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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The proced e ) d
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval crlterla needed £
different types of ISO documents should be noted. This document was drafted in accordanee wi
editorial rulgs of the ISO/IEC Directives, Part 2. www.iso.org/directives

e are
br the
'h the

Attention is firawn to the possibility that some of the elements of this document may)be the subject of

patent rightd. ISO shall not be held responsible for identifying any or all such patent rights. Details
patent rightq identified during the development of the document will be in the Introduction and
the ISO list of patent declarations received. www.iso.org/patents

Any trade ngdme used in this document is information given for the conveniéence of users and do
constitute ar} endorsement.

The committee responsible for this document is ISO/TC 28, Petroleum products and lubri
Subcommitt¢e SC 4, Classifications and specifications, WG 5, Gas turbine fuels.

This second ¢dition cancels and replaces the first edition (1ISO4261:1993), of which it constitutes a
revision with the following changes:

— Referende to ISO 4260 has been removed;
— Referende to ISO 4262 has been removed;
— Referende is made to ISO 10370.

Annex A forms an integral part of thisdnternational Standard. Annex B and C are for information

bf any
or on

S not

cants,

minor

pnly.

iv © ISO 2013 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
https://standardsiso.com/api/?name=cc12982e52178cabeab8468f6c9262ab

INTERNATIONAL STANDARD ISO 4261:2013(E)

Petroleum products — Fuels (class F) — Specifications of
gas turbine fuels for industrial and marine applications

WARNING — The use of this International Standard may involve hazardous materials,
operations, and equipment. This International Standard does not purport to address all of the
safety problems associated with its use. It is the responsibility of the user of this International
Standard to establish appropriate safety and health practices and determine the applicability of

i 1 skl 3 i
regulﬁt\u yimtcationspriorrouse:

1 Sicope

This [nternational Standard specifies the requirements for petroleum fuels for gas turbines (see
ISO 3p77) used in public utility, industrial, and marine applications. It does nét cover requirements for
gas tyrbine fuels for aviation use. This International Standard is intendegd for the guidance pf users such
as tuibine manufacturers, suppliers, and purchasers of gas turbine fuels.

This International Standard sets out the properties of fuels at thetime and place of transfer of custody
to thg user. Further information and recommendations for the quality of the fuel entering the turbine
combpstion chambers are provided in Annex B.

The t¢rminology used and the test methods referred to ip.these specifications are presenteld in Annex C.
NOTE|1  Additional information on fuels for gas turbines'is given in ISO 3977.

NOTE|2 The requirements for petroleum fuels for diesel engines and steam turbines for mfarine use are
given|in ISO 8217.

Thefyel categoriesinthisInternational Standard havebeenclassifiedinaccordance with ISOB216-2:1986.

2 Normative references

The fpllowing documents, innwhole or in part, are normatively referenced in this docurhent and are
indispensable for its application. For dated references, only the edition cited applies. [For undated
refergnces, the latest edition of the referenced document (including any amendments) applies.

ISO 2160, Petroleum“products — Corrosiveness to copper — Copper strip test
ISO 2¥19, Determination of flash point — Pensky-Martens closed cup method

ISO 3104y Petroleum products — Transparent and opaque liquids — Determination of kinematic viscosity
and cqlculation of dynamic viscosity

ISO 3170, Petroleum liquids — Manual sampling
ISO 3171, Petroleum liquids — Automatic pipeline sampling
[SO 3405, Petroleum products — Determination of distillation characteristics at atmospheric pressure

ISO 3675, Crude petroleum and liquid petroleum products — Laboratory determination of density —
Hydrometer method

[SO 3733, Petroleum products and bituminous materials — Determination of water — Distillation method
[SO 3735, Crude petroleum and fuel oils — Determination of sediment — Extraction method

SO 4259, Petroleum products — Determination and application of precision data in relation to methods of test

© IS0 2013 - All rights reserved 1
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[SO 6245, Petroleum products — Determination of ash

ISO 8217, Petroleum products — Fuels (class F) — Specifications of marine fuels

ISO 8754, Petroleum products — Determination of sulfur content — Energy-dispersive X-ray fluorescence
spectrometry

