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INTERNATIONAL STANDARD

ISO 3977:1991(E)

Gas turbines — Procurement

1 Scope

1.1 This Ipternational Standard provides technical
information to be used for the procurement of gas
turbine systems, including combined-cycle systems,
and their {uxiliaries by a purchaser from a manu-
facturer. Because of the very widely varying operat-
ing modesg for gas turbines in practice, distinct
categories |of operating modes are specified with
which a “slandard” rating can be associated. These
ratings mugt also be made on the basis of the ISO
standard anbient reference conditions.

1.2 This lLnternational Standard provides a basis
for the subbmission of proposals to meet different
environmental and safety requirements and also
gives, wherever possible, criteria to establish
whether thpse are met. It does not attempt todeal
with local pr national legal requirements to which
the installation may be required to conform.

1.3 This Ipternational Standard defines a standard
framework| for dealing with questions of fuel and
other matters such as the mipimum information to
be providegd by both the purchaser and the manu-
facturer. It [does not, however, purport to include all
the necesgary informationvfor a contract and each
gas turbing installation~must be considered in its
entirety. Attention is.drawn to the need for technical
consultatiop between the manufacturer and the pur-
chaser to pnstiré compatibility of equipment being
supplied, particularly where the responsibility for

ple, chemical process, nuclear reactorsg, furnace for
a super-charged boiler), this International Standard
may be used as a basis but will need tp be suitably
modified. This Internatiomal-8tandard gxcludes gas
turbines used to propeh aircraft, road |construction
and earth-moving machihes, agricuiturgl and indus-
trial types of tractorshand road vehicles

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the edition indicated was valid. All standards
are subject to revision, and parties to|agreements
based on this International Standard |are encour-
aged to investigate the possibility of applying the
most recent edition of the standard indipated below.
Members of IEC and 1SO maintain registers of cur-
rently valid International Standards.

ISO 2314:1989, Gas turbines — Acceptanice tests.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 gas turbine: Machine which converts thermal
energy into mechanical work; it consigts of one or
several rotating compressors, a thermal device(s)
which heats the working fluid, one o:'TseveraI tur-

supply is divided.

NOTE 1 Where the term “manufacturer” is used in this
International Standard, it is deemed to mean the gas tur-
bine manufacturer or the appropriate responsible con-
tractor.

1.4 This International Standard is applicable to
open-cycle gas turbine power plants using normal
combustion systems and also includes closed-cycle,
semiclosed-cycle and combined-cycle gas turbine
power plants. In cases of turbines using free piston
gas generators or special heat sources (for exam-

bines, a control system and essential auxiliary
equipment. Any heat exchangers (excluding waste
exhaust heat recovery exchangers) in the main
working fluid circuit are considered to be part of the
gas turbine.

Examples of gas turbine systems are shown in
figure 1.

3.2 gas turbine power plant: Gas turbine and ali
essential equipment necessary for the production of
power in a useful form (e.g. electrical, mechanical
or thermal).
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3.3 open cycle: Thermodynamic cycle in which the
working fluid enters the gas turbine from the at-
mosphere and discharges to the atmosphere.

3.4 closed cycle: Thermodynamic cycle having a
recirculation working fluid independent of the at-

mosphere.

3.5 semiclosed cycle: Thermodynamic cycle utiliz-
ing combustion in a working fluid which is partially
recirculated and partially exchanged by atmospheric

or more rotating compressor(s), thermal device(s)
associated with the working fluid, and one or more
compressor-driving turbine(s), a control system and
essential auxiliary equipment.

3.15 compressor: That component of a gas turbine
which increases the pressure of the working fluid.

3.16 turbine: Term which when used alone refers
to the turbine action only. It is that component of the
gas turbine which produces power from expansion

a separate

air. of the working fluid.
3.6 simple cycle: Thermodynamic cycle consisting 317 power turbine: Turbine having
only of successive compression, combustion and shaft from which output is derived.
expansion,
3.18 combustion chamber (primary or reheat): Heat
3.7 regengrative cycle: Thermodynamic cycle em- source in which the fuel redcts to incre¢ase directly
ploying exhaust heat recovery, consisting of suc- the temperature of the working fluid.
cessive |compression, regenerative  heating,

combustion, expansion and regenerative cooling

(heat trans
discharge

3.8 interc
ploying co
of success

fer from the exhaust o the compressor
Tuid) of the working fluid.

boled cycle: Thermodynamic cycle em-
pling of the working fluid between stages
ve compression.

between s

cycle: Thermodynamic cycle employing
of thermal energy to the working fluid
ges of expansion.

3.19 working fluid (gas”or air) heater: |[Heat source
in which the temperature of the working fluid is in-
creased indirectly.

3.20 regenerator/recuperator: Different types of
heat-exchanger, transferring heat from|the exhaust
gas to.ihe working fluid before it entgrs the com-
bustion‘chamber.

3.21 precooler: Heat-exchanger or |evaporative
cooler which reduces the temperature |of the work-

3.10 combined cycle: Thermodynamic systeni
comprising {two or more) power cycles, each using
a different working fluid. In steam and air combined
cycles (thel most commonly used working fltids), in-
creased thermal efficiency is achieved because the
two cycles| are thermodynamically complementatry,
since heatfis rejected from the gas turbine (Brayton
cycle) at ajtemperature such that it\ean be used as,

or it can supplement, the energy'saurce in the steam ‘

system (R4nkine cycle).

-shaft gas turbine: Gas turbine in which
the comprgssor and turbine rotors are mechanically
coupled and the power'output is taken either directly
or through |gearing.

3.12 muitishaft gas turbine: Gas turbme combl-
nation incl
dependent shafts. The term includes cases referred
to as compound and split-shaft gas turbines.

3.13 bled gas turbine: Gas turbine which has, for
external use, extraction of compressed air between
compressor stages and/or at the discharge of the
compressor, or extraction of hot gas at the inlet of
the turbine and/or between turbine stages.

3.14 gas generator: Assembly of gas turbine com-
ponents which produces heated pressurized gas to
a process or to a power turbine. It consists of one

ing fluid before initial compression.

3.22 intercooler: Heat-exchanger wh
the temperature of the gas turbine wor
tween stages of compression.

ch reduces
ing fluid be-

3.23 overspeed trip: Control or trip element which

actuates the overspeed protection syst
rotor reaches the speed for which the d

m when the
avice is set.

3.24 control system: This includes starting control

systems, governor and fuel control sys
and shut-down systems, speed indicato
electrical power supply controls and an
trols necessary for the orderly start-up,
ation, monitoring of operation, shut-do|
and/or shut-down for abnormal conditio

tems, alarm
r(s), gauges,
y other con-
stable oper-
wn, warning
hs.

governing system: Confrol elements and de-

wces for the control of critical parameters such as
speed, temperature, pressure, power output, etc,

3.26 fuel governor valve: Valve or any other device

operating as a final

fuel-metering

element

controlling the fuel input to the gas turbine.

NOTE 2
furbine are possible,

Other means of controlling the fuel fiow to the

3.27 1{uel stop valve: Device which, when actuated,

shuts off all fuel flow to the combustion

system.
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3.28 dead band: Total range through which an input
can be varied with no resulting measurable correc-
tive action of the fuel flow controller. In the case of
speed, dead band is expressed in percent of rated
speed.

3.29 governor droop: Steady-state speed changes
produced by the change of output from zero to the
rated output, expressed as a percentage of the rated
speed.

3.30 overtemperature detector: Primary sensing el-
ement which is directly responsive to temperature

ISO 3977:1991(E)

3.33 specific fuel consumption: Mass rate of the
fuel consumed per unit of power, expressed in
grams per kilowatt hour, using the net specific en-
ergy specified in 6.1.2).

3.34 thermal efficiency: Ratio of the net power out-
put to the heat consumption based on the net spe-
cific energy of the fuel [see 1ISO 2314:1989, 8.2.2 and
8.3.3¢e)].

3.35 reference turbine inlet temperature: Mean
temperature of the working fluid immediately up-
stream of the first stage stator vanes (as determined

and which actuates, through suitable amplifiers or
converters, the overtemperature protection system
when the|temperature reaches the value for which
the device is set.

3.31 fuel specific energy (calorific value): Gross
specific gnergy is the fotal heat released per unit
mass of [fuel burned, expressed in kilojoules per
kilogram.| The net specific energy is the gross spe-
cific energy less the heat absorbed by the vaporized
water forfned during combustion. It is expressed in
kilojoules| per kilogram.

NOTES

3 The two specific energies can be obtained for constant
volume or|for constant pressure, respectively, the differ-
ence being rather small.

4 The gross specific energy for constant volume is ob-
tained using a bomb calorimeter.

5 The ne} specific energy value for constant pressure is
used in |the steady-flow combustion process (see
ISO 2314).|Also the specific energy may be calculated ac-
cording to|ISO 4261 (see annex F).

