highly volatile .nature are
used, special precautions may be necessary.

8.5 Fuel control

Fuel supply must be under a controlled opening sequence
which may be over-ridden by the turbine temperature or
other protective devices.

8.6 Constant speed

Gas turbines which’ are to be regulated to a subsfantially
constant speed {in particular those driving electric ggnerator
where, in Ssome cases, isochronous speed coftrol is
necessary) Ghall be fitted with a governor sensing [the out-
put shaft ‘speed. Unless otherwise agreed betwgen the
purchaser and the manufacturer, no-load speed fhall be
adjlstable, while running, within the range of 95 to 105 %
of‘the rated speed.

The speed changer, when remotely operated, shall typically,
when held synchronized, be capable of reduging the
output from maximum site rated output to zer¢ in not
more than 40s but the operating time taken Khall be
specified by the purchaser to be compatible with other
speed changers on units running in parallel.

8.7 Variable speed

For gas turbines which are required to run over a fange of
speeds, for exampie as in ship propulsion, suitable|control
equipment shall be provided.

8.8 Governor

The governor for mechanical-drive applications shall limit

system shall operate directly on the fuel stop valve to
cut-off the turbine fuel supply.

b) Except where otherwise specified, automatic means
shall be provided for isolating upon shutdown the driven
equipment from the system which it is supplying in
order to prevent motoring or reverse flow.

c) [t may also be necessary to operate venting systems
for the release of stored energy.

d) Normal barring and shutdown sequences, as appro-
priate, shall subsequently take place, but where
automatic restart is included, means shall be provided to
prevent automatic restart without manual reset.

the output speed at 10D % of the rated speed under all
conditions of steady load. Unless otherwise specified by the
purchaser, governor systems for generator drive shall
prevent the gas turbine from reaching the turbine trip speed
with an instantaneous loss of load when the turbine is
operating under conditions within the limits of capability
set by specified ambient conditions with design fuel
pressures, temperature and fuel calorific values, and with
the speed changer set and controlling at the rated speed.

8.9 Fuel governor valve

The fuel governor valve (see 4.25) shall return to minimum
position under any turbine shutdown condition.
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8.10 Fuel shut-off

8.10.1 In addition to the fuel governor valve or control
valve, the fuel control system shall include a separate stop
valve or ‘‘shut off valve’ which stops all fuel flow to the
turbine in any shutdown condition and which will not open
until all permissibie firing conditions are satisfied.

8.10.2 For electric generation, means shall be provided,
either on the gas turbine or on the generator, for prevention
of motormg of the generator when the fuel stop valve is

I1SO 3977-1978 (E)

example, take the form of blow-off valves, load resistors,
actuated by the main governor or overspeed trip, or both.

8.16 Fiame failure

Where installation requirements indicate, consideration
shall be given to providing a device to shut off the fuel in
the event of flame failure.

requirements may be operatlonally over- ndden

8.10.3 | For gaseous fuels, appropriate vent valve(s) shall
be used to reduce the risk of leakage into the gas turbine
when the turbine is shut down.

8.11 Qverspeed control

Each sgparate line of shaft shall be fitted with either an
overspged governor or an overspeed trip unless it can be
shown [that dangerous overspeeding is not a practical
possibifity.

8.12 Manual check on overspeed controls

Facilitips shall be available for the operator to check
manuaily the overspeed governor/overspeed protective
devices

NOTE -1 It is desirable that this should be done as faras is
practicable without trip shutdown and without temporary ‘\loss of
protectipn.

8.13 Overspeed settings

The oderspeed governor or overspeed.trip shall be set to
operatd at a level which will not aHow’/the transient speed
to excded the maximum safe limit-for the line of shafting
under hny sudden loss of load._Their main functions are
respect|vely to cause the fuel te be reduced or to be cut off
near the burner(s) by _means independent of the main
governgr.

load, speed-may continue to rise after the operation of the

8.17 Fuel override control

The fuel control system shall include‘an pverride system to
prevent exceeding the turbine rated firihg temperature or
maximum gas generator speed\if this i a more stringent
limitation.

8.18 Dead band

The dead band at rated speed and at any power output up
to and inCluding the maximum power|output shall not
exceed 01 % of the rated speed. Howevdr, for large output
generator applications the dead band will|be expected to be
generally lower.

8.19 Stability of the speed governing system

8.19.1 The speed governing and fuel conjtrol systems, with
the turbine operating between zero gnd its maximum
turbine capability, shall be capable of staljle control of :

a) the speed of the turbine when thedriven equipment
is operated isolated;

b) the fuel energy input to the turbinje when the driven
equipment is operating in parallel with other driven
equipment.

In certain cases the control is obtained by a combination of
a) and b) above. Stability of operation |s also required in
these cases.

8.19.2 The speed governing and fuel cofitrol systems shall
be considered stable when :

a) the driven equipment is opeqated and under

overspeed trip. Hence, transient speeds significantly greater
than the cut-off speed may be attained. The turbine shall
be capable of subsequent normal operation without the
need for inspection. Attention is drawn to the necessity
of ensuring also that all coupled equipment, including
auxiliaries, etc., electrically, mechanically or hydraulically
coupled, withstands the corresponding overspeed.

8.15 Additional overspeed protection

Gas turbines with separate power turbines or with heat
exchangers may require additional protection against
overspeeding due to stored heat or large stored volumes of
high pressure air, or both. Such protection may, for

sustained load demand, provided that the magnitude of
the sustained oscillations of turbine speed produced by
the speed governing system and fuel control system does
not exceed * 0,12 % of the rated speed;

b) the magnitude of the sustained oscillations of energy
input produced by the speed governing system and fuel
contro! system does not produce a change in output
exceeding £ 2 % of the rated output when the driven
equipment is operated at rated speed in parallel with
other driven equipment at constant speed and under
sustained load.

For gas turbines of large output, the permissible magnitude
of oscillations is expected to be generally lower,
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8.20 Stability of the temperature control system

The temperature control and fuel control systems shall be
capable of controlling with stability the temperatures of the
gas turbine when the turbine is operating on temperature
control at the set limit for the ambient condition existing
when the driven equipment is operating in parallel with
other driven equipment.

The temperature limiting or control system and fuel controf
system shall be considered stable when the driven
equipment is operating in parallel with other driven

under load, the following information shall be subplied by
the purchaser (see 11.7) :

a) the full specification and chemical analysis of the
proposed  available fuel{s), including expected
concentrations of contaminants and possible variations
of fuel composition;

b) any proposed treatment of the fuel(s) and the
resulting specification;

c) where changeover from one fuel to another is

equipment at [constant speed demand provided the
magnitude of the sustained oscillation of turbine fuel

energy input pfoduced by the temperature limiting or

control system |and the fuel control system does not
produce a chanfjie in output exceeding 6 % of the rated
power output.

8.21 Overall syjtem stability

associated system excersice an overriding influence, the

In certain installFions where the driven equipment and its
criteria of stability in 8.19 and 8.20 may not be achievable.

8.22 Lubricatinlg oil system

Gas turbines with main shaft bearings of the hydrodynamic
type shall be equipped with at least two oil pumps driven
from independent power sources. One of the pumps shall
be automatically actuated if the oil pressure is below the
safe minimum vdlue specified by the manufacturer,

8.23 Bearing ti[l"-peratu re

Gas turbines with main shaft bearings of the hydrodynamic

type shall be equipped with temperature monitors’ which

shall measure th

e bearing metal and return-oil temperatures

and which shall gctuate alarms and/or trips.

8.24 Pressure fluctuations and excessive pressure drop
in air intake

The design of tHe air intake system shall take into account
pressure differeptials due to_fouling or icing of the air
intake filters dnd fluctuations arising from abnormal
operating conditjons due-to.'a transient compressor surge.

8.25 Fuel Ieak?e

rnqn;rnrl, the load-and sp“d_gbaggﬂmd#ions, the

fuel change sequence and any other relevant©pgrational
requirement.

If the purchaser’s fuel specification is not'acceptalile to the
turbine manufacturer, the latter shall”advise the gurchaser
of acceptable limits of contaminants and adceptable
variations of fuel composition.

9.2 Gaseous fuels

9.2.1 Properties

The fuel shall be completely gaseous at the| turbine
manufacturer’s termination point and at all points down-
stream .10 \the fuel nozzle where liquid might be|harmful
to the gas turbine; liquid eliminators or othef special
features, such as heaters, may be necessary to achiepe this.

