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AMTFIU AS 2789.1-1985 MAaTastunsnagay

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

1. Scope

This report of ISO 3046 specifies ;the standard reference conditions and the

methods of declaring of powe ‘ 'n, and lubricating oil consumption for

reciprocating internal combustion eng i@ or gaseous for particular engine

N

\ l\combustion engines for land,

Opel agricultural tractors, road

This part of ISO 3046 may befapplié 7 t5-oh used to proper road construction and
earth-moving machines, industriz )L, other applications where no suitable

International Standarr

3. References
1ISO1000, SI units gapd recommendation for the use of their multiples and of

cwanarernff] YEINHNTNENT

ISO 1204 Reciprocating internal combusﬂgn engines - Designation of the

e QRARINTUUNINYIRY
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.
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ISO 3046/4, Reciprocating internal combustion engines - Performance - Part 4 :
Speed governing.
ISO 3046/6, Reciprocating internal combustion engines - Performance - Part 6 :

Overspeed protection

4. Units and terms

4.1 The units used are those of the International System of Units (S| Unit) described in

ISO 1000.

4.2 The general engine terrn & 10l SO 2710.

5. Standard reference

For the purpose of G J the 'x,\: consumption of engines, the

= 300 K (27 °C)

AU INYNTNYINS

If other referencefgonditions are chosen these shall be stated.

ammﬂimum'mmaa

il Relatlve humidity of 60% corresponds to a water vapor pressure of 2.133 kPa (16

NOTES

mmHg) at a temperature of 300 K.

2. The air density at the standard reference conditions is equivalent to that at 98 kPa
(736 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 1SO 2534 may be applied but they shall be stated.
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6. Auxiliaries
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.
Items of equipment fined to the engine and without which the engine could not in any

circumstance operate at its declared verjare considered to be engine components

(Such as fuel injection p Imp. exhat ( ind charge air cooler are in this

"

n"l\
IChUSE

he. or absence of which affects
vh

6.2 dependent auxiliary™ It

the final shaft output of

7%

\

6-4 essentia' auxili ----------- :::,-f?—"_-'fpi_'

5
6.3 independent auxiliary : ;n power supplied from a source

other than the engine. i ETETR

5

Atial for the continued or

repeated operation of ﬁ?—

W

4 v/
6.5 non-essenti 1!{;! ﬁrﬂﬁlwrﬂrﬂl ﬂdﬁ'al for the continued or
t ngine.

repeated opera
o A W
748 Decla%cﬂo'flﬁrﬁﬂ ‘jm u“r]’g ﬂ E‘lrl a El
7.1 Introduction
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”.
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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).

NOTE
1. The term used in a 2, continuous net brake fuel
stop power.
_ hé method of manufacture, the
power achieved may be subjeg t% P on \\' clared power. The existence of
el \
3. Measurement of the powers ] W} is International Standad shall be
determined in accordafgé with ISO 3046/

fl

7.1.2 Unit of power

or 'mpe::lvti;rﬁ uﬁﬁmﬁﬂﬁ‘ﬁ 1?1"? the equivalent metric
o AN TN NN

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.
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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.

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

7.2 Kinds of power
7.2.1 Indicated power

The total pow ylinders by the gases on the

The power of the su ; ’ ieasuted at the extremity of the engine
driving shaft or shafts. -
7.2.2.1 Any statement, 0 e powers s o Py by the following list of
auxiliaries : ;'— .};l

a) essential depgdent auxiliaries'as'defined in f;, nd 6.4,
b) essential independent as define in §.3 and 6.4;

o ron- et Boegt ] e b B £ o o

The power absorﬂed by the indepenglent and theﬂon-essential dependent auxiliaries
mevos QA oSS Tt AN B R
Note - Exa‘lnples of typical auxiliaries are listed in annex A for guidance purposes. These

lists are not necessary complete.

7.2.3 Net brake power
The brake power measured when the engine is using only the auxiliaries listed in

Ts2e2 ).
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7.3 Kinds of power output
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.

7.3.1 Overload power

Power which an engine may permitted to deliver, at stated ambient

power which is permitted will
depend on the service & e shall be made in setting the
engine fuel stop permi pdower -» ‘Ox o sed as a percentage of the
continuous power, ta Vi - _; frequency permtted and the
appropriate engine spegél. 5 '\\ \

Unless otherwise 2d an ovel - -. % of the continuous power at
a speed corresponding to ifie ghgine applicatic ' litted for a period of 12 hours of

operation.