3.32 headt rate: The heat consumption per unit of net
power off the gas turbine (se€\3.2), expressed in
kilowatts [of heat per kilowatt'of power, based on the
net specific energy of the fuel including the sensible
heat aboye 15 °C (see also1SO 2314:1989, 8.2.3).

NOTES
6 This may apply also to the test fuel in clause 5 and can

also be expressed as the reciprocal of thermal efficiency
{see 3.34),

in 1SO 2314:1989, 8.5).

3.36 self-sustaining speed: Minimum speed at
which the gas turbine operates, without using the
power of the starting device; under [the most un-
favourable ambient conditions.

3.37 idling speed:Speed designated by the manu-
facturer at which the turbine will run in a stable
condition and, from which loading or shut-down may
take place.

3.38 maximum continuous speed: Upper limit of the
continuous operating speed of the gds turbine out-
put-shaft.

3.39 rated speed: Speed of the gas furbine output
shaft at which the rated power is devgloped.

3.40 turbine trip speed: Speed at which the inde-
pendent emergency overspeed device operates to
shut off fuel to the gas turbine.

3.41 steam and/or water injection: Bteam and/or
water injected into the working fluid 10 increase the
power output and/or to reduce the content of oxides
of nitrogen (NO,) in the exhaust.

3.42 mass to power ratio (mobile
Ratio of the total dry mass of the g
ements, in accordance with 3.1, to th
gas turbine, expressed in kilograms p
defined in 6.3.

3.43 compressor surge: An unsta

applications):
s turbine el-
power of the
er kilowatt, as

bie condition

characterized by low-frequency fluctugtions in mass

7 The net power output of the gas turbine is derived in
accordance with 1SO 2314:1989, 8.1.

flow of the working fluid in the compressor and in
the connecting ducts.
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1h) Comblined-cycle gas turbine with pressurized-flufdized bed combustor

4 Standard reference conditions

The standard reference conditions on which-1SO
power, efficiency, heat rate or specific fuel con-
sumption gre based are as given in 4.1 to _4.4.

4.1 Air intake conditions

For the intake air at the compressor flange (alterna-
tively, the compressor intakeflare), as described in
ISO 2314:1989, 6.6.2:

— a total pressure.cf,101,3 kPa;

— a total femperature of 15 °C;

Figure 1 — Examples of gas turbine systems

4.4 Working fluid heater or cooler

Where a heater or a cooler is employpd and uses
ambient air, the standard reference confitions of the
ambient air shall be 15 °C and 101,3 kPp.

5 Test fuels

If the fuel to be used for testing the gas turbine is
different from that agreed between thie purchaser
and the manufacturer for service oppration (see
10.7), a test fuel of a mutually agreed [specification
shall be used.

6 Ratings

— a relati humidity of 60 %

4.2 Exhaust conditions

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

— a static pressure of 101,3 kPa.

4.3 Cooling water conditions (if applicable)

An inlet water temperature of 15 °C applies if cool-
ing of the working fluid is used.

6.1 General

6.1.1 The output power of a given gas turbine at a
given reference turbine inlet temperature is, in gen-
eral, proportional to the absolute ambient pressure
and is also greatly dependent on air intake tem-
perature (normally outside dry bulb temperature).
Likewise, the output at a given air intake tempera-
ture is dependent on the reference turbine inlet
temperature. To achieve a rating it is necessary to
adopt standard conditions of ambient temperature
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and pressure, but gas turbine ratings will neverthe-
less vary considerably owing to the differing oper-
ational modes demanded of them as well as the
varying criteria used in the design of the basic el-
ements. ISO standard ratings neglect pressure drop
at the inlet and exhaust but site ratings allow for
these losses.

NOTE 8 Steam or water injection may be used to in-
crease the power output and to reduce the NO, emissions
(see 3.41).

6.1.2 The performance ratings of gas turbines shall
be asses i
used as follows:

a) turbines intended for use on liquid fuel (DST 2,
see table E.2): 42 000 kd/kg;

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

The specific energy at constant pressure of the fuel,
whether liquid, gaseous or solid, is based on a
pressure pf 101,3 kPa and a temperature of 15 °C.

6.2 Operational modes

Unless special circumstances apply, and these must
be specially agreed between the purchaser and the
manufactyrer, the net power rating of a gas turbine
shall be specified under a combination of one of the
classes i) 6.2.1 together with one of the ranges of
average rjumber of starts per annum in 6.2.2.

EXAMPLE

B I referd to operation of up to 2 000 k_per annum
associatefl with any number of starisiup to 500 per
annum.

The manufacturer shall state the type, frequency and
degree of inspection and/or maintenance required
for the relevant operationalode [see 11.1c)].

NOTE 9 |t should beecognized that some gas turbine
applications will operate with a combination of the classes
given in 6.2.1. In such'¢ases, the purchaser should specify
the anticipated number of annual hours of operation at the
specified net_power ratings in each class. Operation out-
side these|spécified net power ratings/operational modes

ISO 3977:1991(E)

Class D: operation up to and including 8 760 h
per annum at base power rating.

6.2.2 Ranges
Range I: over 500 starts per annum average,
Range [I: up to 500 starts per annum average;
Range Ili; up to 100 starts per annum average,
Range IV: up to 25 starts per annum average;

Range V: continuous operation without planned
shut-down for inspection and/or | maintenance
within a specified period.

6.3 IS0 standard ratings

The manufacturer shall declare starjdard ratings,
based on electrical‘power at the generator terminals
or on turbine output shaft power undef the standard
reference conditions defined in clause |4, associated
with the following operational modes:

a) 18O standard peak load rating (2 §00 h and 500
starts per annum average) Class B} Range Il

by SO standard base load rating (8/760 h and 25
starts per annum average) Class D} Range IV.

In each case, the manufacturer shall gtate the type,
frequency and degree of inspection and/or mainten-
ance required.

6.4 Site ratings

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

a) Generating plant: the net electricall power at the
generator terminals, with adjustmpnt for auxili-
ary power as given in ISO 2314:19808, 8.1.2.

b) Mechanical drives: the net shaft pgwer, adjusted
for any auxiliaries not driven directly by the tur-
bine (as defined in ISO 2314:1989, §.1.1).

could materially affect the inspection intervals and main-
tenance required.

6.2.1 Classes

Class A: operation up to and including 500 h per
annum at reserve peak power rating;

Class B: operation up to and including 2 000 h
per annum at peak power rating;

Class C: operation up to and including 6 000 h
per annum at semi-base power rating;

In either case, the site power rating shall relate to
specified site conditions of the instailation (such as
ambient pressure and temperature, and pressure
losses, steam and water injection, etc.) and operat-
ing modes under which the plant is intended to run
in service.

Where the gas generator is supplied separately, its
site power shall be expressed as the gas power
arising from the isentropic expansion of the gas
generator exhaust flow (using total pressure and
temperature) to the ambient atmospheric pressure
when it is operated under the specified site con- -
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ditions of the installation and operating modes un-
der which the plant is intended to run in service (see
ISO 2314:1989, 6.3.5).

7 Controls and protection devices

7.1 Starting

The starting control system, including any pre-start
requirements such as barring, may be manual,
semi-autonrati e, i 11y v v
7.1.2 and 71.1.3 respectively.

7.1.1 Manual start shall require the operator to
start the guxiliary equipment, initiate, hold and ad-
vance the [starting sequence (crank, purge, fire) and
accelerate to minimum governor setting or ready for
synchronizing in the case of generating sets.

7.1.2 Semi-automatic sequence start may require
manual starting of the auxiliaries and shall permit
the operatpr to commit the turbine by a single action
to the complete starting sequence up to minimum
governor setting or ready for synchronizing in the
case of geperating sets.

713 Autpmatic sequence starts require only a
single actipn (manual or otherwise) to start the rec

quired aux
starting s¢

iliary equipment and initiate the complete
quence up to minimum governor.setting

or ready for synchronizing in the case of generating

sets.

7.2 Loag

Subseque
semi-auto
level.
starting se

ing

t loading of the“set may be manual,
atic or automatic-up to a specified power

Automatic loading vmay follow directly the

quence without any additional action of

the operator.

e of loading, periods of dwell at specific

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

7.3 Shut-down

This may be achieved by manual, semi-automatic
or automatic means. In -each case, however, the
principal sequence of operations is essentially as
-given in 7.3.1,7.3.2 or 7.3.3.

10

7.3.1 Generator drives

a)

9)

7.3.2 Mechanical drives

a)

b)

c)

d)

7.3.3 Emergency shut-down

a)

Controlled unioading to zero output at synchron-
ized speed.

Opening the circuit breaker.