ISO 10370, Petroleum products — Determination of carbon residue — Micro method

3 General requirements
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foreign matter.

delines for limits for trace metals for fuels entering the turbine combustion chambers'are con

of all categories shall remain homogeneous during storage and handling in the cou
here the fuel is to be used, taking into account local storage conditions, handling
torage.

d requirements

e properties listed in this specification are those which pérmit acceptable performance
ver, certain metals, even in trace quantities, are detrimental to gas turbine service life. Inforr
ance and concentration of critical metallic elements-inthe fuel as it enters the turbine comb
rovided in Annex B.

arious categories of gas turbine fuels shalleonform to the limiting requirements sho
the fuel is tested by the methods specified.

poration of additives by the fuel supplier for legal purposes or to improve certain ag
ce is permitted, provided that the amount and type incorporated do not cause the adg
roperties to fall outside the general requirements and specification limits laid down in T4

ditives may also be introduced subsequent to delivery, as noted in Annex C.

for low-temperature eperability is a requirement of this International Standard, but
luded in Table 1 because of the need to conform to local or national requirements. Whg
is called up, suchTimits, together with the test methods required, shall be stated.

on internationally available test methods for low-temperature operability is giy
5).

5 Sampling

and

tained

ntries
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ustion
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hble 1.

limits
n this

en in

Sampling for the requirements in Table 1 shall be carried out by the methods described in 1SO 3170,
ISO 3171, or equivalent International Standards.

NOTE

should be followed.

6 Precisi

on and interpretation of test results

If sampling for trace metals is agreed upon by the interested parties, the recommendations in Annex B

The majority of test methods specified in Table 1 contain a statement of the precision (repeatability and
reproducibility) to be expected from it. Attention is drawn to ISO 4259, which covers the use of precision
data in the interpretation of test results; this procedure shall be used in cases of dispute.

© ISO 2013 - All rights reserved
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Table 1 — Detailed requirements for gas turbine fuels at time and place of custody transfer to user

ISO-F Categorya
Property m:fﬁf) 4| DSTO | DST.1/ [ DsT2/ | DST.3/ | RsT.3/ RST.4/
DMT.1 DMT.2 DMT.3 RMT.3 RMT.4
Low Medium | Petro- | Lowash Low ash Petroleum
flash flash leum |petroleum| residual fuel
point point distil- | distillate | fuelora containing
petro- |petroleum| late distillate heavy
leum distillate | (gas-oil fuel components
distilate—{etfuel 7pe) containing from
(naphtha | [kerosine] heavy petroleum
type) type) compo- brocessing
nents
from
petreleum
processing
Flash[point, °C, min. |ISO 2719b inland: 38 | inland: | inland: 56 60 60
marine: 56 marine:'60
43c marine:
60
Kinerpatic viscosity at | ISO 3104 | 1,3 min.d | 1,3t0 2,4d |1,3to 5,5/ 1,3 to 11,0 | 1,3 to 20,0 55
40 °Clto 100 °C, in (see C.2.2)
mmZ (s, max.
Density at 15 °Cin kg/ | ISO 3675 | Value |Value to be 880 900 920 996
m2, njax.e to be reported (see B.5) (see B.5) (see B.5)
reported
Distillation 90 % 1SO 3405 288 288 365 — — —
(V/Vv)
recovered at °C, max.
Low-femperature See 4.3 | Valuétp |Value to be | Value to | Value to be | Value to be Value to be
operdbility, °C be reported be reported | reported reported
reported reported
Carbqn residue % IS0 10370,~0,15 (on 0,15 (on | 0,15 (on 0,25 1,50 Value to be
(m/m)), max. 10 % 10 % 10 % reportedf
residue) | residue) | residue)
Ash cpntent % (m/m),[ISO 6245 0,01 0,01 0,01 0,01 0,03 0,15
max.
Water % (V/V),max. | 1SO 3733 0,05 0,05 0,05 0,30 0,50 1,0
a Crudeoils;because of their varied properties, do not necessarily fit any category designation. If crude ofl is considered
as a tyrbinevfuel for industrial applications, the manner of its use should be agreed between the turbine mapufacturer and
user.

of ISO

8217.

b Other methods may be required by law for the determination of minimum flash point.

f Anassessment of the significance of carbon residue for RST.4/RMT.4 is given in C.2.6.