NOTES

1. The power of ma e, limited to to continuous

Il

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

applications, ma eﬂvﬂ?ﬂwﬂ ﬂgﬁ:fl ad power in service.
2. If the engine% istho ned turer shall specify the
overload O\?ﬁ?ﬁdé‘eéoﬁs% lnj ﬁﬁsﬁﬁ ﬂ El ’_] a EI

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.
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7.4 Kinds of statements of power
7.4.1 I1ISO powers
7.4.1.1 ISO power

Power determined under the operating conditions of the manufacturer's test bad

and adjusied to the standard reference conditions in clause 5.

7.4.1.2 1ISO standard power

The name given of the contipyous net brake power which the engine

conditions : 7
a) at a stated s

test bed;
b) with the decl ard reference conditions given
in clause 5;
c) the maintenance pre ufacturer being carried out.
7.4.2 Service power

Power determiged K ~ conditions of an engine

application. Yy : ,}'.'"
To establish service pogr. the following conditions shaII taken into account :
) the ambient cofiditions, or any nofninal ambient conditions according to the

special ﬂéueﬁl ? qn %J;ﬂﬁ mc&"ln ie authorities and/or

classifi catlon societies, as spetified by the gustomer (see clause 12):
ARAIINIUNNINYA Y

c) the expected interval between maintenance periods;

d) the nature and amount of the supervision required;

e) all information relevant to the operation of the engine in service (see clauses

12 and 13).
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8. Declarations of fuel consumption
8.1 Definitions
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).

The name given. " X nptien atithe 1SO standard power.

'ed specific fuel consumption

%]
=R
o
o
[©]
O
o
|
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a 7
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:h‘i [ :Il. 4

8.2 Reference calorific value
8.2.1 Liquid fuel engines
The declared s Recific 2l engine shall be related to

a reference lower calc rffic vaiu 1;'1:"3 J

8.2.2 Gas engines

The de(ﬁﬁpgq ‘wcﬂs%ﬁ W%al]eﬁ % shall be related to a

stated lower calomc value the gas Th@ type of gas g\all be declare
8.2.3 Spedific 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.
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9. Declarations of lubricating oil consumption 1 Lubricating oil consumption
9.1 Lubricating oil consumption

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.
9.2 The lubricating oil consumption after a stated period of running-in sha!l be declared.
9.3 The oil discarded during an engine oil change shall be not included in the

lubricating oil consumption declaration.

10. Adjustment of net brake
10.1 When it is requiregst onditions difference from the
standard reference coné brake power output shall be
adjusted to or from tk ythe following formulae (see

note 1) :
(1)
0 ;;f,{-ﬂ 2 K (see note 2) (2)

@)

)
10.2 In the case of turb Eharged engines in WhICh the limits of turbocharger speed and

turbocharger tu@ ﬂegpm El ﬂ?ﬂeﬂ rﬂrijat the declared power
under standard fact may declare substitute reference
conditio i

The folloav}ﬁwlﬂa ﬁhﬁﬁmﬁﬁ ?t ﬂ(ﬂf:]h@ (;‘I

b, '=Prx( i, J (5)
T



Where :
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P, is the brake power;

p, is the standard reference total barometric pressure;

p,, is the saturation vapour pressure under standard reference conditions:
(I)r is the standard reference relative humidity;

T, is the standard reference absolute air temperature;

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

P is the substitute refere se'tote )metric pressure given by formula (5);
T, is the substltute \\
T, is the boost 2t at declared power under standard reference

r

manufacturer;

conditions to be s
T is the ma : ilabie pressure ratio to be stated by the

max Ny
manufacturer; 4 \

QL is the power adj

k is the ratio of indicat@d power;

M. is the mechanical effi f‘:--‘-{ € 4);

P_is the brakeypo

X

CQ idered;

p, is the total bajomet Cogsidered;

p,, is the satﬁtion vVapou

conside,ed;

bW INBNINYAD T

T, is the ?!)solute air temperatgire being considered,;

YAIRAAD UNHAIIAN

co sudered

o ] aae .
under qf*‘ ssure the conditions being

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.
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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).

AULINENINEINg
ARIANTAUNNIING 1A Y



Table 1 - Numerical values for power adjustment
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Engine type Condition Fomula |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 C 0 0.7 2 0
engines air cooling m
Turbocar our-strok -
with char 0 0.7 12 1
air cooli
Spark ignition NGh - .gﬂi 1 [o8|os6]| 0
engines turbociarg D (T
using Turbocharge 0“./ ; dmedium
gaseous fuel with char $é§(§n 0 0:57 | 10.55 | 1.75
air cooling ,fﬁ:—“i‘
Spark ignition m 7
engines ) 1 1 0.5 0
using a
liquid fuel

vore o) M A BB HR ot s

number of engune‘g to be generally regresentatlve and shall be useQ)n the absence of

AR G RHAAGHE D § o

charge airicooled by engine jacket water, the value for exponent g could be zero. At

present, they apply only to the type of engines specified but table 1 will be extended to

include other types when sufficient are available.