Reduction to idling speed and period of cooling
where applicable.

Fuel cut-off and shut-down of auxiliaries not re-
quired for barring.

Shut-down of remaining auxiliaries| for example

lubricating oil pumps.

Return to starting condifions.

Controlled{ unloading to minimum load con-

ditions,
Cooling period where applicable.

Fuel cut-off followed by shut-down pf auxiliaries
not required for barring.

Barring period, if necessary.

Shut-down of remaining auxiliaries,| for example
lubricating oil pumps.

Return to starting conditions.

Emergency shut-down shall be cappble of man-
ual selection and shall also occur automatically
as a result of automatic operation pf plant pro-
tection devices. The system shalll operate di-
rectly on the fuel stop valve to cut off the turbine
fuel supply.

, automatic
3 upon shut-
down the driven equipment from the system it
supplies in order to prevent motoring or reverse
flow.

Except where otherwise specifie

It may also be necessary to operate venting sys-
tems for the release of stored energy.

Normal barring and shut-down sequences, as
appropriate, shall subsequently take place, but
where automatic restart is included, means shall
be provided to prevent automatic restart without
manual reset.
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7.4 Purging

7.41 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 ensure safe op-
eration of the gas turbine.

Where national regulations do not exist, the purging
cycle shall displace at least three times the volume
of the entire exhaust system (including the stack)
before firing the unit. In cases where alternative
precautions are taken, this may not be necessary.

ISO 3977:1991(E)

instantaneous loss of load when the

turbine is op-

erating under conditions within the limits of capa-
bility set by specified ambient conditions with design

fuel pressures, temperature and fue

|1 calorific val-

ues, and with the speed changer set and controlling

at the rated speed.

7.9 Fuel governor valve

The fuel governor valve (see 3.26) shall return to

minimum position under any turbi
condition.

ne shut-down

7.4.2 Where liquid fuels of a highly volatile nature
are used, special precautions may be necessary.
Special grecautions should include, but are not lim-
ited to, the inclusion of automatically operated fuel
dump valves.

7.5 Fuel control

Fuel supply shall be under a controlled opening se-
quence which shall be over-ridden by the turbine
temperature or other protective devices.

7.6 Copstant speed

Gas turbiines which are to be regulated to a sub-
stantially constant speed (in particular, those driving
an eleclric generator where, in some cases,
isochronpus speed control is necessary), shall<be
fitted with a governor sensing the output-\shaft
speed. Uniess otherwise agreed betweep-'the pur-
chaser 4gnd the manufacturer, no-load speed shall
be adjustable, while running, within tthe range of
95 % to 105 % of the rated speed.

The speed changer, when remotely operated, shall
typically | when held synchronized, be capable of re-
ducing the output from maximum site rated output
to zero in not more thap-40-s, but the operating time
taken shall be specified by the purchaser o be
compatiljle with other-speed changers on units run-
ning in parallel.

7.7 Variable speed

7.10 Fuel shut-off
7.101 In addition to the fuel gove

a separate stop valve or*shut-off valv

rnor valve or

" which stops

control valve, the fuel control syster} shall include

all fuel flow to the turbine‘in any shut-
and which will not-open until all per
conditions are satisfied.

7.10.2 For électric generation, mean
vided, either' on the gas turbine or on

own condition
missible firing

5 shall be pro-
the generator,

for prevention of motoring of the generator when the

fuelsfop valve is closed. Where syn
pensation is specified, these require
operationally over-ridden.

7.10.3 For gaseous fuels, appropriat

shall be used to reduce the risk of le
gas turbine when the turbine is shut

7.11  Overspeed control

Each separate line of shaft shall be fi

chronous com-
ments may be

e vent valve(s)
kage into the
own.

ted with either

an overspeed governor or an overspeed trip unlfess

it can be shown that dangerous overs
a practical possibility.

7.12 Manual check on overspeed

peeding is not

controls

Facilities shall be available for the opgrator to check
manually the overspeed governor/averspeed pro-

tective devices.

be done as far

NOTE 10 It is desirable that this shoulg

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

7.8 Governor

The governor for mechanical-drive applications shall
limit the output speed at 105 % of the rated speed
under all conditions of steady load. Unless other-
wise specified by the purchaser, governor systems
for electric generator drive shall prevent the gas
turbine from reaching the turbine trip speed with an

porary loss of protection.

7.13 Overspeed settings

ind without tem-

The overspeed governor or overspeed trip shall be

set to operate at a level which will

not allow the

transient speed to exceed the maximum safe limit
for the line of shafting under any sudden loss of
load. Their main functions are respectively to cause
the fuel to be reduced or to be cut off near the
burner(s) by means independent of the main gover-

nor.

1"
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714 Translent speeds

In a gas turbine, particularly a multi-shaft unit,
where a line of shafting may be subject to high ac-
celeration on loss of load, speed may continue to
rise after the operation of the 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., electrlcally, mechanically or hy-
draulically coupled
overspeed.

7.15 Additional overspeed protection

Gas turbines with separate power turbines or with
heat-excharjgers may require additional protection
against overspeeding due to stored heat or large
stored volumes of high pressure air, or both. Such
protection may, for example, take the form of blow-
off valves, 10ad resistors, actuated by the main gov-
ernor or overspeed trip, or both.

7.16 Flame failure
Where instajllation requirements indicate, consider-

ation shail e given to providing a device to shut off
the fuel in the event of flame failure.

7.17 Fuel joverride control
The fuel coptrol system shall include an overfide
system to prevent exceeding the turbine rated firing

temperaturel, or maximum gas generator speed if
this is a mote stringent limitation.

7.18 Dead band
The dead bpand at rated speed-and at any power

output up tojand including the-maximum power out-
put shall noff exceed 0,1 %-0f the rated speed.

7.19 Stability of the'speed governing system

7181 The [spéed governmg and fuel control sys-

7.19.2 The speed governing and fuel control sys-
tems shall be considered stable when

a) the driven equipment is operated and under
sustained load demand, provided that the mag-
nitude 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
\ not produce
a change in output exceedmg + 2 % lof the rated
output when the driven equipment js operated
at rated speed in parallel with ofher driven
equipment at constant speed and |under sus-
tained load.

For gas turbines of large output, the permissible
magnitude of oscillations-is expected to he generally
lower.

7.20 Stability of the temperature control
system

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 conditions existing when [the driven
equipment is operating in parallel with ather driven
equipment.

The temperature control and fuel cont{)l systems

The temperature limiting or control systam and fuel
control system shall be considered stablp when the
driven equipment is operating in paralle| with other
driven equipment at constant speed, provided the
magnitude of the sustained oscillation of furbine fuel
energy input produced by the temperatiire limiting
or control system and the fuel control system does
not produce a change in output exceedjng 6 % of
the rated power output.

7.21 Overall system stability

In certain installations where the driven |equipment

tems, with t een zero and
its maximum turbine capability, shall be capable of
stable control of

a) the speed of the turbine when the driven equip-
ment is operated in isolation;

b) the fuel energy input to the turbine when the
driven equipment is operating in paralle!l with
other driven equipment.

In certain cases the control is obtained by a combi-
nation of a) and b) above. Stability of operation is
also required in these cases.

12

and its assoclated system exercise an overriding
influence, the criteria of stability given in 7. 19 and
7.20 may not be achievable.

7.22 Lubricating 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 mini-
mum value specified by the manufacturer.
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7.23 Bearing temperature

Gas turbines with main shaft bearings of the
hydrodynamic type shall be equipped with tempera-
ture monitors which shall measure the bearing
metal and/or return-oil temperatures and which
shall actuate alarms and/or trips.

7.24 Pressure fluctuations and excessive
pressure drop in air intake

The design of the air intake system shall take into
account fgressure differentials due 1o fouling or icing
of the air|intake filters and fluctuations arising from
abnormall operating conditions due to a transient
compresgor surge.

7.25 Fuel leakage

Consideration shall be given 1o the need for fuel
leakage detection.

7.26 Vibration monitoring system

Where rgquested by the purchaser, a suitable vi-
bration monitoring system may be supplied.

7.27 Other safety aspects

Information on other aspects of safety which shall
be considered at the tender stage is given*in
annex A.

8 Fuels

8.1 General

As gas tyrbines may be desighed to burn gaseous,
liguid ang/or solid fuels with or without change-over
while under load, the following information shall be
supplied py the purchaser (see 10.7):

a) the full specification and chemical analysis of the
propoged,available fuel(s), including expected
conceptrations of contaminants and possible
variat

{ com pneiﬁnn'
)

ISO 3977:1991(E)

8.2 Gaseous fuels

8.2.1 Properties

The fuel shall be completely gaseous at the turbine
manufacturer’s termination point and at all poinis
downstream to the fuel nozzle(s) where liquid might
be harmful to the gas turbine; liquid eliminators or
other special features, such as heaters, may be

necessary to achieve this.

minimum and maximum acceptable
and pressures of the fuel gas.

