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International Combustion Engines - Performance
Part 1 - Engines for land, rail-traction and marine use - Standard reference conditions
and declamations of power, fuel consumption and lubricating oil consumption
Nn.1 Scope

This report of ISO 3046 specifies the standard reference conditions and the
methods of declaring of power, fuel consumption and lubricating oil consumption for
reciprocating internal combustion engines using liquid or gaseous for particular engine
applications.
n.2 Field of application

This part of ISO 3046 covers reciprocating internal combustion engines for land,
rail-traction and marine use, excluding engines to propel agricultural tractors, road
vehicles and aircraft.
This part of ISO 3046 may be applied to engines used to proper road construction and
earth-moving machines, industrial trucks and for other applications where no suitable
International Standard for these engines exist.
n.3 References

ISO1000, SI units and recommendation for the use of their multiples and of
certain other units.

ISO 1204, Reciprocating internal combustion engines - Designation of the
direction of rotation.

ISO 1205, Reciprocating internal combustion engines - Designation of the
direction of cylinders.

ISO 1585, Road vehicles - Engine test code - Net power.

ISO 2534, Road vehicles - Engine test code - Gross power.

ISO 2710, Reciprocating internal combustion engines - General definitions.

ISO 3046/2, Reciprocating internal combustion engines - Performance - Part 2 :
Engine tests.

ISO 3046/4, Reciprocating internal combustion engines - Performance - Part 4 :

Speed governing.
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ISO 3046/6, Reciprocating internal combustion engines - Performance - Part 6 :

Overspeed protection
Nn.4 Units and terms
Nn.4.1 The units used are those of the International System of Units (SI Unit)
described in ISO 1000.
N.4.2 The general engine terms used are as defined in ISO 2710.
n.5 Standard reference conditions

For the purpose of determining the power and fuel consumption of engines, the
following standard reference conditions shall be used :
Total barometric pressure :
P, =100 kPa
Air temperature :
T, =300 K (27 °c)
Relative humidity :
b, = 60 %
Charge air coolant temperature :
T..= 300 K (27 °C)
If other reference conditions are chosen, these shall be stated.
NOTES
1. Relative humidity of 60% corresponds to a water vapor pressure of 2,133 kPa (16
mmHg) at a temperature of 300 K.
2. The air density at the standard reference conditions is equivalent to that at 98 kPa
(376 mmHg) and 20 °C and to that at 101 kPa (760 mrnHg) and 30 °C
3. For automotive type inboard and outboard marine propulsion engines, the standard
reference conditions in ISO 1585 and ISO 2534 may be applied but they shall be stated.
n.6. Auxiliaries
n.6.1 Introduction
In order to show alertly the conditions under which a power is determined, it is
necessary to distinguish those auxiliaries which affect the final shaft output of the engine

and also those which are necessary for the continuous or repeated use of the engine.
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Items of equipment fined to the engine and without which the engine could not in any
circumstance operate at its declared power are considered to be engine components
and are not therefore, classed as auxiliaries.
(Such as fuel injection pump, exhaust turbocharger and charge air cooler are in this
category of engine components.)

n.6.2 dependent auxiliary : Item of equipment, the presence or absence of
which affects the final shaft output of the engine.

n.6.3 independent auxiliary : Item of equipment which uses power supplied from
a source other than the engine.

n.6.4 essential auxiliary : Iltem of equipment which is essential for the continued
or repeated operation of the engine.

n.6.5 non-essential auxiliary : Item of equipment which is not essential for the
continued or repeated operation of the engine.
n.7 Declarations of power

n.7.1 Introduction

n.7.1.1 Purpose of statement of power

Statements of power are required for two main purposes :

a) the declaration by a manufacturer of the value of the power which his engine

will deliver under a given set of circumstances. This declared value is known as

the “rated power”.

b) the verification by measurement that the engine delivers the power which has

been declared in a), under the same set of circumstances or after proper

allowance has been made for any difference in circumstance.