The manufacturer shall advise the purchaser| of the
minimum and maximum acceptable temperatyres and
pressures of the fuel gas.

The manufacturer shall advise on the degree of fuel|cleaning
required in respect of solids.

9.2.2 Corrosive agents

Special attention shall be given in the analysi{ to the
presence of known corrosive agents such as hydrogen
sulphide, sulphur dioxide, sulphur trioxide, total |sulphur,
alkaline metals, chlorides, carbon monoxide and carbon
dioxide which may be present in the fuel gas.

Q292 (ralpeifin -4al. PPy
41T~ O TC—varad

Consideration shall be given to the need for fuel leakage
detection. '

8.26 Other safety aspectS

Information on other aspécts of safety which shall be
considered at the tender stage is given in annex E.

9 FUELS

9.1 General

As gas turbines may be designed to burn either gaseous or
liquid fuels, or both, with or without changeover while

10
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The purchaser shall notify the manufacturer of the lower
calorific value of the gaseous fuel or information whereby
the value may be calculated. If it is anticipated that during
steady state operation the lower calorific value will differ
from the specified value, both the extent and the rate of
change shali be stated by the purchaser in order that special
equipment which may be required for proper gas turbine
control may be fitted. If the variations in lower calorific
value are unacceptable, the manufacturer shall advise the
purchaser of acceptable limits,

Annex A gives further information on the calorific values of
gaseous fuels.
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9.2.4 Supply pressure and temperature

The purchaser shall notify the manufacturer of the fuel gas
supply pressure and temperature. The amplitude rate of
change and period of pressure and temperature fluctuations
shall be stated by the purchaser. In the event that these
fluctuations are unacceptable, the manufacturer shall
advise the purchaser of acceptable limits.

Annex A gives supplementary information on gaseous fuels.

9.3 Liquid fuels

ISO 3977-1978 (E)

manufacturer to reach agreement on the type of solid fuel
to be used.

9.5 Nuclear fuels

9.5.1 General information

The application of a nuciear reactor as the heat source for
a direct closed cycle gas turbine may be economically
advantageous. This will involve the use of an inert gas such
as helium as working fluid in the cycle.

9.3.1 Properties

Liquid [fuels ranging from the highest aviation grades to the
heaviest boiler fuels are burned in gas turbines. However,
not all jgas turbines are designed to operate on such a wide
range df liquid fuels, and the properties of a liquid fuel to
be used may seriously affect the operation and maintenance
as well jas the capital cost of a gas turbine installation.

Therefgre, the agreement on the fuel oil specifications

between the purchaser and manufacturer should be sought

depending on the availability of the fuel and the duty of

: the gds turbine. The manufacturer shall advise on the
degree pf fuel cleaning required in respect of solids.

9.3.2 Liquid fuel grades

NOTE - 1SO/TC 28, Petroleurn products, is preparing specifications
for liquid fuels for gas turbines. in the interim period, and if agreed
betweeny the purchaser and the manufacturer, the application of
A.2.3 arjd table 2 of annex A is recommended.

Liquid| fuels to specifications recognized\locally or
authorized by other organizations and being’suitable for
gas tufbines may be used with the mutual agreement
of the purchaser and manufacturer.

Recogrlizing the necessity for additional or more stringent
requirements for certain types of gas turbines and

applicagions more restrictive/ specifications, additional
properties and/or necessary fuel treatment may be
specifigd.

Annex |A gives supplémentary information on liquid fuels.

9.4 Sqlid fuels

Depending upon the design and the &working principle of
the reactor, special caution has~to, beé taken regarding
contamination of the machineshand hpat exchangers as
well as the possible influence\ of even E‘mall amounts of
gases such as water vapour, \hydrogen, [carbon monoxide
and carbon dioxide on the'corrosion of the cycle elements.

Therefore, when desighing a nuclear
turbine plant, the fuel requirements have
investigated jointly by the manufacturers
the power equipment and the purchaser.

10, ENVIRONMENT

10.1 General

This clause deals with vibration and ot
factors which affect gas turbine opera
people in inhabited areas adjacent to th
plant. These other factors include
atmospheric  pollution, thermal pol

standards or regulations shall take pr

closed cycle gas
to be thoroughly
of the reactor and

her environmental
ng personnel and
gas turbine power

sound (noise),
ution and site

cedence over the

contamination. Locally recognized or mu{ually agreed upon

criteria described in this clause which s
where no such standards or regulations ar

all be considered
e applicable.

10.2 Vibration

Vibration affects the safety of both mgn and equipment.
It is defined in ISO 2041 as the variatiop with time of the
magnitude of a quantity, which is descrigtive of the motion
or position of a mechanical system, when the magnitude
is alternatively greater and smaller than some average value
of reference.

10.2.1 Vibration measurements are made on shafts,

9.4.1 Beneral-information

Coal, peat and coke have been tried in open cycle {(direct-
fired) gas turbines. Some experimental work has been done
to gasify coal for subsequent use as a fuel in open cycle
machines. To date, this effort has not resulted in an
economical approach for burning solid fuels in open cycle
machines. However, coal and peat have been used in exter-
nally-fired air heaters for closed cycle gas turbines. The
problems to be dealt with in such an application are similar
if not identical to those occurring in steam boilers. Taking
into consideration the complexity of the problem due to
the influence of the vast variations of physical and chemical
characteristics of the fuels it is impracticable to give specific
requirements. It is therefore left to the purchaser and the

bearing housings or casings. The design details including
mass, stiffness and accessibility of these parts determine the
most significant locations for vibration measurement. This
document does not specify numerical limits for vibration.
The manufacturer shall ensure that vibration limits are
compatible with the intended service {see 12.1).

10.2.2 The suitability of a gas turbine system for
performing its intended function is often determined by
detailed knowledge of vibration characteristics of system
components. The components include shafts, bearings,
housings, casings, enclosures, piping, accesories and
particularly the internal blading and rotor discs, drums,
etc. Obviously such knowiedge is vital to the manufacurer;

11
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however, when system components are to be supplied by
more than one manufacturer the purchaser is advised to
obtain an analysis of the lateral and torsional vibration
characteristics of the complete system. A component
consultant or one of the manufacturers can usually supply
this service at a time that permits corrective action in the
event the analysis predicts a troublesome natural mode of
vibration within the range of expected operating
conditions. It is well established that rotating machinery
can encounter severe vibration when components are
coupled by their shafts and foundations even though they

accordance with the relevant national standard. If no such
standard exists, 1SO 1999 gives guidance in determining
the appropriate sound level.

If the plant normally is unmanned, the use of ear-protectors
is accepted in engine rooms. Normal conversation shall be
feasible in control rooms.

10._3.3 Sound level outside the gas turbine plant

The sound generation must be limited to prevent disturbing

noise in the vicinity The local authority demands shall be

each operate sat(stactorily uncoupled (as during tactory
tests for example)|.

10.2.3 Intolerable vibration severity can cause serious
damage to equipment and structures. Vibration is also a
source of sound.

10.3 Sound

NOTE — An interngtional Standard for the measurement of sound
from gas turbines is|under preparation by 1SO/TC 43, Acoustics. In
the interim period, [the information given in 10.3 may be used for
guidance.

10.3.1 General

Different people perceive a given sound level with varying
degrees of sensitiyity. Factors such as frequency, intensity,
directivity and| duration influence tolerance to
objectionable soyind. Too high a sound level may be
damaging to humpan beings, and lower levels, while not
damaging, may constitute a nuisance to nearby occupied
structures. It is| therefore, important to the user to
determine the apceptable sound level both in the(gas
turbine enclosure (if operating personnel are normally or
frequently present) and also in the vicinity of. the gas
turbine power plapt. It should be recognized that sound can
be due to equipment other than the gas_turbine, for
example such asspciated equipment as fans) diesel starting
engines, transfofmers, generators, .etc. Since sound
reduction equipnpent and station _design concepts which
reduce the sound|level add cost to.the overall power plant,
the objective shodld be to achievé an acceptable sound level
satisfactory for |[the health\'of the operator, operator
communication donsiderations, and for nearby occupied
structures.

The formulation|of the sound requirements on the gas

fulfilled.