The manufacturer shall advise on the
cleaning required in respechof solids.

8.2.2 Corrosive agents

Special attention shall be given in the
presence .of )Jknown corrosive agents
drogen. sulfide, sulfur dioxide, sulfur
sulfur,-alkaline metals, chlorides, car|

chaser of the
temperatures

degree of fuel

hnalysis to the
, such as hy-
trioxide, total
bon monoxide

and_carbon dioxide, which may be present in the

fuel-gas.

8.2.3 Specific energy (calorific value)

acturer of the

The purchaser shall notify the manuf
composition and the net specific

nergy of the

gaseous fuel, or information whereby the value may
be calculated. If it is anticipated that guring steady-

state operation the net specific en

from the specified value, both the exte
of change shall be stated by the purc
that special equipment which may b
proper gas turbine control may be fit
ations in net specific energy are una
manufacturer shall advise the purchg
able limits.

Annex E gives further information o
energy of gaseous fuels.

gy will differ
ht and the rate
haser in order
e required for
d. If the vari-
ceptable, the
ser of accept-

h the specific

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

¢) where change-over from one fuel to another is
required, the load and speed change-over con-
ditions, the fuel change sequence and any other
relevant operational requirement.

If the purchaser’s fuel specification is not acceptable
to the turbine manufacturer, the latter shall advise
the purchaser of acceptable limits of contaminants
and acceptable variations of fuel compaosition.

8.2.4 Supply pressure and temperature

The purchaser shall notify the manufacturer of the
fuel gas supply pressure and temperature. The am-
plitude rate of change and period of pressure and
temperature fluctuations shall be stated by the put-
chaser. In the event that these fluctuations are un-
acceptable, the manufacturer shall advise the
purchaser of acceptable limits.

Annex E gives supplementary information on

gaseous fuels.

13
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8.3 Liquid fuels

8.3.1 Properties

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

There are many opportunities for integrating the gas
turbine and its combined: cycle into the gasification
process to optimize overall thermal efficiency.

The characteristics of the fuel as supplied to the gas
turbine shall be agreed upon by the turbine manu-
facturers and fuel supplier.

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 vari-
ations in physical and chemical characteristics on

Therefore, |agreement on the fuel oil specifications
between the purchaser and manufacturer shouid be
sought, depending on the availability of the fuel and
the duty off the gas turbine. The manufacturer shall
advise on the degree of fuel treatment required in
respect of solids.

8.3.2 Liquid fuel grades

Liquid fuels in accordance with specifications re-

the fuels, it is impracticable to give spefific require-
ments. It is therefore left to the purchaser and the
manufacturer to reach agreement)on|the type of
solid fuel to be used.

NOTE 12 A technical report-on solid fuels and deriva-
tives for gas turbine use is_being developed.

8.5 Nuclear fuels

cognized

cally or authorized by other organiz-

ations and| being suitable for gas turbines may be
used with the mutual agreement of the purchaser

and manuf;

stringent r
bines and
cations, a
treatment

ISO 4261
fuels for g
of ISO 426

cturer.

the necessity for additional or:more
quirements for certain types of gas tur-
applications, more restrictive specifi-
itional properties and/or necessary fuel
ay be specified.

resents the requirements for petialeum
Bs turbines. Annex E reproduces-table 1
which presents detailed reguirements

for gas turbine fuels.

8.4 Solid

fuels

8.4.1 General information

Solid fuels

can be-applied to gas turbines in several

forms, as fpllows;
a) Direct i iniection of pnl\lnrhnrl coal

The application of a nuclear reactor

source for a direct closed-cycle gas tur
economically advantageous. This will
use of an inert gas such as helium as

in:the cycle.

Depending upon the design and the w
ciple of the reactor, special caution sh
regarding contamination of the machin
exchangers as well as the possible influ
small amounts of gases such as water
drogen, carbon monoxide and carbon d
corrosion of the cycle elements.

Therefore, when designing a nuclear
gas turbine plant, the fuel requireme
thoroughly investigated jointly by the m
of the reactor and the power equipm
purchaser,

9 Environment

as the heat
bine may be
involve the
working fluid

orking prin-
all be taken
bs and heal-
ence of even
vapour, hy-
oxide on the

closed-cycle
hts shall be
pnufacturers
ent and the

or coal/solvent.

b) Direct combustion through use of a pressurized
fluidized bed combustion (PFBC) system.

NOTE 11 Both a) and b) will require control of
particulate matter to prevent erosion.

¢) Indirect heat input through an externally fired air
heater.

d) Gasification of coal or other solid fuels, by oxy-
gen or air blown processes.
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9.1 General

This clause deals with vibration and other en-
vironmental factors which affect gas turbine operat-
ing personnel and people in inhabited areas
adjacent 1o the gas turbine power plant. These other
factors include sound (noise), atmospheric pollution,
thermal poliution and site contamination. Locally
recognized or mutually agreed upon standards or
regulations shall take precedence over the criteria
described in this clause, which shall be considered
where no such standards or regulations are appli-
cable.
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9.2 Vibration

9.2.1 Vibration affects availability and safety.
Measurement of vibration and its interpretation is
presented in SO 7919-1 and IS0 7919-4 (see
annex F). ISO 7919-1 provides a method for meas-
uring and evaluating vibration characteristics which
are more clearly indicated by vibration measure-
ments on their rotating shafts. 1SO 7919-4 presents
the special features required for measuring shaft
vibrations on the coupled rotor systems of gas tur-
bine sets.

ISO 2372| (see annex F) establishes an alternative
basis for| the evaluation of mechanical vibration of
machines by measuring the vibration response on
stationary members only, i.e. bearing houses.

The gas|turbine train shall be shut down immedi-
ately if the vibration level exceeds predetermined
safety limits.

9.2.2 Vipration measurements are made on shatfts,
bearing housings or casings. The design details, in-
cluding mass, stiffness and accessibility of these
parts, dgtermine the most significant locations for
vibration| measurement. This International Standard
does nof| specify numerical limits for vibration. The
manufacturer shall ensure that vibration limits are
compatible with the intended service (see 11.1).

9.2.3 THe suitability of a gas turbine system to
perform Jts intended function is often determined by
detailed |knowledge of vibration characteristics of

system |components. The components include
shafts, bearings, housings, casipgs, enclosures,
piping, #ccessories and particularly the interpal

blading and rotor discs, drumgetc. Obviously such
knowledge is vital to the manufacturer. However,
when system components_‘are to be supplied by
more thgn one manufaCturer, the purchaser is ad-
vised to| obtain an<analysis of the Ilateral and
torsional| vibration- characteristics of the compliete
system. |A component consultant or one of the
manufacturers-can usually supply this service at a
time thaf permits corrective action in the event the
analysis [predicts a troublesome natural mode of vi-

ISO 3977:1991(E)

9.3 Sound

NOTE 13 1SO 10494 (see annex F) relates to noise
emission of near-field inlet and exhaust. In the interim
period, the information given in 9.3.1 to 9.3.3 may be used
for guidance.

9.3.1 General

Different people perceive a given sound level with
varying degrees of sensitivity. Factors such as fre-
guency, intensity, directivity and duration influence
tolerance to objectionable sound. Too high a sound

i Hgs, and lower
levels, while not damaging, may. topstitute a nui-
sance to nearby occupied structures. jt is, therefore,
important to the user to determine the acceptable
sound level both in the gas turbine enclosure (if op-
erating personnel are nommally or frequently pres-
ent) and also in the vicinity of the gas| turbine power
plant. It should be recognized that soynd can be due
to equipment otherthan the gas turbire, for example
such associatedlequipment as fans, |[diesel starting

engines, trapsformers, generators, et
reduction @quipment and station d
which reduce the sound level add co
poweriplant, the objective should be
acceptable sound level satisfactory fq
thé’ operator, operator communica
ations, and for nearby occupied struc

The formulation of the sound requi
fulfilled by the gas turbine manufag
adapted to the part of the total plant
delivery.

in order to meet the design objectives
and the manufacturer shall integrate
the total sound contributors while r
vironmental factors that affect the
level. The arrangements for sound 1
be coordinated.

. Since sound
sigh concepts
to the overall
to achieve an
r the health of
ion consider-
ures.

rements to be
turer shall be
ncluded in the

, both the user
their design of
bcognizing en-
overall sound
eduction shall

9.3.2 Sound level inside the gas turbjne enclosure

If the operator is to be inside th
enclosure, the degree and amount
treatment shall be based on reduc

b gas turbine
of acoustical
ng the sound

level in the immediate working vici

ity of the gas

turbine installation to a level in accorgance with the

bration within the range of expected operating con-
ditions.