To specify the set of circumstances under which the declared value of a power
would be achieved, the declaration shall state :

a) the kind of statement of power (see 7.4) and of necessary, the ambient and

operating condition (see 7.4.2).

b) the kind of power output (see 7.3).

c) the kind of power (see 7.3).

d) the corresponding engine speed.
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NOTE

1. The term used in a) to ¢) may be combined, for example, continuous net brake fuel
stop power.
2. Where appropriate to the engine application and the method of manufacture, the
power achieved may be subject to a tolerance on the declared power. The existence of
and its magnitude shall be stated by the manufacturer.
3. Measurement of the powers referred to in this International Standad shall be
determined in accordance with ISO 3046/2.
n.7.1.2 Unit of power
Power shall be expressed in kilowatts (kW) The addition of the equivalent metric
or imperial “horsepower” is permitted for a transitional period.
n.7.1.3 Power and torque
For engines delivering power by a shaft or shafts, any power in this International
Standard is a quantity proportional to the mean torque, calculated or shafts transmitting
this torque.
For engines delivering power other than by a shaft or shafts, reference shall be
made to the appropriate International Standard for the driven for the driven machine.
n.7.1.4 Engine speed
The speed of an engine is the mean rotational speed of its crankshaft or
crankshatts in revolution per minute, except in the case of “free piston” engines where
the speed is the number of cycles per minute of the reciprocating components.
n.7.1.5 Engine with integral gearing
When stating the power of an engine fined with an integral (built-in) speed
increasing or reducing device, the speed of the driving shaft extremist shall also be
given at the declared engine speed.
n.7.2 Kinds of power
n.7.2.1 Indicated power
The total power developed in the working cylinders by the gases on the
combustion side of the working pistons.
N.7.2.2 Brake power
The power of the sum of the powers measured at the extremity of the engine

driving shaft or shafts.
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1.7.2.2.1 Any statement of brake powers shall be supported by the
following list of auxiliaries :

a) essential dependent auxiliaries as defined in 6.2 and 6.4;

b) essential independent as define in 6.3 and 6.4;

c¢) non-essential dependent auxiliaries as defined in 6.2 and 6.5.

The power absorbed by the independent and the non-essential dependent auxiliaries
may be significant, in such cases, their power requirement shall be declared.
Note - Examples of typical auxiliaries are listed in annex A for guidance purposes. These
lists are not necessary complete.

n.7.2.3 Net brake power

The brake power measured when the engine is using only the auxiliaries listed in
7.2.2a).

n.7.3 Kinds of power output

n.7.3.1 continuous power

Power which an engine is capable of delivering continuous, between the normal
maintenance nitervals stated by the manufacturer, at stated speed and under stated
ambient conditions, the maintenance prescribed by the manufacturer being carried out.

n.7.3.1 Overload power

Power which an engine may be permitted to deliver, at stated ambient
conditions, immediately after working at the continuous power.

The duration and frequency of use of overload power which is permitted will
depend on the service application but adequate allowance shall be made in setting the
engine fuel stop permit the overload power shall be expressed as a percentage of the
continuous power, together with the duration and frequency permtted and the
appropriate engine speed.

Unless otherwise stated an overload power of 110% of the continuous power at
a speed corresponding to the engine application is permitted for a period of 12 hours of

operation.
NOTES
1. The power of marine main propulsion engines is normally limited to to continuous

power, so that the overload power cannot be given in service. However, for special

applications, marine mnain propulsion engines may develop overload power in service.
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2. If the engine application is not determined, the engine manufacturer shall specify the
overload power and the corresponding engine speed.
n.7,3.2 Fuel stop power
Power which an engine is capable of delivering during a stated period
corresponding to its application, and at stated speed and under stated ambient
conditions, with the fuel limit so that the fuel stop power cannot exceeded.
n.7.4 Kinds of statements of power
Nn.7.4.1 ISO powers
Nn.7.4.1.1 1ISO power
Power determined under the operating conditions of the manufacturer’s test bad
and adjusied to the standard reference conditions in clause 5.
n.7.4.1.2 I1SO standard power
The name given of the continuous net brake power which the engine
manufacturer declares that an engine is capable of delivering continuously, between the
normal maintenance intervals stated by the manufacturer, and under the following
conditions :
a) at a stated speed under the operating conditions of the engine manufacturer's
test bed,;
b) with the declared power adjusted to the standard reference conditions given
in clause 5;
c) the maintenance prescribed by the engine manufacturer being carried out.
n.7.4.2 Service power
Power determined under the ambient and operating conditions of an engine
application.
To establish service power, the following conditions shall be taken into account :
a) the ambient conditions, or any nominal ambient conditions according to the
special requirements of inspecting and/or legislative authorities and/or
classification societies, as specified by the customer (see clause 12);
b) the normal duty of the engine;
c) the expected interval between maintenance periods;