¢ Inmarine applications, this category is for use in engines for emergency purposes and shall conform to the requirements

d Fuel with a viscosity below the minimum value of 1,3 mm?2/s at 40 °C may be substituted by agreement with the turbine
manufacturer.

e Density measured at 15 °C, in kilogram per litre or in units of similar magnitude, shall be multiplied by 1 000 before
comparison with these values.

g Gas turbines with waste heat recovery equipment may require additional sulfur control to prevent cold end corrosion
(see C.2.9).

© IS0 2013 - All rights reserved
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Table 1 (continued)

ISO-F Categorya
Property m:f;f) 4| DSTO | DST.1/ [ DsT2/ | DST.3/ | RsT.3/ RST.4/
DMT.1 DMT.2 DMT.3 RMT.3 RMT.4
Low Medium | Petro- | Lowash Low ash Petroleum
flash flash leum |petroleum| residual fuel
point point distil- | distillate | fuelora containing
petro- |petroleum| late distillate heavy
leum distillate | (gas-oil fuel components
distillate | (jet fuel type) containing from
{uayhtha [}\Cl UD;AIC] hcavy——pe(-l'vhllm
type) type) compo- processing
nents
from
petroleum
processing
Sediment % (jn/m), ISO 3735 0,01 0,01 0,01 0,05 0,05 0,25
max.
Sulfur % (m/m), max.g| ISO 8754 0,5 0,5 1,3 2,0 2,0 4,5
Copper corropion clas-| ISO 2160 1 1 1 — — —
sification, malx.
Calculated neft specific See Value to 42,8 41,6 40,0 40,0 39,4
energy in MJ/kg, min. | Annex A be
(lower calorific value) reported

a Crude oils
as a turbine fu
user.

b Other met

¢ Inmarine
of IS0 8217.

d Fuel with 4
manufacturer.

e Density m
comparison wi

f Anassessi

g Gas turbin|
(see C.2.9).

th these values.

hods may be required by law for the determination of minimum flash point.

hent of the significaficerof carbon residue for RST.4/RMT.4 is given in C.2.6.

because of their varied properties, do not necessarilyfit any category designation. If crude oil is cons
] for industrial applications, the manner of its use should be agreed between the turbine manufacturer and

viscosity below the minimum value'of 1,3 mm2/s at 40 °C may be substituted by agreement with the t

basured at 15 °C, in kilograni-per litre or in units of similar magnitude, shall be multiplied by 1 000

dered

pplications, this category is for use in engines for emergency purposes and shall conform to the requirgments

rbine

before

es with waste heatrecovery equipment may require additional sulfur control to prevent cold end corfosion
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Annex A
(normative)

Method of calculation of specific energy

A.1 Specific energy (lower calorific value) is controlled indirectly by the specification
of other properties. Specific energy shall be calculated with a degree of accuracy accept-
able for normal purposes from the density of the fuel, applying correction$-as|follows
for apy sulfur, water, and incombustible (ash) content that may be presént (sge C.2.11):

Specific energy (net), MJ/kg

=(46704-8802p2x10-6+3167 px10-3)[1-0,01 (x+y+s)] +0,01 (9 420s-2 449 x)
where
p| isthe fuel density at 15 °C, in kilogram per cubic metre fs€e Table 1);
x| is the water content, expressed as a percentage by mass;

y| isthe ash content, expressed as a percentage byimass;

s| isthe sulfur content, expressed as a percentage by mass.

NOTE Figure A.1 may be used for a rapid estimation of the specific energy.

© IS0 2013 - All rights reserved 5
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a  Specific energy.

Figure A.1 — Specific energy expressed in megajoules per kilogram
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Annex B
(informative)

Trace metal limits of fuel entering turbine combustion chambers

B.1

Introduction

The

rbine user should confirm that arrangements are made to ensure that the fuel

combpstion chambers meets the manufacturer’s requirements. This might include ‘tr

arra

ements with the fuel supplier, particular care in fuel storage, quality control at the|

entering the
hnsportation
point of use,

and fyel purification procedures. Distillate fuels are usually of satisfactory purity as refined fuels, but
suppljers rarely have control over possible trace contamination by metals during dist
storage. The limits in the present Annex, although recommended for the fuel entering
champers, do not apply to the fuel as delivered unless mutually agreed wpon by the intere
Fuels|may, therefore, require further treatment, quality control procedures, special hand

arra
discu
gives
show

B.2

Appr
meth
purpg
and 1
potas
publi

B.3

Therd
metal
prolo
The u

gements. The significance of trace metals in respect to hof corrosion of turbine cq
5sed in C.4. In the absence of specific guidance from the turbine manufacturer, the p
guideline limits for trace metals in the fuel entering the«combustion chambers. The
h in Table B.1.