It is well established that rotating machinery can
encounter severe vibration when components are
coupled by their shafts and foundations even though
they each operate satisfactorily uncoupled (as dur-
ing factory tests for example).

9.2.4 Intolerably severe levels of vibration can
cause serious damage to equipment and structures.
Vibration is also a source of sound.

relevant national standard. ¥ no such standard ex-
ists, ISO 10494 gives guidance in determining the
appropriate sound level.

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

9.3.3 Sound level outside the gas turbine plant
The sound generation shall be limited to prevent

disturbing noise in the vicinity. Local authority de-
mands shall be fulfilled.

15
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The purchaser shall specify the required sound level
and indicate if possibilities are provided for extend-
ing the sound reduction equipment, for example for
settlement that may arise in the vicinity. The dura-
bility of the sound reduction equipment shall be
taken into account.

The influence that surrounding country, settlement,
etc. has on shielding and reverberation shall be
taken into account.

The requirements for the sound level may be for-
mulated as a fixed maximum sound level not to be

reaching these conditions.

NOTE 14

b} a specified condition of load or loads, 5 min after

Other suitable methods of smoke measure-

ment are under development and consideration will be

given to their inclusion at a later date.

9.4.2 Chemical pollution

Local codes and standards shall be consuited to
determine the acceptable level of chemical pollution
from gas turbine exhausts independent of light-

reflective characteristics.

exceeded ff any point at a specified distance from

the plant,

he requirements may also be specified

for certain [points or certain directions.

The requirpments for the sound level shall be for-

mulated t

enable verification. The distance be-

tween the| point of measurement and the plant
should be pot greater than that permitting easy cor-
rection for [the background sound.

The requirgments shall include the maximum sound

level in dE

{A) or the allocation of frequencies, for

example the NR-graph according to International
Standards pnd/or any criterion that protects against
interfering [tones.

The methofd of sound measurement shall be agreed
before the [contract is finalized.

The backg
the specif

ound sound should be measured before
ed value is fixed, and possible time<

variations should be taken into consideration.

Meteorolog
extension.
taken, for

ical factors seriously affect thé sound
In view of this, considerations shall be
example by detailed description in the

contract, of the weather conditions_expected at the

location wh
Measuring

Guidance f

ere the sound requirements are verified.
tolerances should.also be stated.

pr acceptable sound levels outdoors are

indicated in 1SO 10494 where certain instructions

regarding §

9.4 Atmg

ound measufements are also given.

spheric pollution

Gas turbine power plants generally, generate less
noxious gases than gasoline engines or diesel en-
gines,

Unburned hydrocarbons and,oxides of pitrogen and
sulfur, however, can causée)severe atmgspheric pol-
lution, especially.in smog-prone areas.

Particles are typieally of submicron size but are
smog producers by providing condensgtion sites or
nuclei.

In the event that fuel additives are used for either
smoke,.reduction or inhibiting corrosion with re-
sidug! fuel oils, then there is greater possibility of
stack emissions containing deleterious chemicals.
This shall be checked against local codgs.

W

9.4.3 Total content of nitrogen oxides

The method for determining the total content of ni-
trogen oxides in gas turbine exhausts shall be made
in accordance with a recognized apd mutually
agreed test method (see annex C). Waler or steam
injection is one way to reduce nitrggen oxides
emissions, in which case the rate of| water con-
sumption shall be indicated. ’

9.4.4 Atmospheric thermal effects

In the simple-cycle gas turbine without exhaust heat
recovery, the exhaust stack temperature is hormally
higher than for other types of fossil fuel power plants
with resultant greater buoyancy and faster dissi-
pation of the exhaust. The rapid mixipg with sur-
rounding air reduces the temperature of the mixture

9.4.1 Smo

Tests shall

ke

be made in accordance with a recog-

substantially in a distance of a few exhaust duct di-
ameters. 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.

nized and mutually agreed test method for stack
emission. Information on existing methods is given

in annex B. 9.5 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 [ubri-
cating oil for the power plant, but for self-contained
units water-to-air heat-exchangers are used to dis-

If a limit on exhaust smoke is required by the pur-
chaser, it shall be specified in the Bacharach scale
or a mutually acceptable equivalent under

a) steady-state conditions, or

16
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sipate this heat. If compressor precoolers or inter-
coolers are used, then more cooling water is
needed.

9.6 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

1SO 3977:1991(E)

Mean wet bulb temperature and range of vari-
ation experienced or relative humidity shall be
furnished. The former is 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 exampie
whether the site is an industrial district, rural or
near the sea, or a region liable to dust storms
or freezing fog.

¢) Nature of surroundings as affecting exhaust
emissions and suppression of sound, for exam-

standardg] or regulations.

A method for disposing of waste materials shall be
provided.| Waste materials include fuef from false
start draips, lubricating oil contaminated with fuel
oil or ter, such as accidental leakage and
spillage. Bite selection shali give consideration to
prevailing winds and the possibility of stack gases
being drawn into neighbouring structures.

10 Technical information to be supplied
by the purchaser with the enquiry

The parti¢ulars given in 10.1 to 10.10 shall be sup-
plied to the manufacturer with the enquiry. IT it is
convenient, the information required in clause 10

may be fresented by the purchaser in the form of
data shegqts.

10.1 Drjven equipment

Electric generator, pump, compressor, etc.

10.2 Application

Stationary, portable, marine, docomotive, etc.

10.3 Ex}ent of supply

The purchaser shall)'state the manufacturer’s total
responsifjilities_and define the extent of supply, in-
e interfaces between the manufacturer’s

supply may, for mstance include equ:pment supply
and delivery time, erection, testing and guaraniees,
etc.

10.4 Environment

a) Elevation referred to sea level or normal
barometric pressure, coincident wet and dry builb
air temperature and cooling water inlet tem-
perature including average and extreme values
and daily time/temperature air curves under the
hottest and coldest conditions.

ple smoke-free zone, proximity.

property, whether the gas turbine
with any special requirements,
statutory regulations, electricity re
standards, sound and-smoke lev
clause 9).

o residential
has to comply
for example
quirements or
pls, etc. (see

d) Particulars of afy special conditigns relative to
fire risks, fortexample installation| in an oil re-
finery, gas works or explosives wofks.

10.5 Details of site

a) Whether the installation will be oufdoors or in a

b)

new or existing building and wh
exists or is to be supplied; also
manufacturer will be required t
building or enclosure.

Space available for the installat
limitations in regard to size of
depth of basement, etc.

Maximum size and mass (weight)
can be transported to site and han

information required for foundatio
ture of ground, soil bearing cap
conditions and transmission of vibi

Expected wind loads or levels, sndg
earthquake zone, and “G” loads
marine and locomotive application

pther heating
whether the
b supply the

on, including
engine room,

bf parts which
Hled there.

n designh, na-
heity, sub-soil
ation.

swfall, rainfall,
for portable,

"

rway, railway

Details of access to sﬂe |e wate

int to final lo-

cation.

g) Required sound level in the control room and
other designated areas within the station.

h) Properties and conditions of preferred cooling

media (see 10.8}.

10.6 Expected duty

a) Site rating and ambient conditions at which this

is required.

17
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b) Ambient temperature (and, if relevant, coolant
inlet temperature) at the time when maximum
output is required.

¢) Expected number of running hours per annum,
duration of runs and the number of starts. If
known, average load to be carried and extent
and duration of peaks (see 6.2.1 and 6.2.2).

d) Any other information regarding the required
duty, for example black start, minimum time re-
quired for reaching full load from standstill in
normal and emergency conditions, and the

fuel and cycle for intended duty, balancing capi-
tal and operating cost.

10.8 Cooling water

Type, quantity, temperature and chemical analysis
of water 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 temperature.

power fequired over the proposed range of op-
erating|speeds.

e) Particulars of any other machines with which the
drive machine is to run in paraliel.

f) Where [an electrical generator is to be included,
the number of phases, the preferred method of
generator cooling, whether required to operate
as syng¢hronous compensator and relevant data
under [normal and abnormal operating con-
ditions,| such as voltage, frequency and duration
of operption at abnormal frequencies.

NOTE 1§ Where extremes of temperature are en-
countered, consideration should be given to specifying
a larger| generator to make use of the extra capacity
available from the gas turbine at low ambient tem-
perature.

g) If the driven machine is not supplied by the turs
bine maker, its nature, characteristics (forex-
ample, [fault conditions, speed in revolutions per
minute] direction of rotation, if significant/ range
of requjred variation of speed and end thrust im-
posed)| together with breakaway\torque, low
speed forque and polar moment of inertia of the
driven [unit. In addition, details of any special
control| requirements (forCexample where the
speed of a gas turbine driving a compressor or
pump rhay require tode controlled so as to give
a consfant delivery<pressure} and requirements
for lubficating oil, \if-this is to be supplied from
the main turbine oil system.

h) Where the'gas turbine exhausts to a waste-heat
boiler not_supplied by the gas turbine manufac-

NOTE 16 W i coolers, inter-
coolers, generator cooler, lubricating oil| cooler, com-
pressor and turbine washing, or for_freatment of crude
and residual oil fuels.