The purchaser shall specify the required sound level and
indicate if possibilities shall be provided for exgending
the sound reduction equipment, for example for settlement
that may arise in the vicinity. The durability of the sound
reduction equipment shall be taken into account.

The influence that surrounding) country, settlemept, etc.
has on shielding and reverberation shall be takeén into
account.

The requirements for the sound level can be formulated
as a fixed maximum sound level not to be exceeded at any
point at a cspecified distance from the plant. The
requirements, can also be specified for certain pdints or
certain diréctions.

The requirements for the sound level must be formulated
toenable checking. The distance between the ppint of
measuring and the plant should be not greater thpn that
permitting easy correction for the background sound.

The requirements shall include the maximum sound level
in dB(A) or the allocation of frequencies, for exaniple the
NR-—graph according to International Standards|and/or
any criterion that protects against interfering tones.

The method of sound measurement shall be agreed| before
the contract is finalized.

The background sound should be measured befpre the
specified value is fixed, and possible time-variation|should
be taken into consideration.

Meteorological factors seriously affect the sound exfension.
In view of this, considerations should be taken, for example
by detailed description in the contract, of the \veather
conditions expected at the location of controlling if the

turbine manufacturer is to be adapted to the part of the
total plant included in the delivery.

in order to meet the design objectives, both the user and
the manufacturer must integrate their ‘design of the total
sound contributors while recognizing environmental
factors that affect the overall sound level. The arrangements
for sound reduction must be co-ordinated.

10.3.2 Gas turbine enclosure interior sound level

If the operator is to be inside the gas turbine enclosure, the
degree and amount of acoustical treatment are to be based
on reducing the sound level in the immediate working
vicinity of -the gas turbine installation to a level in

12

sound TequiTements are futfitted;
Measuring tolerances should also be stated.

Guidance for acceptable sound levels outdoors are indicated
in ISO/R 1996, where certain instructions regarding sound
measurements are also given.

10.4 Atmospheric pollution

10.4.1 Smoke

Tests shall be made in accordance with a recognized and
mutually  agreed test method for stack emission.
Information on existing methods is given in annex B.
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If a limit on exhaust smoke is required by the purchaser, it
shall be specified in the Bacharach scale under :

a) steady state conditions;

b) a specified condition of load or loads, 5 min after
reaching these conditions.
NOTE — Other suitable methods of smoke measurement are under
development and consideration will be given to their inclusion at a

later date.

10.4.2 Chemical pollution

ISO 3977-1978 (E)

10.6 Site pollution

Design of civil engineering features of a power plant site
shall provide protection for plant environs in the event of
abnormal operation, fire, or failure of plant equipment.
Potential spillages from fuel storage and handling facilities
shall be contained by means of compounds in accordance
with the appropriate standards or regulations. A method for
disposing of waste materials shall be provided. Waste
materials include fuel from false start drains, lubricating oil
contamined with fuel oil or water such as accidental leakage

Local |codes and standards must be consulted to
determfne the acceptable level of chemical pollution from
gas tlrbine exhaust independent of Ilight-reflective
characteristics.

Gas turbine power plants generally generate less noxious
gases than gasoline engines or diesel engines.

Unburged hydrocarbons and oxides of nitrogen and
sulphug, however, can cause severe atmospheric pollution,
especially in smog-prone areas.

Particlgs are typically of submicron size but are smog
producers by providing condensation sites or nuclei.

In the| event that fuel additives will be used for either
smoke |reduction or inhibiting corrosion with residual fuel
oils, thhen there is greater possibility of stack emissions
contairling deleterious chemicals. This shall be checked
against|liocal codes.

10.4.3 | Total nitrogen oxides content

The method for determining the total nitrogen oxides
contents in gas turbine exhausts shall “be made in
accordgnce with a recognized and mutually agreed test
method. Water or steam injection /may be required to
reduce |[nitrogen oxides emissions, in which case the rate of
water donsumption shall be indicated.

Informption on suitable methads is given in annex C.
10.4.4 | Atmospheric thermal effects

In the| simple cyclé~gas turbine without exhaust heat
recoverly, the exhaust stack temperature is normally higher
than fpr other types of fossil fuel power plants with
resultant _greater buoyancy and faster dissipation of the
exhausr. The rapid mixing with surrounding air reduces the

and—spiHage—Site—seleetion—shal—give-eepsideration to pre-

vailing winds and the possibility of stackl gases being drawn
into neighbouring structures.

11 TECHNICAL INFORMATION TO BE SUPPLIED BY

THE PURCHASER WITHTHE ENQUIR

The following patticulars shall be |supplied to the
manufacturer with the enquiry :

11.1 Driven equipment

Electric generator, pump, compressor, etq.

11:2 Application

Stationary, portable, marine, locomotive |etc.

11.3 Extent of supply

The purchaser shall state the manufactufer’s total responsi-
bilities and define the extent of supply, including the inter-
faces between the manufacturer’s supply|and the supply by
the others. Typical examples of the manufacturer’s total
responsibility and extent of supply may, for instance,
include equipment supply and delivefy time, erection,
testing and guarantees, etc.

11.4 Environment

a) Elevation referred to sea level or normal barometric
pressure, coincident wet and dry bulp air temperature
and cooling water inlet temperature |including average
and extreme values and daily timg/temperature air
curves under the hottest and coldest|conditions. Mean
wet bulb temperature and range of var|ation experienced
or relative humidity shall be furnished. The former is

temperature of the mixture substantially in a distance
of a few exhaust duct diameters. In the event that a large
number of gas turbines are to be located near an airport
flight path, possible deleterious effects of turbulence
induced by exhaust gas shall be analysed.

10.5 Water thermal effects

Most gas turbines use little, if any, cooling water and
therefore there is little heating of rivers, lakes, etc. Cooling
water is frequently used for cooling lubricating oil for the
power plant, but for seif-contained units water-to-air heat
exchangers are used to dissipate this heat. If compressor
precoolers or intercoolers are used then cooling water
requirements are more substantial.

preferred.

b) Nature of surroundings as affecting purity of the air
and possible fouling by dirt, dust or salt and any other
environmental conditions, for example whether an
industrial district, rural or near the sea, or region liable
to dust storms or freezing fog.

c¢) Nature of surroundings as affecting exhaust
emissions and suppression of sound, for example smoke-
free zone, proximity to residential property, whether the
gas turbine has to comply with any special requirements,
for example statutory regulations, electricity require-
ments or standards, sound and smoke levels, etc.
(see clause 10).
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d) Particulars of any special conditions relative to fire g) If the driven machine is not supplied by the turbine
risks, for example installation in an oil refinery, gas maker, its nature, characteristics, for example, fault
works or explosives works. i conditions, speed in revolutions per minute, direction of
rotation {if significant) range of required variation of

11.5 Details of site ) speed and end thrust imposed, together with breakaway

torque, low speed torque and polar moment of inertia of
the driven unit. In addition, details of any special
control requirements (for example where the speed of a
gas turbine driving a compressor or pump may require to
be controlled so as to give a constant delivery pressure)
b) Space available for the installation, including and requirements for lubricating oil, if this is to be
limitations in fegard To siZe of enging foom, deptt ot suppiied-fromr the i turbine oft systen. ]

basement, etc.

a) State if installation will be outdoors or in a new or
existing building and whether heating exists or is to be
supplied. State also whether the manufacturer will be
required to supply the building or enclosure.

h) Where the gas turbine exhausts to ,a \wagte-heat

¢) Maximum fize and mass (weight) of parts which can boiler not supplied by the gas turbineg“makpr, the
be transported|to site and handled there. pressure drop across the boiler including ductifg, and
d) Information required for foundation design, nature \év::::]_er arrangements will be madelfor bypassing the
of ground, soi] bearing capacity, sub-oil conditions and
transmission of{ vibration.
11.7 Fuel

e) Expected wind loads or levels, snowfall, rainfall,
earthquake zope, and ““G” loads for portable, marine a) Complete specifications of available fuels shall be
and locomotivé applications. submitted (see clause9).
f) Details of |access to site i.e. waterway, railway or b) Cost of proposed fuel may be stated, if requjred, to
road; distance pf unloading point to final location. assist in discussions on the most economical fnLel and

. cycle for intended duty, balancing capital and ogerating
g} Required spund level in the control room and other cost. .
designated areds within the station.
h) Properties jand conditions of preferred cooling media 11,8 Cooling water

(see 11.8).
Type, quantity, temperature and chemical analysis gf water

11.6 Expected dty available (for example clear fresh water, sea| water,
abundant, restricted, available only for make [up to
recooling circuit), also pressure head and price[ where
applicable and any restrictions on return temperaturg.

a) Site rating|and ambient conditions at which thisis
required.