d) the nature and amount of the supervision required;
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e) all information relevant to the operation of the engine in service (see clauses
12 and 13).
n.8. Declarations of fuel consumption
n.8.1 Definitions
n.8.1.1 Fuel consumption
The quantity of fuel consumed by an engine per unit of time at a state power and
under stated conditions.
The quantity of liquid fuels shall be expressed in mass units (kg).
The quantity of gaseous fuels shall be expressed in energy units (J).
n.8.1.2 Specific fuel consumption
The fuel consumption per unit of power.
n.8.1.3 ISO specific fuel consumption
The name given in the specific fuel consumption at the ISO standard power.
If not otherwise specified by the manufacturer, a declared specific fuel consumption
shall be considered to be the ISO specific fuel consumption.
n.8.2 Reference calorific value of fuels
n.8.2.1 Liquid fuel engines
The declared specific fuel consumption of a liquid fuel engine shall be related to
a reference lower calorific value of 42,000 kJlkg (10,030 kcal/kg).
n.8.2.2 Gas engines
The declared specific fuel consumption of a gas engines shall be related to a
stated lower calorific value the gas. The type of gas shall be declared.
n.8.2.3 Specific fuel consumption declarations
The specific fuel consumption of an engine shall be declared at :
a) the ISO standard power,;
b) (if required by special agreement) at any other declared powers and at
specific engine speeds appropriate to the particular engine application.
Unless otherwise states, a deviation of +5% is permitted for the specific fuel consumption for the
declared power.
n.9. Declarations of lubricating oil consumption 1 Lubricating oil consumption

n.9.1 Lubricating oil consumption
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The quantity of lubricating oil consumed by an engine per unit of time. This
quantity is used for guidance. It shall be expressed in litres or kilograms per engine
operating hour at the declared power and engine speed.

n.9.2 The lubricating oil consumption after a stated period of running-in
shall be declared.

n.9.3 The oil discarded during an engine oil change shall be not
included in the lubricating oil consumption declaration.
n.10. Adjustment of net brake power for ambient conditions

n.10.1 When it is required to operate the engine under conditions difference
from the standard reference conditions given in clause 5, the net brake power output
shall be adjusted to or from the standard reference conditions by the following formulae

(see note 1) :

P.=OP, (n-1)
O =k=-0.7(1 -k)[_l- X 1] (see note 2) (n-2)
Ty
k= [px _ﬂéxp.rx }” {E{_]" [Ti]‘f (ﬂ_S)
P *a¢rpsr T, Tar

n.10.2 In the case of turbocharged engines in which the limits of turbocharger
speed and turbocharger turbine inlet temperature have not been reached at the
declared power under standard reference conditions, the manufacturer may declare
substitute reference conditions to or from which power adjustments is to be made.

The following formulae (4) and (5) will then be used instead of formua (3)
m n q
k=[P | [I] [T (n-4)
p: ) \T: ) T

P =P,x[ 4 } (n-5)

”ma.x
Where :
P, is the brake power;
p, is the standard reference total barometric pressure;
p, is the saturation vapour pressure under standard reference conditions;
d), is the standard reference relative humidity;
T, is the standard reference absolute air temperature;

T, is the standard reference absolute charge or coolant temperature;
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P
T

is the substitute reference total barometric pressure given by formula (5);

ra

is the substitute reference absolute air temperature to be stated by the

ra

manufacturer;

T is the boost pressure ratio at declared power under standard reference

r

conditions to be stated by the manufacturer;

T is the maximum available boost pressure ratio to be stated by the

max

manufacturer;
QL is the power adjustment factor;
k is the ratio of indicated power,
N., is the mechanical efficiency (see note 4);
P, is the brake power under the conditions being considered;
p, is the total barometric pressure condition being considered;
p, is the saturation vapour pressure under pressure the conditions being
conside,ed,;
(1)x is the relative humidity condition being considered;
T, is the absolute air temperature being considered;
T, is the absolute charge air coolant temperature at charge air cooler inlet being
considered.
The factor a and exponent m, n, and g have the numerical value given in table 1 (see
note 5).
NOTES
1. For the convenience of users of these formulae, reference may be made to tables and
nomograms in annexes B to 0, which also include numerical examples.
2. When the ambient conditions are more favouravie than the standard reference
conditions, the declared power under the ambient conditions may be limit by the
manufacturer to the declared power at the standard reference conditions.
3. If the relative humidity us not known, a value of 60% should be assumed in formulae
references A, E and G in table 1.
For all other formulae references the power adjustment is independent of humidity (a