10.9 Auxiliary power supply
Details of electric, hydpaulic or pneumatic power

available on site for-auxiliaries, for exgmple starter
motor, lubricating’oil pump, etc.

10.10 Special requirements

a) Whether the gas turbine is to be
1)’ attended, unattended, or
2) controlled locally, remotely or ajtomatically.

b} Whether the gas turbine is requiredl to function
over a range of inclinations.

c) Preferred lubricating oils.

d) Details of optional tests required il accordance
with ISO 2314.

e) Expected maximum duration of operption without
external services and/or power supplies.

11 Technical information to be supplied
by the manufacturer when tendering

The particulars given in 11.1 to 11.6 shal

to the purchaser when tendering. If it i
ih i i H i

be supplied
convenient,
ay be sup-

turer, the pressure drop across the boiler in-
cluding ducting, and whether arrangements will
be made for bypassing the boiler.

10.7 Fuel

a) Complete specifications of available fuels shall
be submitted (see clause 8).

b) Cost of proposed fuel may be stated, if required,
to assist in discussions on the most economical

18

plied by the manufacturer in the form of data sheets.

111 General information

a) A detailed list of any and all exceptions taken to
the procurement specification. In the absence of
such a list, it shall be understood and agreed that
the manufacturer’s proposal is in complete con-
formity to the procurement specification. Par-
ticular note shall be given to proposed deviations
from standards quoted in the procurement
specification.
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b)

9)
h)

Performance: information supplied shall include,
but not necessarily be limited to, the following:

1) site rating: power output under clearly stated
ambient conditions [see 11.1))];

2) expected thermal efficiency or specific fuel
consumption, based on the net specific en-
ergy of the fuel, at site rating and at three-
quarters and half site rating; also, data on
power losses and heal consumption during
operation as a synchronous compensator and
spinning researve Nae e _CONaHIoNn ReC|-

fied by the purchaser in 10.6f);

3) cpmpressor air inlet flow or turbine exhaust
flow;

4) tlirbine inlet or exhaust gas temperature.

An indication of the anticipated replacement fre-
querncy of major components and type, frequency
and [degree of inspection and/or maintenance
requlired for the relevant operational mode (see
6.2 gnd 6.3).

NOTE 17 The life expectancy of major components
is difficult to assess and may vary with operating pat-
terng, site conditions, fuel used, etc.

Othgr factors include the following:

1) rptational speed of each shaft;

2) direction of rotation of the output shaft(s);

3) minimum continuous idling speed;

4) dritical speeds or combined

speeds, if known.

resonance

Leadling particulars, forexample cycle arrange-
ment, reference _tufbine inlet temperature,
pressure ratios, mass flow and number of com-
pregsors, number-of turbines, whether separate
power turbine)' intercooling, reheat or heat-
exchanger:

Method,of starting, peak starting demand, time
to res ated te—to—reack :
output, time on barring gear before start and af-
ter shut-down.

If fuel is gas, the pressure required.
Speed variation:

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

)

k)

ISO 3977:1991(E)

2) transient and permanent speed variations re-
sulting from the changes of load notified by
the purchaser following 10.6 d).

Curves showing the effect on output of ambient
temperature and any limitations, including that
of maximum power; also, if appropriate, cor-
rections for ambient pressure, different external
pressure losses and variation of thermal ef-
ficiency of fuel consumption with ambient tem-
perature, any restriction in operating the
machine over the full power and speed range,
and. where relevant, a curve relating output
power and output shaft speed.

Sufficient information, ineluding| heat rejection
rates where required by'the purchaser, to enable
the plant ventilation and cooling fequirements to
be determined.

If a waste-heat-recovery system {s part of the in-
stallation, the manufacturer shall state his toler-
ances on exhaust temperatures and/or gas flow,
related-t6 a stated back-pressure|.

If Yhe installation is to include {urbine exhaust
heat-recovery equipment not supplied by the
manufacturer, the manufacturer shall include
details of exhaust flow, temperafure and press-
ure at stated ambient conditiong and details of
the variations with ambient pregsure, tempera-
ture and exhaust back-pressure.

Type of lubricating oil recommgnded and con-
sumption rate if significant.

m) Quantity of cooling water required, and any other

n)

0)

P)

)

auxiliary services, for example compressed air.

Statement of all contractors’ terminating points.

Painting and any special protectjon required for
start-up, operation and periods of idieness under
site conditions as specified by the purchaser in
10.4.

If the driven equipment is suppligdd by the turbine
manufacturer, he shall provide leading particu-
lars, including description, performance, size,
mass (weight), lubrication sysiem, etc.

Where the purchaser provides his own starting
device, the starting torque/speed characteristics
of the gas turbine should be provided by the
manufacturer.

The manufacturer should, if possible by agree-
ment with the purchaser, state the sequence of
delivery of the components and the extent of
packing.

19
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11.2 Mass (weight) and dimensions

a)

11

with the tendgr.

a)

b)

c)

Dry mass (weight) [defined as the mass (weight)
without liquid, including all accessories essential
to running or any drives incorporated for non-
essential accessories].

during erection;

"

and smoke emission in accordance with

clause 9.

.5 Auxiliary equipment

2) mass
during pverhaul;

.3 Drawings

tive literatpre.

dimension

An outling

for each

. ) a) A tabulated list of auxiliaries for which a power
Other factors include the following: allowance has been made in the maker’'s site
. . . rating and which are necessary for the runmng
1} mass (weight) of heaviest part to be lifted of the turbine, for example:
L — main lubricating oil pump;
WOy Ul 1icavitol palt v U Tmcu
— fuel pump;
3) dimendions of the largest part — air blast oil cooler fan;
erection (underside of base to crane hook); )
. ) i . b) A list of other auxiljaries stating the power and
5) maximim hqok height required during over- voltage (where applicable) required
haul (upderside of base to crane hook). (whether driven by'the turbine or indepgndently),
for example:
— auxiliary lubricating oil pump;
11.3.14 The fpllowing drawings shall be supplied
P g drawing pplie — auxiliary fuel pump;
Preliminary plant layout and associated descrip- - stand-by air blast oil cooler fan;
— stand-by water circulating pump;
Outline drawing of the gas turbine giving overall )
and draw-out space. — battery charger;
dimension drawing showing the)lo- — barring gear and jacking oil pump;
cation of the inlet and exhaust openings and ) )
such information needed by the pufchaser to — starting equipment, etc.
recognize what specific supports and.supportin
J pectt PP PR g ¢} Statement of other equipment and

d)

services ale required.

Preliminary foundation requirements.

11.3.2 The fgliowing drawings should be supplied
with the tendgr.

a)

b)

c)

Cross-section ofthe gas turbine,

Piping and instrumentation diagram of lubricat-

materials
supplied by the maker and included wilh the tur-
bine, for example:

— main speed reduction or increasing|gear;

— sole plate, bedplate supports, foundation

bolts;

— normal exhaust ducting;

ing oil, fuel oil, cooling water, control air, etc.

Diagram of the control system.

11.4 Environmental considerations

a)

20

Where required by the purchaser, the tender
shall list the expected sound pressure level data
for the gas turbine installation in accordance with
clause 9.

Where required by the purchaser, the tender
shall list the expected exhaust gas composition

— normal intake ducting;

— control cabinet and instrumentation;
— fuel filters;

— lubricating oil filters;

— lubricating oil tanks;

— lubricating oil cooler;

— lubricating oil purifier;
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tools, lifting gear;

piping;

batteries;

essential spare parts, for example igniter;
spares list;

instruction manual,

rnal insulation:
exde ;

ISO 3977:1991(E)

fuel and lubricating oil tanks, pumps, heaters,
treatment plant and piping;

turbine or compressor washing or cleaning
equipment;

platform, handrailing;
additional spare parts recommended;
supervisory, etc.;

fuel gas campression equipment;

st of essential protection devices, inciuding
gontrols, etc.

Stat¢ment of additional equipment available from
or through the maker, for example:

gxhaust silencer;
dir filters or silencers, or both;

House generator;

fo)

xtra ducting and cascade elbows;

11.6

fire-fighting system;

utility requiremenis/such as ¢gompressed air,
water, etc.

Maintenance

Where requested by the purchasef, the manufac-
turer shall, give information on the anticipated
maintenance requirements for the| proposed gas
turbinefgystem. Typical maintenancp information is
givennin annex D for guidance purpgses.