NOTE — Water may be required for precoolers, inteycoolers,
generator cooler, lubricating oil cooler, compressor and| turbine
washing, or for treatment of crude and residual oil fuels.

b) Ambient ttmperature (and, if relevant, codlant inlet
temperature) af time when maximum outputis.fequired.

c) Expected jhumber of running hguts: per annum,
duration of ryns and the number df-starts. If known,
average load tp be carried and extent and duration of 11.9 Auxiliary power supply
peaks.

. . . . Details of electric, hydraulic or pneumatic power gvailable
d) Any other|information regerdlng the reqmred duty, on site for auxiliaries, for example starter |motor,
for e.xample lack start, m|n|r.nu!n time required for lubricating oil pump, etc.
reaching full lpad from,standstill in normal emergency

conditions, anfd the power required over the proposed

range of operafingspeeds. 11.10 Special requirements

e) Particulars of any other machines with which the a) Whether the gas turbine is to be :

driven machine is to run in parallel.
1} attended or unattended;

f) Where an electrical generator is to be included, the

number of phases, the preferred method of generator 2) controlled locally, remotely or automatically.

cooling, whether required to operate as synchronous b) Whether the gas turbine is required to function over
compensator and relevant data under normal and a range of inclinations.

abnormal operating conditions, such as voltage, )

frequency and duration of operation at abnormal c) Preferred lubricating oils.

frequencies. d) Details of optional tests required in accordance with

1SO 2314.

NOTE — Where extremes of temperature are encountered, consider-

ation should be given to specifying a larger generator to make use of . R A N
the extra capacity available from the gas turbine at low ambient e). Expected maximum duration of operation without

temperature. external services and/or power supplies.
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11.11

Data sheets

If it is convenient, the information required in clause 11
may be presented by the purchaser in the form of data
sheets.

12 TECHNICAL INFORMATION TO BE SUPPLIED BY
THE MANUFACTURER WHEN TENDERING

The following particulars shall be supplied to the purchaser
when tendering :

1SO 3977-1978 (E)

h) Speed variation;

1) transient and permanent speed rise of output
shaft on sudden loss of full load;

2) transient and permanent speed variations
resulting from the changes of load notified by the
purchaser foliowing 11.6 d}.

j} Curves showing the effect on output of ambient
temperature and any limitations, including that of
maximum power; also, if appropriate, corrections for

12.1 |General information

a) | A detailed list of any and all exceptions taken to the
prgcurement specification. In the absence of such a list,
it will be understood and agreed that the manufacturer’s
prgposal is in complete conformity to the procurement
spgcification.

b) | Performance. Information supplied shall include,
but not necessarily be limited to, the foliowing :

1) Site rating. Power output under clearly stated
mbient conditions (see 12.1 j)).

) Expected thermal efficiency or specific fuel
onsumption, based on the lower calorific value of
he fuel, at site rating and at three-quarters and half
ite rating. Also, data on power losses and heat
onsumption during operation as a synchronous
ompensator and spinning reserve under “the
onditions specified by the purchaser in 11,6}

} Compressor air inlet flow or turbine exhaust
fow.

} Turbine inlet or exhaust gas_témperature.

c) | An indication of the ,anticipated replacement
frepuency of major companents and type, frequency
and degree of inspection.and/or maintenance required
for] the relevant operational/mode (see 7.2 and 7.3).

NOTE|— The life expectancy of major components is difficult to

ambient—presstre—different—externat
varigtion of thermal efficiency, ‘of
with ambient temperature, any) rest
the machine over the full power an
where relevant, a curye \relating
output shaft speed.

k) Sufficient information, including

pressure losses and
fuel consumption
iction in operating
d speed range, and,
butput power and

heat rejection rates

where required_by” the purchaser, fo enable the plant

ventilation and“cooling requirement

i) If a‘/waste-heat recovery syste
installation, the manufacturer shall
on_eéxhaust temperatures and/or gas
stated back-pressure.

to be determined.

m is part of the
state his tolerances
flow, related to a

If the installation is to include tufbine exhaust heat

recovery equipment not supplied by

the manufacturer,

the manufacturer shall include detafls of exhaust flow,

temperature and pressure at stated
and details of the variations with
temperature and exhaust back-pressu

m) Type of Ilubricating oil r
consumption rate if significant.

n) Quantity of cooling water requi
auxiliary services, for example compr

bmbient conditions
ambient pressure,
e,

bcommended  and

red, and any other
bssed air,

o) Statement of all contractors’ terminating points.

p) Painting and any special proteg
startup, operation and periods of
conditions as specified by the purcha

ction required for
idleness under site
erin 11.4.

assess
used,

d

~—

nd may vary with-operating patterns, site conditions, fuel
C.

1) Rotational speed of each shaft.

q) [f the driven equipment is supplied by the turbine
manufacturer, he must provide leading particulars,

2) “Direction of rotation of the output shaft(s).

including description, performance,

Bize, mass (weight),

lubrication system, etc.

4) Critical speeds or combined resonance speeds, if
known.

e) Leading particulars, for example cycle arrangement,
nominal turbine inlet temperature, pressure ratios, mass
flow and number of compressors, number of turbines,
whether separate power turbine, intercooling, reheat,
heat exchanger.

f) Method of starting, peak starting demand, time to
reach rated speed and time to reach rated output, time
on barring gear before start and after shutdown.

g) |f fuel is gas, the pressure required.

T Wheres The purchaser provides hisown starting device,
the starting torque/speed characteristics of the gas
turbine should be provided by the manufacturer.

s) The manufacturer should if possible by agreement
with the purchaser state the sequence of delivery of the
components and the extent of packing.

12.2 Mass (weight) and dimensions

a) Dry mass (weight) [defined as the mass (weight)
without ' liquid, including all accessories essential to
running or any drives incorporated for non-essential
accessories].
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b) A list of other auxiliaries stating the power and
voltage (where applicable) required for each (whether
driven by the turbine or independently) for example :

b) 1) Mass (weight) of heaviest part to be lifted during
erection.

2) Mass (weight) of heaviest part to be lifted during

overhaul. — auxiliary lubricating oil pump;
3) Dimensions of the largest part. — auxiliary fuel pump;
4) Maximum hook height required during erection — air blast oil cooler fan;

{underside of base to crane hook). . .
— water circulating pump;

5} Maximum hook height required during overhaul

(underside of-hase to crane haok) ~ battery charger;

— barring gear and jacking oil pump;

starting equipment, etc.
12.3 Drawings

c) Statement of other equipment and mgterials
supplied by the maker and included-with the turbihe, for

12.3.1 The foliowing drawings shall be supplied with the
tender :

12.3.2 The follo
supplied with the t|

a) Preliminary
literature.

b} Outline drd
dimensions and

¢c) An outline
of the inlet and
needed by the
“supports and su

d) Preliminary

a) Cross-sectio

b) Piping and
oil, fuel oil, coo|

c) Diagram of

a) Where requ

plant layout and associated descriptive

wing of the gas turbine giving overall
draw-out space.

dimension drawing showing the location
exhaust openings and such information
purchaser to recognize what specific
bporting services are required.

foundation requirements.

wing drawings shall, if possible, be
ender

h of the gas turbine.

instrumentation diagram of. lubricating
ing water control air, etc.

he control system.

12.4 Environmental considerations

red by_the/purchaser, the tender shall

list the expecte)
turbine installat

b) Where requ

sound.pressure level data for the gas
on.in.accordance with clause 10.

example :
— main speed reduction or increasing gear;
~— sole plate, bedplate supports, foundation bqlts;
— normal exhaust ducting; ‘
— normal intake ducting;
— gontrol cabinet and instrumentation;
=\fuel filters;
— lubricating oil filters;
— lubricating oil tanks;
— lubricating oil cooler;
— lubricating oil purifier;
- tools, lifting gear;
—  piping;
— batteries;
— essential spare parts, for example igniter;
— spares list;
— instruction manual;
— external insulation;

= list of essential protection devices—indluding

der—shatt

list the expected exhaust gas composition and smoke
emission in accordance with clause 10.