=0).
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4. The value of mechanical efficiency shall be stated by the engine manufacturer. In the

absence of any such statement, the value of 1|, = 0.80 will be assumed.
5. When declaring the I1SO standard power the engine manufacturer shall state which of
the fomulae references in table 1 is applicable.

Table n-1 - Numerical values for power adjustment

Engine type Condition Formula |Factor Exponents
reference a m n q
Power limited by A 1 1 0.75 (0]
Non - air excess
Compression turbocharged Power limited by B 0 1 1 0
ignition oil thermal reason
engine and Turbocarged
dual-fuel without charge Low and C 0 0.7 2 0
engines air cooling medium speed
Turbocarged four-stroke
with charge engine D 0 0.7 1.2 1
air cooling
Spark ignition Non - E 1 0.86 | 0.56 0
engines turbocharged
using Turbocharged Low and medium
gaseous fuel with charge speed four-speed F 0 0.57 | 0.55 | 1.75
air cooling engine
Spark ignition
engines Naturally G 1 1 0.5 0
using aspirated
liquid fuel

NOTE - The factors and exponents given in table 1 have been established by tests on a
number of engines to be generally representative and shall be used in the absence of
nay other specific information; for example in formula reference D, for an engine with the

charge air cooled by engine jacket water, the value for exponent q could be zero. At
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present, they apply only to the type of engines specified but table 1 will be extended to
include other types when sufficient are available.
n.11 Aajustment of fuel consumption for ambient conditions

n.11.1 When it is required to operate the engine under conditions different from
the standard reference conditions given in clause 5, the fuel consumption will differ from
that declared for the standard reference conditions and shall be adjusted to or from the
standard reference conditions.

The following formulae shall be used if other methods are not declared by the engine

manufacturers :

b, = Bb, (n-6)
where B = k/OL (n-7)
where :

b is the specific fuel consumption
B is the fuel consumption adjustment factor
Ol is the power adjustment factor (see 10.1)
k is the ratio of indicated power (see 10.1)
Subscript r corresponds to values under the standard reference conditions.
Subscript x corresponds to values the conditions being considered.
NOTE - For the convenience of users of these formulae, reference may be made to the
tables and nomograms in annexes B to 0, which also include numerical examples.

n.12 Information to be supplied by the customer

The customer shall supply the following information concerning the required power :
a) The application and the power required from the engine and details arising
therefrom.
b) The expected frequency and duration of the required powered and the
corresponding engine speeds.
c) Site conditions
1) Site barometric pressure (highest and lowest reading available; if no
pressure data are available the altitude above see level).
2) The monthly mean minimum and maximum air temperatures during

the hottest and coldest months of the year.
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3) The highest and lowest ambient air temperatures around the engine.
4) The relative humidity (or alternatively the water vapour pressure or the
wet and dry bulb temperature) ruling at the maximum temperature
conditions.
5) The maximum and minimum temperature of the cooling water
available.
d) The specification and lower calorific value of the fuel available.
e) Whether the engine is to comply with the requirements of any classification
society or with special requirements.
f) The probable period for which the engine will be running continuously, and the
duration of maximum and minimum load.
g) Any other information appropriate to the particular engine application.
n.13 Information to supplied by the engine manufacturer
The engine manufacturer shall supply the following information :
a) The declared powers,
b) The corresponding crankshaft and output shaft speeds.
NOTE - For certain applications of variable engines it is common practice to supply a
power/speed diagram covering the ranges of power over which the engine can be used
in continuous and in short period operation.
c) The direction of rotation (see 1SO 1204).
d) The number and arrangement of cylinders (see 1SO 1205).
e) Whether the engine is two-stroke or four-stroke, naturally aspired,
mechanically pressure charge or turbocaharged and whether with or without
charge air cooler.
f) The quantity of air required for the operation of the engine for :
1) combustion and scavenging;
2) cooling and ventilation.
g) The method of starting, apparatus supplied and additional apparatus
required.

h) The type and grade of lubricating oil(s) recommended.
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j) The type of governing, with speed droop of required (see ISO 3046/4 and ISO
3046/6).