1
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Annex A

(normative)

Safety

WARNING — Compressor surge is a dangerous
mode of operation, so the surge condition shall be

avoided for all.anticipated operating conditions

Safety is of

equipment including rigging or blocking tools,

slings, hoists and cranes;

paramount importance in any power

plant includifg the gas turbine power plant?. Pro-

tection from
ards is requi
the following

a) minimizat
appropria

b} control sy

poth human and equipment safety haz-
ed. Careful attention shall be given to
safety elements;

on of fire hazards and provisions for
e fire control;

stems designed to prevent unsafe con-

ditions (speeds, temperature, vibrations, etc.)

(see claus

c) alarms to
{see claus

d) suitable s
nel and/o

e) if operato
is operati
shall be p
cidental c

f) proper hd
available
attention

e 7)

warn of unsafe operating conditions
e 7);

afety trips to protect operating person-
equipment (see clause 7);

's will be near the gas turbine while’it
ng, guards, insulation, handrails,-'eic:,
rovided to protect personnel from’ ac-
bntact with dangerous elements;

ndiing equipment and tools shall be
to maintenance persennel; particular
s required for safe~handling of heavy

g)

h)

k)

power plant design shall minimize the |possibility
of a fire fed by lubricating oil, hydraulic oil and
fuel oil leaks (localizing any potential leaks shall

be given carefui attention);

adequate ventilation and’means of es
be provided for any station personne
be near the power plant when it is op¢g
cognition shall bé given to the fact th3

cape shall

who will
rating; re-
t fire pro-

tection systems using CO, in a confinedl area can

be dangerous o operating personnel;

manufacturer’s recommendations relalive to oc-

cupangy of the gas turbine enclosure
eration shall be followed;

if operators are to be exposed to

Huring op-

abnormal

sound levels, suitable protective ear devices

shall be worn;

provided with instructions to promote

afe oper-

operating and maintenance personneE shall be
|

ation and maintenance of the power p

nt;

the inter-relationship of the gas turbife protec-

tive equipment and its possible effect
power plant or system equipm
clause 7).

on other
ent (see

1) In most countries there are national or local safety regulations which must be observed.

22
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Annex B
(normative)

Exhaust smoke measurement?

B.1 General

B.2 Smoke spot (Bacharach) method for

B.1.1 $moke intensity

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 turljines can be deceptive as only 0,1 %, or
even less, of unburned carbon can result in ex-
tremely |dense smoke. Techniques have been de-
veloped|to measure smoke content, quantitatively,
that extend into the invisible range. Specifications
and codes for controlling smoke intensity should
recognize transient as well as steady requirements.
Smoke iptensity can be most critical at

~— light [off;
— idle;
— full lopad;

— shutidown.

B.1.2 Smoke spot number

The degree of smoke intensity for a gas turbine may
be spedified using the smoke (spot number, also
known ds the Bacharach number, where the smoke
scale rapges from 0 to 9, with the lower values cor-
responding to a logarithmically lower value of
smoke. The smoke spot number provides a fine dis-
crimination in the vicinity of the threshold visibility.

Informafion on the Bacharach method of exhaust
smoke measurement is given in B.2,

B.1.3

Another method of specifying smoke is the Von
Brand reflective smoke number. The Von Brand
method allows for continuous sampling and hence
permits observation of engine transients. A corre-
lation between the Von Brand and smoke spot
number is shown in table B.1.

The estimated public response to gas turbine stack
plumes is given in table B.2.

2) May become the subject of a future separate standard.

B.2.1 Introduction

This sub-clause gives information on

gas turbine exhaust smoke measurement

test equipment

and procedures based_On ‘the smoke spot method

for the measurement of)smoke emi
turbines having exhaust pressures
sub-atmosphericto_high positive pre
ample gas generators. The procedur
for determining-and repotting the a
emission @nd to enable a uniform

established.

Thekjnformation is presented as follo
- terms and definitions;
— equipment;

— test procedures;

Esion from gas

ranging from
ssures, for ex-
bs included are
ount of smoke
pproach to be

— information and data to be recorded.

B.2.2 Definitions

B.2.2.1 smoke: Small gas-borne par

but not limited to black carbonaceoup

the burning of fuel in sufficient concg
ate visible opacity.

B.2.2.2 sampling: Collection of ar
sample under controlled conditions
of analysis.

icles, including
material from
ntration to cre-

exhaust gas
or the purpose

filter material

B.2.2.3 test fllter paper: Particular
icles fi

sample.

he exhaust gas

23
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Table B.1 — Approximate comparison of Von Brand
and smoke spot numbers

Table B.2 — Estimated public response to gas
turbine stack plumes

NOTE — For fhe comparison in this table to be valid,
the sampling [rate for the Von Brand reflective smoke
number is 4,74 m® of gas flow per square metre of filter
paper area and for the smoke spot number 57,2 m® of
gas flow per pquare metre of filter paper. See ASTM
D2156-801) for definition of smoke spot number.

1) ASTM DJ5156-80:1988, Standard test method for
smoke densily in flue gases from burning distillate
fuels.

B.2.3 Equipment

A schematic jllustration of the sampling system is
shown in figure B.1.

B.2.31 Sampling probe, having an internal diam-
eter between B mm and 10 mm. It shall have at least
five 2,54 mm diameter holes spacéd along its length
such that eagh hole samples.an equal area of the
exhaust stream when placed across the exhaust
duct.

Ideally the prpbe sholld be uncooled but if cooling
is necessary tpb make-the probe mechanically sound,
the coolant flgw-shall be controlled so that the tem-

Smoke spot No. Von Brand reflective smoke No. Smoke Von Brand
reflective Public response
spot No. ke N
0 100 smoke No,
1 99 .
5 o7 0—3 100 — 90 None — invisible smoke
4—5 90 — 80 Acceptable ~- may satisfy
3 93 local codes
6 - 80 — 70 Sporadic complaints
4 89 7—8 70 — 60 Many complaintsjleading to
5 82 community actioh
6 74 Perceptible 9 Below 60 Immediate vigorous| com-
7 67 range munity aclion
8 56
9 0 NOTE — For the comparisén)in this table to [be valid,
the sampling rate for thé-Yon Brand reflective smoke
number is 4,74 m? of gas'flow per square metre of filter
paper area and for the 'smoke spot number 57,2 m® of

gas flow per square metre of filter paper. Sge ASTM
D2156-80") for.definition of smoke spot numbyd

=

1) ASTM\D" 2156-80:1988, Standard test mgthod for
smoke_density in flue gases from burning (distillate
fuels:

B:2.3.2 Sampling line, straight through| with no
kinks or loops, and no bends of less thanp ten line
diameters. The sampling line inside diamgter shall
be between 9 mm and 10 mm. The sampling line
section from the probe exit to valve A sHall be as
short as practicable and not greater than 30 m. Line
material shall be stainless steel or coppetl The line
and sampling box shall be heated (electridally or by
steam) and lagged to ensure that the sample gas is
maintained within the range of 100 °C 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 of which shall be
throttling valves used to establish the |sampling
pressure in the smoke sampling box. Valye A shall
be adjusted to produce minimum impingement in
the sampling box.

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

24

B.2.3.4 Smoke sampling box, serving as plenum
chamber in order to stabilize flow conditions. A
schematic illustration of the sample box is shown in
figure B.1 and detailed requirements are shown in
figure B.2.

B.2.3.5 Device for temperature measurement, en-
abling the temperature of the gas sample to be
measured at the entry to the sampling box.
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B.2.3.6 Vacuum pump (if required), capable of
producing between 1,2 kPa and 2,5 kPa pressure in
the smoke sampling box when valve A is fully open
and valve B closed. The pump shall 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 5680 cm® + 250 cm® at 15 °C and 100 kPa for
each square centimetre of effective surface area of
filter paper.

B.2.3.8 Bacharach-oil-burnersmoke seale—consis
ing of 10 spots numbered consecutively from 0 to 8,
ranging [in equal photometric steps from white
through |neutral shades of grey to black, imprinted
or otheryise processed on white paper or plastics
stock hajing an absolute surface reflectance of be-
tween §259% and 875 %, determined photo-
metrically. The smoke spot number is defined as the
percentage reduction (due to smoke) in reflected
incident Jight divided by 10.

B.2.3.9 [Test filter paper, white, having an absolute
surface feflectance of 82,5 % to 87,5 %, determined
by photometric measurement. When making this
reflectance measurement, the filter paper shall be
backed by a white surface having an absolute sur-
face refiectance of not less than 75 %. When clean
air at standard conditions is drawn through clean
filter pager at a rate of 47,6 em® min™ -em ™ 2 effec-
tive surface area of filter paper, the pressure drop
across the filter paper should fall between the limits
1,73 kPajand 8,55 kPa.