Analytical methods

bds may be agreed between the user, fuel supplier, and turbine manufacturer for qu
ses. Adapted methods for the determihation of concentrations of sodium, potassi
bad are under development. For vanadium, the recommended method is ISO 8691
sium, lead, and calcium, a suitable’method is ASTM D 3605I[Z] or equivalent methods
fation of relevant International Standards.

Exceptions to TableB.1

is a relationship between operating conditions, materials, material life, and the co
content of the fuel. However, although maintenance may be reduced and the life of

ser may ehoose to adopt levels different from those of Table B.1 if, after discussion wit

manufacturerand the fuel supplier, he determines that his overall operation can thereby b

B.4

[ Alternative to trace metals determination

ribution and
combustion
sted parties.
ing, or other
mponents is
resent Annex
se limits are

priate reference methods for the determindtion of trace metals are under development. Other

ality control
um, calcium,
for sodium,
pending the

rrosive trace
urbine parts

nged by excéptionally low levels of metals in fuels, the availability of such fuels may Be restricted.

h the turbine
e optimized.

In order to minimize high-temperature corrosion, it is important that the melting point of the ash be well
above the maximum temperature of materials in the gas passage. Therefore, by agreement between the
manufacturer of the turbine and the user, either the melting point or the sticking point can be determined
and may be used as an alternative to the limits given in Table B.1. This point is discussed further in C.4.
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B.5 Fuel purification procedures

The turbine user and manufacturer should agree on the most appropriate method for the removal of
solid contaminants and water-soluble compounds so as to ensure the required final quality of the oil
at the entrance to the turbine combustion chambers. Fuels of categories 3 and 4 near the density limit
specified in Table B.1 may require special consideration or the limits be modified to relate to existing
fuel purification systems available.

Dimensionsin mi]]igmmq per kil gram

Table B.1 [— Guideline maximum limits for trace metals in fuel entering turbine combustion
chambers
Category Vanadium Sodium plus Calcium Lead
V) potassium (Ca) (Pb)
(Na +K)
DST.0

DST.1/DNIT.1 0,5 0,5 0,5 0,5
DST.2/DNIT.2
DST.3/DMT.3
RST.3/R:tT.3 Consult turbine manufacturer
RST.4/RNIT.4

B.6 Sampling for trace metal determinations

B.6.1 General

For the purposes of control of trace metals, fuel may be sampled at a point upstream from the|point
of entry to the combustion chambers, provided that the sample is representative of fuel entering the
combustion ¢hambers. Because of the-extremely low levels of elements being analysed in distillate|fuels,
great care hds to be taken to ensure that the sample taken for analysis is representative.

B.6.2 Fuel[sampling points

Sampling of the fuel at the‘eritical points in the fuel system is recommended to assess the quality jof the
delivered fugl, to monitor the performance of the fuel clean-up or treatment system, and to ensurg that
the fuel at the gas turbine combustion chambers meets specifications. The sampling points will d¢pend
upon the speifie fuel system in question. These will include:

a) a Sampl taken on Hn]ivnry Hnring transferinto the fuel storage tank;

b) fuel storage tank samples, including both tank bottom samples and samples at various levels in the
tank. These should be taken at a frequency determined by the user based on the rate of accumulation
of water and other dispersed contaminants. Where the system consists of multiple tankage, it is
suggested that such samples be taken preparatory to drawing fuel from a given tank. Where the gas
turbine is used for standby or emergency service, the sample should be taken according to a closely
observed schedule;

c) input and output samples in installations which include fuel clean-up and/or treatment to monitor
the performance of the equipment;

d) inputand output samples to monitor the effectiveness of fuel filters;

8 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=cc12982e52178cabeab8468f6c9262ab

ISO 4261:2013(E)

e) asample taken as close as practicable to the gas turbine combustion chambers, which is essential
to ensure that the fuel meets specifications, especially for critical thresholds of trace metal
contaminants.