12,5 Auxiliary equipment

a) A tabulated list of auxiliaries for which a power
allowance has been made in the maker’s site rating and
which are necessary for the running of the turbine, for

example :

— main lubricating oil pump;

— fuel pump, etc.

controls, etc.

d) Statement of additional equipment available from or
through the maker, for example :

— exhaust silencer;

— air filters or silencers, or both;

— house generator;

— extra ducting and cascade elbows;

— fuel and lubricating oil tanks, pumps, heaters,
treatment plant and piping;
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— turbine or compressor washing or cleaning
equipment;

— platform, handrailing;

— additional spare parts recommended;
— supervisory, etc;

— fuel gas compression equipment;

— firefighting system;

fvater, etc.

I1SO 3977-1978 (E)

12.6 Maintenance

Where requested by the purchaser, the manufacturer shall
give information on the anticipated maintenance
requirements for the proposed gas turbine system. Typical
maintenance information is given in annex D for guidance
purposes.

12.7 Data sheets

If it is convenient, the information required in clause 12
i er in the form of data

MNad DE ppilied o e mdn f
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ANNEX A

SUPPLEMENTARY INFORMATION ON FUELS

A.1 GASEOUS FUELS

A.1.1 Relative density and density by calculation

Average relative molecular mass of gas = 20,104

The relative molecular mass of dry air from table 1 is
28,966 (the relative molecular mass of air at 1SO standard

The relative density and density of a gas mixture may be
calculated from [its analysis by computing the relative
molecular mass of the mixture. The latter is obtained by
multiplying the mole fraction of each constituent in the
mixture by its fespective relative molecular mass and
adding (see tabld 1 for relative molecular masses). The
mole fraction is optained by dividing the number of moles
of gas by the totphl of moles present. For gases, the mole
fraction is the pefcentage of volume divided by 100. For
example, for a gas|consisting of :

a) methane (QH,) —775%
b) ethane (C,Hg) — 16,0 %
¢) carbon dioxide (CO,) —6,5 %

the relative density is determined as follows :

(n (14} (3) (4)
Mbt Relative mol-
Constituent _e Relative mol- ecular mass of
fradtion .
ecular mass mixture

(% by |[volume) [(2) X (3)]/100
CH, w5 16,043 12,433
C,Hg 1p.0 30,070 4.8M
CO, 5,6 44,011 2,860
20,104

conditions is 28,855 since it contains water, vapour
corresponding to 60 % relative humidity). Therefore, the
relative density of the gas above, when compared tolair (air
referred to as 1,0), is :

20,104

= 0,604
28966 09

Relative density =

The density of a gas is obtained by dividing the pverage
relative molecular mass©f the gas by the molar volume. The
molar volume variés Jslightly with the compregsibility
factors of the .components, but for most engipeering
purposes it is_ sufficiently accurate to use a volyime of
22,412 m? per kilomole at 0 °C and 101,3 kPa (1 013 mbar).

The density of the gas mixture given in the exampl¢ above
is therefore :

20194 _ 0,897 kg/m® [0°C, 101,3 kPa (1 013 bar)
T3 = O o/m ,101,3 kPa mbar)]
and of air
28,966 1,293 kg/m3 [0 °C, 101,3 kPa (1 013 mpbar)
22’412_ , g/m ' - a m ar]

18



https://standardsiso.com/api/?name=8a8b4026f46fc68eb5d7a67ba9c6f508

TABLE 1 — Properties of gaseous fuels at 15 °C

1SO 3977-1978 (E)

Reference Relative mol- Calorific values
No. Substance Formula ecular mass . kJ/kg
Higher Lower
1 Carbon c 12,011 32780 32780
2 Hydrogen Ho 2,016 142 120 120 075
3 Oxygen 02 32,000 - -
4 Nitrogen No 28,013 — -
5 Carbon monoxide CcoO 28,011 10 110 10 110
6 Carbon dioxide CO, 44,011 - —
PAHAFFIN SERIES, CpHop + 2
7 Methane CHg4 16,043 58 545 50 000
8 Ethane CoHg 30,070 5192Q 47 525
9 Propane CzHg 44,097 50 384 46 390
10 n-Butane CaHq0 58,124 49 565 45775
11 Isobutane CaH1go 58,124 49 445 45 660
12 n-Pentane CsHip 72,151 49 060 45 400
13 Isopentane CgHqp 72,151 48 97¢ 45 305
14 Neopentane CsH12 72,151 48 780 45 115
15 n-Hexane CgH1a 86,169 48 710 45 130
OLHFIN SERIES, CphHop,
16 Ethylene CoHy 28,054 50 345 47 205
17 Propylene CzHg 42,081 48 940 45 800
18 n-butene (Butylene) CaHg 56,108 48 475 45 350
19 Iscbutene C4Hg 56,108 48 220 45 085
20 n-Pentene CsH1o 70,128 48 180 45040
ARQMATIC SERIES, C H,, . g
21 Benzene CgHg 78,107 42 360 40 660
22 Toluene C+Hg 92,132 42 890 40 985
23 Xylene CgH1g 106,158 43 380 41310
MISCELLANEOUS
24 Acetylene CoHo 26,036 50 019 48325
25 Naphthalene CqoHsg 128,162 40 235 38 865
26 Methanol CH30H 32,041 23 865 21115
27 Ethanol CoHgOH 46,067 30615 27 750
28 Ammonia NH3 17,031 22 490 18610
29 Sulphuv S 32,06 9 265 9270
30 Hydrogen sulphide HoS 34,076 16 515 15 225
31 Sulphur dioxide SO, 64,06 - -
32 Water vapour HoO 18,016 = -
33 Air {dry) 28,966 - -

19
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A.1.2 Calorific value

Table 1 gives the calorific value of various gases which may
be used for the calculation of heat values. Once the
chemical analysis of the gas is known, the calorific value of
the gas is the sum of the products of the mass fraction of
each constituent and its calorific value on a mass basis. For
the gas given in the example in A.1.1, the calorific values
are obtained as follows :

The fraction by mass of each constituent is :

Aircraft derivative gas turbines require the lighter grades of
fuel, whereas industrial gas turbine designs are compatible
with the heavier grades. Heavier grades of oil (other than
distillates) usually contain more impurities which are more
detrimental at the-higher operating temperatures. Thus, to
operate at peak ratings, industrial design gas turbines may
also utilize the lighter grades of fuel.

A.2.2 The significance of the properties of |lC|UId fuel on

Methane = 12/4/20-104=0617— whichrestrictions-are-placed by specificationsisasfollows :

4{8/20,104 = 0,239

il

Ethane
The calorific values are :

HCV =55 543 (0,617) + 51 917 (0,239)

LCV = 50 058 (0,617) + 47 525 (0,239)

= 46 678 kJ/kg
= 42 243 kJ/kg

A.1.3 Contaminants

The contaminants likely to be found in fuel gas depend
on the kind of gas involved, for example natural gas, pro-
ducer gas, refinpry gas, blast-furnace gas. Some of the
contaminants whijch are likely to be found are :

a) tar, carbon black, coke, dust and other solids;
b) water, salt] water, oil and other liquids;

c) naphthalene, gas hydrates and other gases.

A.2 L\QUID FUELS

A.2.1 Propertiey

a) Density. Density alone is generally' of little
significance as an indication of “the [burning
characteristics of liquid fuel. However, when |used in
conjunction with other propertigs, it ‘is of value [in mass-
volume relationship and in calculating the calorific value
of fuel.

b) Viscosity. The viscosity of a liquid fuel i highly
significant since it indicates both the relative ease
with which the~fuel will flow or may be pumped, and
the ease of atomization by the fuel nozzles.

Minimum ‘viscosity is limited because some fue] pumps
will not<perform satisfactorily if the viscosity|reaches
too, low a value. Maximum viscosity is limited| since a
given fuel system will not function properly if the
viscosity exceeds some upper value.

High viscosity can cause excessive pressure lossgs in the
piping system, and poor fuel atomization.

¢) Pour point temperature. The pour poin{ is an

Gas turbine op
requirements are
stability, good ¢
levels. These qua
temperatures of

eration is improved and maintenance
reduced when fuels have good. thermal
bmbustion quality, with low ¢entaminant
ities become increasingly-important when
the fuel system and turbine are high, or

indication of the lowest temperature at which
can be stored and still be capable of flowin
gravitational forces. The pour point is prescy

with higher pour points are permissible wher

a fuel
j -under
ibed in

heated

when long periods between overhauls-are-desired.