If for variable speed duties, the working speed range and the idling speed.

If necessary, the critical speed range shall be indicated.
k) The method of cooling and the capacity of the cooing system with the rates of
circulation of the cooling fluids.
m) (From air cooled engines only.) Whether hot air discharge ducting can be
fitted.
n) A schedule recommended maintenance and overhaul periods.
p) Specifications and lower calorific values of fuels recommended.
q) Maximum permissible back-pressure in the exhaust system and the maximum
permissible intake depression.

r) Any other information appropriate to the particular engine application.
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N15IADMTINTG LNATRIBINIAALEAE Air box method [48]

N33A8 TIN5 IMaT999NARIEAT Air box method LHun1sinlaeldueiuaaineg
Usznaufudawnainie 4qmwnmmm:-ﬂfmamn'\eni‘:mau‘nmmmqunammuqam:
-] J T o L :J 1l = =l o -J 0' ar
msinueeeTeusd M lennianluatinueeiNaidnsnsluanataneansndn

ar ' Y z

pNAuAnAdaNlAgnsiasNInTy
] Ly 1 - Jv 1 o
unaduriugudnarseesusivesiflaszinny - Ndmsnsivasineg  uanadd

A3 -1
AN 2-1 u.amwmmé’u:huquﬁna'Nmﬂmﬂ?ﬁmﬁﬂszmmﬁﬁ’mmnqs"I.uwi'm
Orifice diameter (mm.) | Air Flow rate (m’/s) | Mass Flow rate (kg/s)

10 0.002 0.002

20 0.008 0.009

50 0.048 0.057

100 0.19 0.23

150 0.43 0.51
L |
g e

\.
N -;‘-—-;-—- Airbox

4 o e ]
77 2-1 wamemwnsiadnanisivareserniAlaeds Air box method [16]

To .
engine

AwdsuananisnaresaIniAluuEY Orifice plate
ANINUAAINN Orifice flow meter
Bnmssesfeiidniigafiasinlibifianisnszilensasenisiilva  Wigrdiasnsd
el Kastner [16] flagunis (2-1)
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e BunmsdiainainiAndniign (m’)

=4 ] a o 1 e o o - o o

Aa AALT HAvINTL 1 dmFuieTestud 2 Sames uay
=l g e o A L ar
Ay 2 AvFuiaTeseus 4 Samaz

Aa W@ukinuAuting19199 orifice plate (m)

. d e
A9 ATUIUNITLBNGLIBIUATEIEIUS
A Buasdasdngngu (m’)

4 eds .
Aa ANIFITELLATRILUANRENAA (rev/min)

- P i o o ' -
annflianiAf nating orfice plate Wuraslnadasaluld (Incompressible flow)

- i A =l ]
waziansanlfaumnuiueeeInIAAIl  anannisiuayd azladn

Toed p

A

Yair

pﬂlr
4

g

2 2
v P v
Produip =P ey

Yair 29 Yair 29

2

A8 ANAY (kPa)

A ANAFRINA (M/s)

Aa TmindamEe9e A (ka/m-s) = P,.g

AiD AITNMLILLLLIRINTA (kg/m) WL 1.165 kg/m® 71 30°C
Aa TTAUANGY (M)

[ [ J i i o
fa ArAusaiiasannuseltiudesrastan (m/s?) winiu 9.807 m/s’

wunewe favee 1 uaz 2 ABAUMINANN9E 1 was 2 Tugd 2-1 291 ANAIAL

J “ :’f I LA ar o
Wasananae 1 ueinAila Lmzmﬂmamazaqmﬁmummqu'ﬁmnu PRUU

L 3
L

-
azldAnuiFiaesaInd mNaNng (2-5)

' . a i °c 8w a v ] =
nnsluarinu orifice azAfin Vena contracta Feavinlinnsinaafedeandmauiiaue

o :' J - L9 [ o4
muumﬂﬂmmﬂummumm azlddmsnisinalaauiareseinid Ae

el Cyy

A,

ma = CooPair VAo (1-4)
fia Discharge coefficient 984 orifice plate

ABTUNAT94 orifice (m°)
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NsTARAFNNANAUANATEN orifice plate azdnlaalduuaiiinef 39az1#An head
Tumiae mm.H,0 FaarmnsatianAuansnaasiapufuAnAsey orfice plate 1#aan
auN"g