B.6.3 Sample containers

Samples destined specifically for analysis of trace metals should be taken in containers manufactured
from plastics materials which are hydrocarbon resistant and low in trace metal content. These materials
include polyethylene, polypropylene, and polytetrafluorethylene. Metal and glass containers with
unperforated liners of hydrocarbon-resistant plastic film materials are also suitable. Unlined metal and
glass containers, while suitable for sampling for some analyses, can both add and remove significant

L. 1 .
AMOU[ITCS OT tTdce e tdl COITCAIIIITdaIICS.

The s
the s4

B.6.4

Inspe
times|

accepftable quality will reach the turbine combustion chambers. Brief visual inspections

sugge
analy|

The e
meth
of con
prope
chem

hmple container should be filled only three-quarters full to allow shaking of the coptents before

mple aliquot is taken for analysis.

Inspection and analysis of samples

ction and analysis of fuel to determine fuel quality at various sampling locations an
in the fuel storage tanks and the feed system are very important to ensure thaf

st the presence of some contaminants, but established methads of fuel analysis, includ
5is for trace elements, are needed for more complete evaluation of fuel quality.

ffectiveness of a fuel separation system can best be\judged by the use of specializ
bds,asrecommended by the suppliers ofthe equipméntorthe fuel. These mightinclude
ductivity, dielectric properties, colour, content and quality of particulate matter, turbi
rties, or filterability. From such data, useful déductions may be made to supplement
cal analysis.

1 at different

only fuel of
may serve to
ing chemical

bd analytical
heasurement
dity, spectral
hore detailed
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Annex C
(informative)

Significance of specifications for gas turbine fuels

C.1 Introduction

The propertips selected for specification in Table 1 are those thatare considered to be of mostimpoxtance
in determinipg the characteristics of fuels used in various gas turbine applications, and are chosen to
ensure that gdequate care has been taken in the handling of these fuels prior to the transferof custody
to the user. In general, these specifications are the same as those required for fuels u§ed'in indystrial
and marine ¢ngines and boilers, but gas turbine experience has shown that additional controls ¢n the
chemical natjure of the fuel ash are desirable to restrict the corrosion potential of certain slag-foyming
substances which can be deposited on those turbine parts which may operate @bove 590 °C. Thiq topic
is discussed |n Annex B above, and further details are given in C.4.

C.2 Significance of properties specified in Table 1

C.2.1 Flash point

The flash pojnt is a guide to the fire hazard associated with-the storage and use of gas turbine(fuels.
Specification of minimum flash point temperature is usually mandatory.

C.2.2 Viscpsity

Viscosity is ajmeasure of the resistance of the fuelto flow. For gas turbine fuels, it is extremely impojrtant,
as it is a measure of how well the fuel will flow/or can be pumped and also of the ease of atomizatfion at
the fuel nozzjes.

A minimum [viscosity is specified for eategories 0, 1, 2, and 3, as some fuel pumps may not ogerate
satisfactorily if the viscosity is below this figure. A maximum viscosity is specified for these f£s to

prevent excefsive pressure lossés,in the system, pumping problems, and poor atomization. For category
4, a maximumn viscosity is specified because of possible limitations of the fuel preheating equipment.
However, fudls of a maximun viscosity higher than that specified for this category may be used, syibject
to agreemenf between suppliers, turbine manufacturers, and turbine users. In this case, the limifation
will be the mpximumdeat load in the fuel preheater. This load should not exceed 1,5 W/cm? in a dyhamic
system or 1, W/cm2*in a static system, and the maximum preheater surface temperature shogld be
175 °C to avdid fouling problems.

C.2.3 Density

Knowledge of the fuel density is necessary to establish mass/volume relationships and to calculate
specific energy. Maximum densities are specified for categories 2, 3, and 4 to ensure that water can
be separated in any fuel treatment process, although for fuels for which these maximum densities are
approached, special considerations regarding water separation may be needed.

C.2.4 Distillation

Specifications on other fuel properties in the case of categories 0, 1, and 2 make it unnecessary to specify
distillation requirements, apart from the maximum 90 % recovery temperature which is included to
control high-boiling material that could affect combustion performance. Fiscal requirements for fuels
may require further controls on distillation limits to be specified in some countries.