In general, use [of a highly refined and therefore more
expensive liquid [fuel will reduce maintenance and capital
cost of a gas tufbine for a(particular situation. Use of the
low cost unrefinpd and residual fuels (although not all gas
turbines are designed \to operate on residual fuels) will
increase maintenance “and capltal cost of a gas turbme
Thus, the best ¢hoice ! : A
availability and cost of fuel and mamtenance and capltal
-cost of the gas turbine.

A general principle can be expressed that for high
utilization, a low cost fuel should be sought. For low
utilization, the annual cost of fuel will beless and a higher
cost fuel is justified to allow purchase of a lower initial cost
gas turbine power plant (including possible fuel treatment
equipment and supplies). Aircraft engines are designed to
operate on a very light pure distillate oil. Some of the
properties of aircraft grade fuels are specified for
compatibility with the aircraft environments. Thus, aircraft
engines converted to industrial use do not require fuels
with all the requirements of aviation grade fuels.

20

accordance with the conditions of storage and u%:e. Fuels

storage and adequate piping facilities are providedl.

d) Handling and pumpability. The fuel(s) selegted for
use in a gas turbine can markedly affect the complexity
of the fuel handling system. For example, thg use of
very light distillates classified as naphthas may| require
the addmon of a Iubncnty agent to the fuel when used

ate id Ifuels in
2— GT and 3— GT can impose special

grades Nos.
requirements related to the successful transport of fuel
from bulk storage to gas turbine fuel system. These
special requirements relate primarily to the viscosity
and pour point temperature characteristics of one or

more of the following heater systems. Specific
requirements should follow the gas turbine supplier’s
recommendations based on his evaluation of the fuel
compositions, ambient temperature range, and specific
engine fuel system characteristics.

The high pour point temperature of many grade 3—GT
fuels necessitates that heating be provided for tanks,
piping and other fuel system components.
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General requirements can be summarized as follows :

1) Heaters are required where the ambient
conditions are likely to reduce the fuel temperature
below the minimum permissible of 5°C to 10°C
above the fuel pour, cloud or .freezing point,
depending on fuel viscosity. Bottom heating is
preferred.

Local heating may be required where water is present
in the fuel to prevent filter blockage as a result of ice
particles. Vent lines shouid be heated to prevent fuel

I1SO 3977-1978 (E)

and heating. When this occurs, the oils are said to be
incompatible. Compatibility is measured by making
a 50 — 50 mixture of the two oils and then subjecting
the mixture to the thermal stability test. In general,
this test is not required on the light distillate oils because
it is very rare that they encounter compatibility
difficulties with one another.

However, when a light distillate oil is used for start-up
and shutdown of a gas turbine burning a heavy oil, the
mixture of light and heavy oils must be checked for

spldshes from solidifying in the lines. The fill line
sholld also be heated if provisions for draining or
bloing clear are not incorporated. Some fuels
exhibit a narrow range between pour point
temperature and flash point temperature and,
thefefore, heating equipment must be capable of
cloge control.

2) |Fuel heaters should be installed before the
separators and before the filters.

3) |Fuel line heaters should be controlled by
ternperature or viscosity to prescribed levels.

4) [All fuel lines, bypass lines, pumps, strainers,
filt¢rs and valves up to the engine fuel pump inlet
should be insulated and have trace heating as
reqliired.

In addition to heating, the fuel handling system must
incorplprate provisions for proper filtration, purging of
heavy | fuel from the system in both normal “and
emerg¢ncy shutdown modes, and fuel cross-overs
where|more than one type of fuel is to be~introduced
into the system.

e) Fiash point temperature. The flash point is an
indication of the maximum temperature at which a
liquid | fuel can be stored and_handied without serious
fire hgzard. The minimum permissible flash point may
be reguilated by law and is\based on accepted practice
in hanglling for use from-the/standpoint of safety.

f) Thermal stability \The thermal stability test measures
the t¢ndency of\\a fuel to deposit decomposition
produgts in the “fuel system components of the gas
turbing. In, Gertain types of gas turbine where the fuel
systerr] operates at high fuel temperature, the thermal
stability must be specified.

odotlia
coTpPatronTly .

k) Water and sediment. Water_and sediment in a liquid
fuel tend to cause fouling ofpthe fuel-handling facilities
and to increase maintenance costs in the gas turbine. An
accumulation of sedimeént in storage tanks and filter
screens may obstructithe flow of oi} from the tank to
the combustor of~“the gas turbine. Water in- distillate
fuels may cause corrosion of tanks ahd equipment, and
water in residual fuels may cause emplsions. Sea or salt
water is particularly detrimental becalise of the corrosive
effect of\Sodium in combination witlL sulphur or other
impur{ties. ‘

1}>\€arbon residue. The carbon residue is a measure of
the carbonaceous material left in a| fuel after all the
volatile components are vaporized in|the absence of air.
It is rough approximation of the terjdency of a fuel to
form carbon deposits in the combustor of the gas
turbine.

m) Calorific value. The lower calgrific value of the
liquid fuel is required to calculatp the gas turbine
performance and to design the gas turpine.

Approximate values of the calorific values of liquid fuels
can be obtained from ISO 2314,

Precise values shall be obtained by ad bomb calorimeter
test.

n} Ash. The ash is the non-combustible material in an
oil. Ash-forming materials may be pfesent in the liguid
fuel in two forms :

1) solid particles;
2) oil or water-soluble metallic compounds.

The solid particles are, for the mgst part, the same

g} Distillation. The distillation test shows the volatility
of a fuel and the ease with which it can be vaporized.

h} Luminometer number. Luminometer number
measures the flame-radiation characteristics of the fuel.
A low luminometer number indicates that a greater
proportion of the chemical energy of the fuel is
released as thermal radiation. In certain types of gas
turbine, this can cause overheating and a reduction in
life of the combustion chamber parts.

j) Compatibility. Not ail liquid fuels can be mixed
without having jellylike or stringy precipitates form
at the time of, or soon after, mixing or after mixing

material that is designated as sediment in the water
and sediment test.

Depending on their size, these particles can contribute
to wear in the fuel system, and to plugging of the fuel
filter and the fuel nozzle. The soluble metaliic
compounds have little or no effect on wear or plugging,
but they can contain elements that produce turbine
corrosion and deposits as described subsequently.

o) Determination of melting point and sticking
temperature of ash. In order to minimize high
temperature corrosion it is important that the melting
point of the ash is well above the maximum material
temperature in the gas passage. Normally the ash
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melting point range is determined, but if this is not
practicable owing to lack of suitable equipment, the ash
sticking temperature may be determined with the aid of
a suitable laboratory oven.

In order to examine the melting point range, the ashing
must be done at 525 £ 10 °C to avoid sintering of the
ash.

Ash melting point range. The ash melting point range
covers the following :

p) Vanadium. Vanadium can form low melting
compounds, such as vanadium pentoxide which melts at
690 °C, and which causes severe corrosive attack on all
of the high-temperature alloys used for gas turbine
blades. :

Therefore, the maximum. concentration of vanadium
must be specified, and it is usually limited to 2 ppm.
However, more stringent limitation such as 0,5 ppm may
be specified according to the type and duty of a gas
turbine.

1) ash sintéring temperature : The temperature at
which the |ash binds together (sinters) without
coherent melting.

2) initial melting point : The temperature at which
parts of the Jash begin to melt, giving the appareance
of glistening|spots.

3) final me]ting point : The temperature at which all
the ash has melted.

Ash sticking t'meerature. The sticking temperature is
the temperaturg at which the ash sticks to a platinum
plate. '

To discover whether the sticking temperature of an ash
lies above the maximum allowed temperature, first set
the laboratory |oven to this temperature. Place a small
sample of ash|on a prepared!) platinum plate. Avoid
fingering the ugper surface of the plate. Fold up one side
of the plate, pick up with laboratory tongs and carefully
place it in the|oven, where it should remain for 5 min
with the door|closed. Carefully remove the plate and
allow it to cogl down for a few minutes. Gently probe
the ash with the forefinger. The sticking point has‘not
been reached if the ash feels powdery and cameasily be
distributed. The sticking point has been reached if the
ash has a harg sintered appearance and. only partly
loosens from [the plate when distutbed. Those parts
which have stugk feel like small lumps'on the surface of
the platinum plate.