11. Aajustment of fuel consumption for ambient conditions

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
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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, (6)
where B =k/ ' (7)
where :

b is the specific fuel canst

& is the power adijj
k is the ratio of ing

Subscript r corresponds tg ence conditions.

%
Subscript x corresponds tog/a e ¥ ole] S Beingc n3|dered
NOTE - For the conveniéncefof lisers afi the 8 reference may be made to the

tables and nomograms in anngkes Bito-0, - w also Include numerical examples.

12. Information to be supplie

The customer shall ;’-'— elile) .'*:'if the required power :

a) The applicat and om w engine and details arising
therefrom.

ﬂo%ﬁl A m‘afw BAR: o v

corresporﬂlng engine speeds
) 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.

3) The highest and lowest ambient air temperatures around the engine.
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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 requirem

f) The probable period. for [of A II be running continuously, and the

g) Any other info oriate 10 the'particular engine application.

.

13. Information to supplied ; : » \
The engine manéfac all SUpF g ving'information :
a) The declared powefs.

b) The correspondifg e

speeds.

NOTE - For certain applicati is common practice to supply a

power/speed diagram covering. r".i"« ges'e over which the engine can be used

In COntanOUS and n SIRG IS el S - ——— :II
\Y Y )

) The direction gl
d) The number and arrangement of cyhnders seego 1205).

0 1)1 i
oV R RIIR) PR IREES

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 1SO 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.

h "';_.|
n) A schedule recommende air EAange and overhaul periods.

p) SpeC|f|Cat|0ns a A.-';:?-uvu;.-; |o ' (..-r-x;‘id S recommended
q) Maximum peri / | 2 exhaust system and the maximum
permissible intake dg

r) Any other informagié priate to t lar engine application.

\Z
;

AULINENINYINS
ARIANTAUNNIING A Y
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Annex A
Examples of auxiliaries which may be fitted

NOTE - These lists are govern for guidance purposes only and are not necessary

complete.

LIST A - Essential dependent auxiliaries (see 6.2 and 6.4)
1) Engine-driven lubricating oil pressure pump.

2) Engine-driven lubricating oj Scayepge pump for dry-sump engines.

4) Engine-driven raw \
5) Engine-drive
6) Engine-driv
7) Engine-driv
8) Engine-drive

9) Engine-driven a~ Or servo-injection system.

10) Engine-driven Of hydraulic pump when supplying

power to items in listsiB. F i ;__
11) Engine-driven cylindg rs,;!‘g |
12) Air cleang

13) Exhaust v

; : T
LIST B - Essential inde EI ndent auxiliaries (see 6.3 and 6.4

B TNNEDS. ...
AR N ena s

Separately driven radiator cooing fan
6) Separately driven engine cooling fan for air-cooled engines.
7) Separately driven gaseous fuel compressor.
8) Separately driven fuel feed pump.
9) Separately driven scavenge air blower and/or charge air blower.

10) Separately driven scavenge air blower and or charge air blower.
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11) Separately driven crankcase extractor fan.
12) Separately driven cylinder lubricating pump.
13) Governing or control system using power from fan an external source.
LIST C - Non-essential dependent auxiliaries (see 6.2 and 6.5)
1) engine-driven starting air compressor.
2) Engine-driven generator, air compressor or hydraulic pump when supplying
power to items not in list B.

3) Engine-driven bilge pump

4) Engine-driven fire puy
5) Englne'driven AV/= ll;n'r,ali-li:—-v g
6) Engine-driven '

7) Engine-driven thr

AULINENINYINS
ARIANTAUNM TN



Annex B

Determination of the power adjustment factor (Ql)
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The table below gives values of the power adjustment factor (L) for known values of the

ratio of indicated power (k) and mechanical efficiency M.)-

The value of k can be determined from annex D.

The value of M, is stated by the manufacturer (see clause 10, note 4).

.74

818
844

0‘7

AT 3!

0.

\‘m ‘iﬂﬁm'ﬂ N2

. 099
- 223
<148
e B c
« 197
» 222
. 247

e B T

974

. 104
. 130
. 156
.182
.208
. 234
. 260

07
05

0.

e e o T o T = S Gy W

852
877

7S

0.