10 © IS0 2013 - All rights reserved
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No distillation requirements are considered necessary for categories 3 and 4, but turbines designed to
operate on these fuels may have to start up initially using a fuel of the more volatile categories.

C.2.5 Low-temperature operability

A number of test methods for assessing low-temperature operability of gas turbine fuels are available.
The method chosen will depend on the category of fuel and on local practice.

C.2.5.1 Category 0

No requirements need be specified as this category will flow freely under all conditions of storage and

use. ; = ; buitability.
C.2.5]2 Category1
Kerodine-type jet fuels should flow freely under all conditions of storage andise down t¢ -30 °C. The

freezing point test (see ISO 3013) indicates the minimum flow temperaturie: of fuels stdred at lower
temperatures.

C.2.5]3 Category 2

Thergq are several different methods for assessing low-temperatupe properties of gas-oil type fuels.

a) Cloud point (for determination, see ISO 3015), i.e. the temperature, expressed to the [nearest 1 °C,
af which a cloud or haze of wax crystals appears at the- bottom of the test jar when the oil is cooled
der specified conditions. It is the most restrictive method of low-temperature performance
apsessment. Most gas-oil type fuels are still capable of flow at temperatures somewhalt below their
cloud point, but at such temperatures, any fifie filter in the fuel line may become obptructed and

restrict or prevent flow.

b) ur point (for determination, see ISO-3016), i.e. the lowest temperature at which moyement of the
o|l is observed when the sample is-cooled under prescribed conditions and examined 3t intervals of
3|°C for flow characteristics. Pour-point can be reduced significantly by the use of cerjtain types of
aflditives (see 4.2).

) 1d filter plugging pointd, i.e. the highest temperature, expressed to the nearest 1 °C, at which
the fuel, when cooled under the prescribed conditions, either will not flow through a fige mesh filter
of a nominal apertufeywidth of 45 pum or will require more than 60 s for 20 ml of fuel tp pass such a
filter or aperture when subjected to a vacuum of 2,0 kPa.

C.2.54 Categories 3 and 4

Thes¢ fuels.usually require provision of heating facilities for storage and handling. For fuels|approaching

the mpximum viscosity allowed for category 4, a minimum storage temperature of 45 °C and a minimum

tank putflow temperature of 55 °C are required. Guidance on type of equipment requjred and the

minimum storage and outflow temperatures should be obtained.

C.2.6 Carbon residue

The test for carbon residue measures the amount of carbonaceous residue formed during the evaporation
and pyrolysis of a petroleum product when burnt with limited excess air. It is intended to provide some
indication of the relative coke-forming tendency. The residue is not entirely formed of carbon but is a
coke which can be changed further by pyrolysis. Petroleum products containing naturally occurring
ash-forming constituents or additives will have an erroneously high carbon residue when measured by
the test, depending on the amount of ash which can be formed.

1) Pending the publication of an International Standard, a suitable method has been prepared by the European
Committee for Standardization (CEN) as EN 116, Diesel and domestic heating fuels — Determination of cold filter

plugging point.
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For fuel categories 0, 1, and 2, the carbon residue is determined on the residuum after 90 % of the fuel
has been distilled. This improves the precision of the test.

Combustion systems designed for use on fuel categories 0, 1, 2, and 3 will be insensitive to carbon residue
within the specification limits set for these categories. No limit is specified for category 4, but carbon
residue should be determined and reported to permit evaluation of fuel behaviour in combustion systems.

C.2.7 Ash

The ash test specified in Table 1 should not be related to the corrosive ash-forming tendencies discussed
in C.4. This test (see ISO 6245) measures material remaining after combustion at 775 °C from ash-

forming cons

tituents naturally nroesentin the fuel or fram additives orinerganiccontaminants
J t=]

Fuel ash can
It may also c
in C.4 and C.