Where the sticking temperature has been considerably
exceeded, the |ash may<have completely melted and
formed an engmel-liké fayer over the plate. If it is
required to p{npoint( the sticking temperature, it is
convenient to Kegin at 660 °C and raise the temperature

I'he concentration oT vanadi

will combine with the vanadium to form com
with higher melting points and thus reéduce the cofrosion
rate to an acceptable level. The réstilting ash will form
deposits in the turbine, causing.some loss in power, but
the deposits are self-spalling ‘when the turbine jis shut
down.

In most cases, the required magnesium-to-vanadium ratio
will be obtained by\additions of magnesium-conﬂining
compounds to the liquid fuel. The special requirpments
covering the<addition of and type of magresium-
containing base additive, or equivalent, must be sgecified
by mutual agreement between the purchas¢r and
manufacturer.

The-additive will vary, depending on the applicatipn, but
it\is always essential that there is a fine and upiform
dispersion of the additive in the fuel at the pgint of
combustion.

For gas turbines operating below 650 °C, the colrosion
of the high temperature alloys is of minor impofrtance,
and the use of a silicon-base additive will furtherfreduce
the corrosion rate by absorption and dilution |of the
vanadium compounds.

g) Sodium and potassium. Sodium and potassiym can
combine with vanadium to form eutectics which melt at
temperatures as low as 565 °C, and can combirle with
sulphur in the fuel yield sulphates with melting pgints in
the operating range of the gas turbine. These compounds
may produce severe  corrosion, and for tzrbines
operating at gas inlet temperatures above 650 >C, no
additive has been found which successfully contrdls such
corrosion without at the same time forming telllacious

in 25 °C stages.
stage.

After these tests the platinum plate may be cleaned with
the molten potassium pyrosulphate (K,S,0,), washed
thoroughly, rinsed in distilled water and dried.

1} Make glowing red and cool in a desiccator before use.

22

deposits:

Accordingly, the sodium-plus-potassium level must be
limited, but each element is measured separately. Some
gas turbine installations incorporate systems for washing
oil with water to reduce the sodium-plus-potassium level,
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For gas turbines operating below 650 °C, the corrosion
due to sodium compounds may be of minor importance
and can be further reduced by silicon based additives.

r) Calcium. Calcium is not harmful from a corrosion
standpoint; in fact, it serves to inhibit the corrosive
action of vanadium. However, calcium can lead to hard-
bonded deposits which are not self-spalling when the gas
turbine is shut down, and which are not readily removed
by water washing of the turbine. The oil washing
systems used at some gas turbine installations to reduce

the—sodium and potassium level will also significantly
9 Y
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Limiting values are placed on a number of the properties
of the oils in each grade. The properties considered are
those that are believed to be of the greatest significance in
determining performance characteristics of the liquid fuels
in the various gas turbine applications.

a) Grade No. 1—GT is a very pure light distillate oil.
(Certain very light distillates, such as naphtha and highly
volatile fuels, may fail outside the limits given in table 2
and attention is drawn to the appropriate footnotes in
table 2.)

lower the calcium content of liquid fuel.

s) |Lead. Lead can cause corrosion, and in addition it
car] spoil the beneficial inhibiting effect of magnesium
additives on vanadium corrosion.

Since lead is only rarely found in significant guantities
in prude oils, its appearance in the fuel is primarily the
result of contamination during processing or
trahsportation.

t) |Chlorine. Gas turbine fuels may contain small
ampunts of chlorine compounds which form into HCl or
even CL., during deposition. This compound or element
acgelerates corrosion of gas turbine austenitic materials.

u) | Sulphur. Sulphur, normally burning to sulphur
dioxide can also be oxidized partially to sulphur trioxide
whjch can then combine with sodium and potassium
comppounds from the ash in the fuel to form sulphates
ang such compounds as sodium or potassium iron tri-
sulphate.

The pyrosulphates and the trisulphates.\biave melting
points in the operating range of the gas turbine. Hence,
these compounds produce severescorrosion of the
turpine blading. In general, it has been found impractical
to prevent corrosion by limiting the sulphur content of
the fuel, so corrosion of this”type is controlled by
limliting the sodium and potassium.

b} Grade No. 2—GT is a heavier distillate than grade
No. 1—GT. This grade can be_used by gas turbines not
requiring the characteristic, of low carbon formation of
grade No. 1-GT. Fuel \heating equipment may be
required, depending >on the fuel |system design or
ambient temperattre conditions, or bpth.

c) Grade No.3—GT is a heavier djstillate than grade
No. 2—GT, or a blend of a distillate with a residual fuel
oil, orf\a residuali fuel that meets the low ash
requirements. Fuel pre-heating equipment will normally
berequired.

Table 2 gives details of the above typical grades of liquid
fuels.

A.2.3.1 The following requirements relating to liquid fuels
must be met :

a) The fuel must be homogeneoug hydrocarbon oils
free from inorganic acid.

b) All grades containing residual |[components must
remain homogeneous in normal stofage; that is, they
shall not separate by gravity into light and heavy oil
components outside the viscosity limits for the grade.

A.2.3| Typical examples of liquid fuel grades

Gas tdirbine liguidofuels may be divided into three typical
gradeg, based Upon their applicability for use in gas
turbinges.

c) Modifications of grade specification to meet special
operating conditions must be agreed|upon between the
purchaser and the manufacturer.
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ANNEX B

EXHAUST SMOKE MEASUREMENT

B.1 GENERAL

B.1.1 With proper maintenance, there should be no visible
smoke from the exhaust of gas turbines burning gaseous
fuel. Smoke in the exhaust of oil-burning gas turbines can

The information is presented as follows :
— terms and definitions;

— equipment;

be deceptive as only 0,1 %, or even less, of unburned carbon
can regult in extremely dense smoke. Techniques have been
developed to measure smoke content, quantitatively, that
extend into the invisible range. Specifications and codes for
controjling smoke intensity should recognize transient as
as well as steady requirements. Smoke intensity can be
most critical at :

a} [light off;
b) |idle;
c) [full load;

d) [shutdown.

B.1.2 [Smoke spot number

specified using the smoke spot number, also known-ds
Bachaach number, where the smoke scale ranges from\ 0
to 9| with the lower values correspondingx'to a
logarithmically lower value of smoke. The smoke spot
number provides a fine discrimination in the vicinity of the
threshold visibility.

The d’Fgree of smoke intensity for gas turbine may be

Inforn]ation on the Bacharach method.\0f exhaust smoke
measufement is given in clause B.2.

B.1.3 |Von Brand reflective smoke number

Another method of specifying smoke is the Von Brand
reflective smoke number) The Von Brand method allows
for coptinuous sampling and hence permits observation of
engine| transients—~A" correlation between the Von Brand
and smoke spot number is shown in table 3.

is give

Smoke spot number

— test procedures;

— information and data to be recorded.

TABLE 3 — Approximate comparison of
Von Brand and.smoke spot numbers?)

Von Brand reflective
smoke number

100
99
97
93

89
82
74
67
56

0

Perceptible
range

OONOADB|[IWN=0

1) For the comparison in this table to be valid, the sampling rate
for the Von Brand refiective smoke number i§ 4,74 m3 of gas flow
per square metre of filter paper area and for tHe smoke spot number
57,2 m3 of gas flow per square metre of filfer paper. See ASTM
D2156—65 for definition of smoke spot number.

TABLE 4 — Estimated public resgonse to
gas turbine stack plumes1 )

. Von Brand reflective .

The eqti.mated public response to gas turbine stack. plumes Smoke spot No. smoke No. Public response

intable 4. Q-2 100 — 90 one, invisible smoke

4-5 90 - 80 Acceptable — May
B.2 SMOKE SPOT (BACHARACH) METHOD FOR GAS satisfy local codes
TURBINE EXHAUST SMOKE MEASUREMENT 6 80 — 70 Sporadic complaints
. 7-8 70 — 60 Many complaints

B.2.1 introduction leading to community
This sub-clause gives information on test equipment action
and procedures based on the smoke spot method for the 9 Below 60 Immediate vigorous
measurement of smoke emission from gas turbines having community action.

exhaust pressures ranging from sub-atmospheric to high
positive pressures, for example gas generators. The
procedures included are for determining and reporting the
amount of smoke emission and to enable a uniform
approach to be established.