Ap= P00 An (2-5)
faefl Ah Ao uasne Head enuldanuueiimes (mmH,0)

Pio A9 ATNMUILNLTRIRINTA (kg/m®) Winiu 997 kg/m”

d o e
NNANNIg (9-5) uay (2-7) Hunuadluannig (1-6) azldaunasiinlildeu Ae

Ma = CDOAO szairszog An (2-6)

ANUANANNIT (1-2) UaY (2-8) %mmmmﬁhﬂﬁwnauLﬂamﬁqﬁﬂmmﬁ (G

Equivalent ratio léanaunnsassialuil

v/t
FIA = P (2-7)

CooAo ‘\/2pairpHZOg An

(F/A)
Equivalent ratio = ——
(F/ A)S
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The ESC test cycle (also known as OICA/ACEA cycle) has been introduced,
together with the ETC (European Transient Cycle) and the ELR (European Load
Response) tests, for emission certification of heavy-duty diesel engines in Europe
starting in the year 2000 (Directive 1999/96/EC of December 13, 1999). The ESC is a 13-
mode, steady-state procedure that replaces the R-49 test. The engine is tested on an
engine dynamometer over a sequence of steady-state modes (Table 1, Figure 1). The
engine must be operated for the prescribed time in each mode, completing engine
speed and load changes in the first 20 seconds. The specified speed shall be held to
within +50 rpom and the specified torque shall be held to within +2% of the maximum
torque at the test speed. Emissions are measured during each mode and averaged over
the cycle
using a set of weighting factors. Particulate matter emissions are sampled on one filter
over the 13 modes. The final emission results are expressed in g/lkWh.

During emission certification testing, the certification personnel may request
additional random testing modes within the cycle control area (Figure 1). Maximum
emission at these extra modes are determined by interpolation between results from the

neighboring regular test modes.

Mode | Engine Speed | % Load i Weight factor, % | Duration

{1 Lowidle o |15 ; | 4 minutes |
k2 . la 100 |8 | 2 minutes |
ER 50 |10 2 minutes |
;4 ; B | 75 10 2 minutes
|s iy 50 |s | 2 minutes |
' 6 A 75 2 minutes
(7 A 25 5 2 minutes
8 B 100 9 |2 minutes |
l9 |8 |25 |10 2 minutes |
& L ‘100 |8 ' 2 minutes |
it lc 25 5 2 minutes
112 e 75 |s | 2 minutes |
13 |c S0 Is  |2minutes
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100
(4]
Addiionsl modes
Jetemnined by
- *eriification
- asrsonnel
E 50
25
i 1
50
ldle Enginespesd, %

Figure 1. European Stationary Cycle (ESC)

The engine speeds are defined as follows:

1. The high speed nhi is determined by calculating 70% of the declared maximum net
power. The highest engine speed where this power value occurs (i.e. above the rated
speed) on the power curve is defined as nhi.

2. The low speed nlo is determined by calculating 50% of the declared maximum net
power. The lowest engine speed where this power value occurs (i.e. below the rated
speed) on the power curve is defined as nlo.

3. The engine speeds A, B, and C to be used during the test are then calculated from
the following formulas:

A = nlo + 0.25(nhi - nlo)

B = nlo + 0.50(nhi - nlo)

C =nlo + 0.75(nhi - nlo)

The ESC test is characterized by high average load factors and very high exhaust gas
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temperatures. as Euro | ... V. Sometimes Arabic numerals are also used (Euro 1 ... 5).
We will use Roman numerals when referencing standards for heavy-duty engines, and
reserve Arabic numerals for light-duty vehicle standards. The heavy-duty engine
regulations were originally introduced by the Directive 88/77/EEC, followed by a number
of amendments. In 2005, the regulations were re-cast and consolidated by the Directive
05/55/EC. The emission standards apply to all motor vehicles with a “technically
ermissible maximum laden mass” over 3,500 kg, equipped with compression ignition

engines or positive ignition natural gas or LPG engines.
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