C.2.8 Wat

The limits for
and handling
in suspensio

C.2.9 Sulfur

Sulfur is pre
economic an
owing to envj

The sulfur cg
can be corro
are below th
above this de

huse high-temperature corrosion of metal surfaces. This aspect is dealt with ifjptore
p.9.

br and sediment

thisadventitious contamination are setatthe lowestlevel, consisténtwith normal tran
procedures and with the propensity of a particular category oftfutel to hold these mat
h. Sediment is defined for this purpose as material insolublefin toluene (see C.4.2.2).

sent to some degree in all petroleum fuels. Category selection will normally be ma
[ performance grounds, but fuel sulfur content'tay be a limiting factor in some loc
ironmental requirements, and lower maximuilimits may need to be specified.

mponents in the fuel are converted to sulfur oxides during the combustion process.
sive to heat exhaust equipment used in-tandem with a gas turbine where metal su
e sulfuric acid dewpoint. The minimui metal temperatures of such surfaces should b
wpoint to avoid low-temperatur€ corrosion.

While the s

combine with any traces of alkali metals in the fuel to form sulfates which can participate in
temperature|metal corrosion.

C.2.10 Copper corrosion

Corrosive sullfur, if present™in appreciable amounts, can result in corrosive attacks on metallig
handling components ofia-gas turbine installation.

C.2.11 Calcplatéd-specific energy

fur oxides are not by themselves harmful to the hot sections of the gas turbine, the

form deposits in the hot gas path through the turbine and affect satisfactory perfornjance.

detail

sport
erials

de on
hlities

These
rfaces
e kept

y will
high-

fuel-

C.2.11.1 Fuelquamtities

The calculated lower specific energy is given as a guide to the minimum value of energy output that can
be expected for each category of fuel. It is not a critical parameter for routine gas turbine operation but
rather serves to estimate fuel needs and aids the user and fuel supplier in negotiations.

The formula given in Annex A is a convenient method for calculation of specific energy compared to
other experimental techniques. The accuracy depends largely on the accuracy with which density and
the proportions by mass of water, ash, and sulfur are measured.

In general, these properties can be measured with greater precision than the specific energy by
experimental techniques. Because of coefficients in the formula which depend on the chemical
composition of the fuel itself, the formula may from time to time need revision as refining techniques
and crude sources change.
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C.2.11.2 Turbine performance

When gas turbine performance is being evaluated, precise values for the specific energy and density
are needed to establish exactly how much fuel energy is being consumed by the turbine as the output is
being measured.

In this case, the higher specific energy at constant volume may be determined by means of a bomb
calorimeter such as that described in ASTM D 240[8] and the lower specific energy at constant volume
determined by deducting the latent heat of the calculated amount of water vapour produced from the
measured hydrogen content of the fuel. The technique used to measure specific energy is usually agreed

upon prior to the performance test. It is recommended that samples of fuel at the beginning, during, and
at theend of the test are evaluated

C.3 |Category selection

C.3.1] General considerations

The sglection of a particular gas turbine fuel for use in a given gas turbine requires consideration of a
numbler of factors, including

a)

b) the design of the gas turbine and fuel-handling system,

(=

e availability of the fuel,

c) the maintenance of the gas turbine, and
d) the operating requirements of the gas turbine.

For ghidance, commercially available fuel streams‘are indicated below in the category into which they
fall in| this specification.

C.3.2) ISO-F-DST.0

This ¢ategory includes light naphthas from petroleum processing, condensate naphthas from natural
gas processing, wide-cut aviationfutel, and other low flash point and low viscosity hydrocgrbon liquids.
Fuels|in this category may have-high vapour pressures at ambient temperatures, which will affect the
desigh of fuel-handling systems.

C.3.3] ISO-F-DST.1/DMT.1
This ¢ategory is allight distillate fuel suitable for use in nearly all gas turbines. It includes|aviation and

domeptic kerosines and some light gas-oil components that do not meet the flash point requirements of
categpry ISQ-E-DST.2/DMT.2.

C.3.4{ dSO-F-DST.2/DMT.2

This category includes most automotive, domestic, industrial, and marine gas oils; heating of the fuel may be
required for satisfactory fuel handling, depending on the fuel system design and/or the ambient conditions.

C.3.5 ISO-F-DST.3/DMT.3 and ISO-F-RST.3/RMT.3

This category may be a heavy distillate fuel, a light residual fuel meeting the low ash and carbon
residue requirements, or a blend of distillate fuel with residual fuel. A typical example would be
blended marine diesel fuel.
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