1) For the comparison in this table to be valid, the sampling rate for
the Von Brand reflective smoke number is 4,74 m3 of gas flow per
square metre of filter paper area and for the smoke spot number
57,2 m3 of gas flow per square metre of filter paper. See ASTM
D2156—65 for definition of smoke spot number.

25


https://standardsiso.com/api/?name=8a8b4026f46fc68eb5d7a67ba9c6f508

1SO 3977-1978 (E)

B.2.2 Terms and definitions

a) smoke : Small gas-borne particles, including but not
limited to black carbonaceous material from the burning
of fuel in sufficient concentration to create visible
opacity.

b) sampling : The collection of an exhaust gas sample
under controlled conditions for the purpose of
analysis.

B.2.3.6 Vacuum pump (if required), capable of producing
between 1,2 and 2,5 kPa pressure in the smoke sampling
box, when valve A is fully open, and valve B closed. The
pump must be of the oil-free variety to avoid the possibility
of contamination of the sample.

B.2.3.7 Bacharach pump, providing a total volume of
5 680 + 250 cm3 at 15 °C, 100 kPa for each square centi-
metre of effective surface area of filter paper.

B.2.3.8 Bacharach oil burner smoke scale, complying with

c) test filter J)aper: Particular filter material used to
collect smoke particles from the exhaust gas sample.

B.2.3 Equipmen

A schematic illusfration of the sampling system is shown in
figure 2.

B.2.3.1 Sampling probe, having an internal diameter
between 9 and 190 mm. It shall have at least five 2,54 mm
diameter holes sgaced along its length such that each hole
samples an equal|area of the exhaust stream when placed
across the exhaust duct.

Ideally the probp should be uncooled but if cooling is
necessary to make the probe mechanically sound, the
coolant flow shal| be controlled so that the temperature of
the sample gas dops not fall below 100 °C.

Probe material shall be stainless steel or nickel-base alloy.

B.2.3.2 Sampling line, straight through with no kinks-or
loops, and no bgnds of less than ten line diameters.' The
sampling line inside diameter shall be between"9 and
10 mm. The sampling line section from the/probe exit to
valve A shall be ds short as practicable and-not greater than
30 m. Line material shall be stainless steelor copper. The
line and samplinf box shall be heated. {electrically or by
steam) and lagded to ensure that” the sample gas is
maintained within the range of<100"and 150 °C to prevent
condensation of the sample at\any position in the line, and
overheating of the¢ filter paper:

B.2.3.3 Valving.|Valves A and B shall be throttling valves

ASTM D 2156-65, consisting of ten spots numbered
consecutively from 0 to 9, ranging in equal photpmetric
steps from white through neutral shades of grey tq black,
imprinted or otherwise processed on white paper or plastics
stock having an absolute surface reflectance of bletween
82,5 and 87,6 %, determined photometrically. The|smoke
spot number is defined as the percentage reduction [due to
smoke) in reflected incident light\divided by 10.

B.2.3.9 Test filter paper, white having an absolute [surface
reflectance of 82,5 to 87,5 %, determined by photpmetric
measurement. When. ' making this reflectance measugement,
filter paper must ‘be backed by a white surface|having
an absolute surface reflectance of not less than 75 %. When
clean air at standard conditions is drawn through clean filter
paper at-a“rate of 47,6 em3.min~".cm~2 effective fsurface
area of filter paper, the pressure drop across the filtdr paper
should-fall between limits of 1,73 and 8,55 kPa.

B.2.4 Cleaning and leak checks

The probe and sampling line shall be thoroughly fleaned
prior to taking a smoke sample if more than 5 h funning
has taken place since they were last cleaned| It is
recommended that the probe and line be cleaned by |passing
a suitable solvent through them, and then blowing clean,
dry compressed air through for about 5 mjn to reméve any
remaining solvent in the line. While the air is beind blown
through the line, the line heaters shall be switched on.

The sampling line and probe connections shall be dhecked
for leaks before any smoke sampies are taken.

B.2.5 Test procedures

B.2.5.1 Precautions

used to establish the sampling pressure in the smoke
sampling box. Valve A shall be adjusted to produce
minimum impingement in the sampling box.

B.2.3.4 Smoke sampling box, serving as plenum chamber
in order to stabilize flow conditions. A schematic
Jillustration of the sample box is shown in figure 2 and
detailed requirements are shown in figure 3. '

B.2.3.5 Temperature measurement. The temperature of
the gas sample shall be measured at the entry to the
sampling box.

26

e samptebeing measured—is—composed—oftow-micron
and/or submicron size agglomerated particles. Precautions
must be taken to ensure that steady-state engine conditions
have been achieved prior to taking a sample.

To prevent material accumulation in the sampling system,
the probe shall be removed when not in use.

B.2.56.2 Probe orientation

The probe shall be located across the centre of the engine
exhaust with its holes facing upstream. It shall be located at
least two exhaust diameters downstream of the power
turbine and not within two exhaust diameters of any bends
in the exhaust. ‘
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B.2.5.3 Preparation for sampling at each power setting

The leak checks and cleanliness requirements in B.2.4 shall
be confirmed. The following procedure shall then be carried
out at each power setting to prepare the system for
sampling :

a) Open valve A fully and adjust valve B as necessary
to give between 1,2 and 2,5 kPa pressure in the sampling
box, with or without the vacuum pump depending on
available exhaust pressure.

ISO 3977-1978 (E)

b) Having the sample, loosen the clamp on the
Bacharach pump, move the filter paper along 10 mm
and reclamp it firmly in position.

c) Repeat a).

d) Compare the smoke stains on the filter material
{backed with a piece of white paper) with the Bacharach
oil burner smoke standard scale. if they are not the same
smoke spot number repeat a), b} and c) until two
consecutive stains are the same smoke spot.

b) [Ensure that the temperatare of the sampie entering
thelsampling box is within the range 100 °C to 150 °C.

c) |Allow sample to flow for 5 min.

d)
ang
out.

Clamp a strip filter paper in the Bacharach pump
ensure that it is firmly secured, i.e. cannot be pulied

Connect the Bacharach pump to the smoke sampling
and adjust valve B as necessary to maintain between
and 2,5 kPa pressure in the smoke sampling box.

bo)
1.2

B.2.5.84 Sampling procedure

e) Samples shall be taken at engine gonditions as agreed
between the manufacturer and the\pufchaser.

B.2.5.5 Obtaining the-smoke spot numi

the standard smboke spot smoke scale b

yer

viewing the stain

The smoke stain on_the filter paper sha}be compared with

through the’hotes in the smoke scale. W

en the smoke stain

and the smoke scale number are the same colour, then the

number/corresponding to the smoke
spot,

tain is the smoke

a) |Draw the required sample through the test filter
pager, using a Bacharach pump, over a period of The comparison shall be carried out in daylight, not
apgroximately 1 min. artificial light, within 1 h of taking the sgmple.
]
N -
Turbine-exhaust
stack
Vacuum pump
Multi-Holed sampling ! (if required)
probe {holes facing di- ‘ Heated and lagged
rection of exhaust === ‘———samplmg line and
flow) A - ! ! box
T /
| P |
Valve A /
4 Permangnt bleed
Connection Tor {seefigure 3)
' Bacharach pump \
Water
T
T Smoke box ——=L__ manometer
Direction of Valve B

exhaust flow

FIGURE 2 — Schematic illustration of smoke spot smoke sampling system
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Screwed union
for connection
to sampling
line via valve A
- {positioned on
box centre line)

6 mm
tube fd

T ) IS

butside diameter
r connection to

Bacharfach pump (tube

positio
line an
centre

B.2.6 Testdata

For each Bachara(
shall be recorded :
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a) gas turbing

ned on box centre
H extends to
of box)

6 mm outside diameter
tubeg for connection to
. manometer (positioned
on box centre line)

6 mm diameter permanent
bleed adjacent to union

Screwed union
for connection

to valve B {(po- ————m
sitioned on box 150 mm cube box,

centre line) . 1,6 mm thick,
stainless steel
welded construction

FIGURE.3 — Smoke spot sampling box
(all dimensions approximate)

turbine entry temperature;

h number~measured, the following data b) ambient' conditions (pressure, temperatur
humidity);
power, speed fuel flow and - power ¢} fuel type and additives, if used.

T

c

and
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