B.2.4 (leaning and leak checks

The probe and sampling line shail) be thoroughly
cleaned prior to taking a smoke sample if more than
5h running has taken place(since they were last
cleaned.|lt is recommended-that the probe and line
be cleaned by passing_a“suitable solvent through
them, arld then blowing. clean, dry compressed air
through for about 5-min to remove any remaining
solvent (n the lide,' While the air is being blown
through the line;-the line heaters shall be switched
on.

The sa
checked for leaks before any smoke samples are
taken.

B.2.5 Test procedures
B.2.51 Precautions

The sample being measured is composed of low
micron and/or sub-micron size agglomerated par-
ticles. Precautions shall be taken to ensure that
steady-state engine conditions have been achieved
prior to taking a sample.

ISO 3977:1991(E)

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

B.2.5.2 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.

B-2-5-3 pach power
setting
The leak checks and cleanlineSs re¢quirements in
B.2.4 shall be confirmed.AThe following procedure
shall then be carried outhat each power setting to
prepare the system for sampling

a) Open valve ATfully and adjust valve B as
necessary to\give between 1,2 kiPa and 2,5 kPa
pressure/in the sampling box, with or without the
vacuum ‘pump, depending on availabie exhaust
pressure.

b) Ensure that the temperature of the sample en-
tering the sampling box is within the range
100 °C to 150 °C.

¢} Allow sample to flow for 5 min.

d) Clamp a strip filter paper in the Bacharach pump
and ensure that it is firmly secuned, i.e. cannot
be pulled out.

e) Connect the Bacharach pump fo the smoke
sampling box and adjust valve B gs necessary to
maintain between 1,2 kPa and 2,% kPa pressure
in the smoke sampling box.

B.2.5.4 Sampling procedure
a) Draw the required sample through the test filter

paper, using a Bacharach pump,|over a period
of approximately 1 min.

b) Having the sample, loosen the [clamp on the
r 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, re-
peat a), b} and c) until two consecutive stains are
the same smoke spot.

25
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e) ‘Samples shall be taken at engine conditions as
agreed between the manufacturer and the pur-
chaser.

B.2.5.5 Obtaining the smoke spot number

The smoke stain on the filter paper shall be com-
pared with the standard smoke spot smoke scale by
viewing the stain through the holes in the smoke
scale. When the smoke stain and the smoke scale
number are the same colour, then the humber cor-
responding to the smoke stain is the smoke spot.

B.2.6 Test data

For each Bacharach number measured, the follow-
ing data shall be recorded:

a) gas turbine power, speed fuel flow and power
turbine entry temperature;

b) ambient conditions {pressure, temperature and
humidity);

¢) fuel type and additives, if used.

The comparigon shall be carried out in daylight, not
artificial light, within 1 h of taking the sample.

Turbine exhaust

Multl-holed sampling
probe (holes facing
direction of exhaust

m

Vacuum pump

flow) f (If required)
/ " A / line and box

Heated and Lagged samplin

| |
i |

—D

D

Ny ) Valve A
| — 1
Connection for
Diregtion of Bucharach pump N\
exhalist flow p——
Water marjometer
L—y
Smoke box —-/
Valve B

(see figure B.2)

Permanent bleed

Figure)B.1 — Schematic illustration of smoke spot smoke sampling system
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Screwed unlon for connectfon to sampling Line
via valve A (positioned on box centreline)
150 mm cube box, 1.6 mm thick, stainless

6 mm outside diameter tube
for connection to Bacharach
pump (tube posltioned on box
centrellne and extends to
centre of box)

i steel, wetded construction

tube for connection to

manometer (positioned
on box centretine)

NOTE — A}l dimensions are approximate.

‘ _:_“:_;‘:_r_”:_:—;?r ''''''' I ekl

]
6 mm diameter permanent bleed .
adjacent to unlon ’

i 6 mm outslide diameter

Y D N

1

\_Screwed unlon for connection to valve B
{posltioned on box centreline)

Figure B.2 — Simoke spot sampling box
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Annex C

(informative)

Determination of total content of nitrogen oxides in gas turbine exhausts

C.A1 General

One of the difficulti
nitrogen oxigl
concentratiop of NO (< 10 ppm), because it is a rel-

es (NO,) is that of measuring a low °

C.3 Continuous methods

nd require

atively inert gas, by straightforward physical or wet- a) Non-dispersive infrared (NDIR)~ spectroscopy.
chemical techniques. However, if NO is deliberately This method is only applicable to NO and is
converted to|NO,, numerous methods exist, but then widely adopted throughaut ‘the motgr industry
information ¢n the original NO/NO, ratio is lost, and and is specified I current [US Test
doubts must| exist regarding the completion of the procedures!5l, Currently, the range is 100 ppm to
oxidation to NO,. Measurement of NO, in low or high 5 000 ppm but future_trends toward dilution sam-
concentratiohs is relatively easy by a number of pling will stretch, the method some{\JNhat. The
physical or ghemical methods, but handling the gas method is gsusceptible to water vapour and
sample can pe a problem. NO, attacks metals, oils, therefore theysamples need careful drying.
rubber or plastics compounds; it is absorbed by
chemical drying agents such as silica gel and b) Non-dispersive ultraviolet (NDV) spectroscopyl®],
alumina, and the presence of water can lead to high This ‘method measures NO, only. In spme cases
losses from fthe gas stream by solution. In the fol- it \has been used in conjunction with a total
lowing summary of different methods, a distinction oxidizer to achieve a measurement of NO. Con-
is made befween batch methods and continuous centration range is 20 ppm to 500 ppm| A general
methods. drawback is loss of NO, in sampling, as con-
densed water very effectively will remove NO,
Nogg 18 The references quoted in brackets are listed from the gas stream.
in .0,
¢} Chemiluminescent methodsl?]. Thesq methods
C.2 Batch methods are currently being developed and se¢em to be
coming into favour rapidly. The main jadvantage
a) Phenoldiqulfonic acid method (PDSA)'. This is the wide concentration range: 0,001 ppm to
standard |wet-chemical ASTM méthod(?] meas- 3 000 ppm.
ures total| nitrogen oxides in the form of nitrates.
The methpd is applicable over-a very wide range d) Two wavelength absorption spectroscppy (ultra-
of conceftrations (1 ppmCio several thousand violet absorption method) (8119, This method
ppm) and|is a method which can reliably be used measures total nitrogen oxides, and is fast and
as a primpry standard(®- The method is reliable convenient because _ho reagent is pecessary.
but slow and is not-particularly susceptible to the Concentration range is 1 ppm to 500 ppm.
presence [of contanjinants.
e) Correlation spectroscopy (ultraviolet absorption
b) Saltzman(s method4l. This wet-chemical method method) (81{9]. This method measures NO and
is a sensilivetechnique and since it is specific for NO, more accurately compared with fwo wave-
NO,, it can in principle distinguish between NO length absorption spectroscopy. Since no re-
and NO, Concentration range is 1ppm to agent is necessatry, thls method is convenient
5 000 ppm. Accuracy is good if calibrated. The and fast. Concentration range is 1ppm to
method is fast but interference from SO, and 100 ppm.
water vapour is a drawback.
f) Coulometric method (constant potential

¢) Detector tubes. Crystal-filled detector tubes can
be used to measure (NO + NO,) and NO, quite
quickly {10 s) but the method is somewhat im-
precise and inaccurate and can therefore only
be used as a rough check.

28

coulometry) [81110]. This method measures pre-
cisely NO, only using the reaction of nitrogen di-
oxide and bromide ions. Concentration ranges
are optionally selected 0 ppm to 5 ppm and
0 ppm to 5 000 ppm.
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g) Electrochemical transducer (constant potential
electrolysis method) [81[11]. This method meas-
ures nitrogen oxides by a constant potential
electrolytic analyser with a gas-permeable
membrane. It is possible to select measurement
ranges of Oppm to 5ppm and Oppm to
5 000 ppm. The method is slightly inaccurate and
interference from 80, is to be considered, but
the method is very convenient because of a
portable analyser.

NOTE 19 A summary of the methods described in C.2
and C.3 is given in tableC.1,

ISO 3977:1991(E)

types of pollutants in exhaust gases. The method
requires expensive and stationary equipment.

C.86

References
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C.4 Sampling problems

A numbeér of problems exist in direct sampling of
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prior to NO measurement. However, for NO, meas-
urements the gases must not be dried at all, either
chemically or by cooling, because some NO, will be
removed| with the water; nor must the gases be al-
lowed tg contact fresh metal on which the NO, is
readily apsorbed.

C.5 Future methods
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optical method utilizing the Raman “‘effect is under
development in the USA. This method is expected to
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Table C.1 — Summary of methods for measurement of nitrogen oxides
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