0.

e = T = S S Ry )

0.9 0.95

0.461 0.482

0.483 0.502

0.504 0.523

0.526 0.544

0.547 0.565

0.569 0.585

0.590 0.606

0.612 0.627

0.634 0.647

0.655 0.668

0.677 0.689

0.698 0.709

0.720 0.730

0.741 0.751

0.763 0. 772

0.784 0.793

0.806 0.813

0.827 0.834

0.849 0. 855

859 0.870 0.876
0.888 0.892 0.896

0..913 0.917
ﬂﬂqsﬂio.SBS 0.938
955 9585 0.957 0.959
978 0.978 0, 8 0979
1.000

a EJ 171021

. 045 1.045 1.042

.071 1.067 1.067 1.062
. 094 1.090 1.090 1.083
. 118 . 112 1:112 1.104
. 141 1.135 1235 1.124
. 165 1 .:157 1.+ 157 1.145
. 188 1.180 1.180 1.166
-212 1.202 1.202 1.187
. 235 1225 1.225 1.207




Annex C

Determination the fuel consumption adjustment factor (B)
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The table below gives values of the fuel consumption adjustment factor (f3) for known

values of the ratio of indicated power (k) and mechanical efficiency M.

The value of k can be determined from annex D.

The value of M, is stated by the manufacturer (see clause 10, note 4).

.ﬂooooooooooooooooooooooooo

F H R R B R BB

"
-
Bl

£ 38ledl A

IS

-

(= Sl = N = (= = = T~ TN >

051
043

989

. 983
. 978
+ 974
. 969
. 965
. 960
. 956
. 952

1
1.

TN

1.

0.

Q O 0 O 0 O 0 ©

033
027

Q05

991

. 987
. 983
. 979
« 976
. 972
. 969
. 966
. 963

1.024

#020
Y

1

(= (= (> S - T < H Y = P~ T - ]

.00

0%
1

993

. 990
987
. 984
. 982
+ 1979
. 976
. 974
+ 972

0.9 0.95

1.084 1.038

1.077 1.035

1.071 1.032

1.065 1.030

1.060 1.027

1058 i.098

1.050 1.023

1.046 15021

1.042 1.019

1.038 1.018

1.035 1.016

1.031 1.015

1.028 1.013

1.025 1.012

. 035 1.022 1.011
£ 1.020 1.009
07k 1.017 1.008
Ei' 1.015 1.007
021 1.013 1.006
=017 1.011 1.005
1.014 1.009 1.004
) 1.007 1.003
qﬂ‘j 1.005 1.002
1.005 1.003 1.002
1.003 @002 1.001
] . 1.000
wg’If] ag‘t 0.999
0.995 0.997 0.999
0.993 0.996 0.998
0.991 0.99 0.997
0.989 0.993 0.997
0.987 0.992 0.996
0.985 0.991 0.996
0.983 0.989 0.995
0.982 0.988 0.994
0.980 0.987 0.994
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Annex D

Determination of the ratio of indicated power (k)

Formula (3) or (4) can be written as : k= (R1)"1(R2,)”2(R3)y3 (3)

Where

and y,=m

AULINENINYINg
AR TN TN
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RY
R ¥

0.50 0i.'55 0.57 0.70 0.75 0.86 1.20 1.75 2.00
0.60 0.775 0.755 0.747 0.699 0.682 0.645 0.542 0.409 0.360
0.62 0.787 0.769 0.762 0.716 0.699 0.663 0.564 0.433 0.384
0.64 0.800 0.782 0.775 0.732 0.716 0.681 0.585 0.458 0.410
0.66 0.812 0.796 0,789 0.748 0.732 0.700 0.607 0.483 0.436
0.68 0.825 0.809 0.803 0.763 0.749 0.718 0.630 0.509 0.462
0.70 0.837 0.822 0.816 0:779 0.765 0.736 0.652 0.536 0.490
0.72 0,849 0.835 0.829 0.795 0.782 0.754 0.674 0.593 0.518
0.74 0.860 0.847 0.842 0.810 0.798 0.772 0.697 0.590 0.548
0.76 0.872 0.860 0.855 0.825 0.814 0.790 0.719 0.619 0.578
0.78 0.883 0.872 0.868 0.840 0.830 0.808 0.742 0.647 0.608
0.80 0.894 0.885 0.881 0.855 0.846 0.825 0.765 0.677 0.640
0.82 0.906 0.897 0.893 0 0.862 0.843 0.788 0.707 0.672
0.84 0.917 0.909 0.905 g 0.861 0.811 0.737 0.706
0.86 0.927 0.920 0. 0.834 0.768 0.740
0.88 0.938 0.932 0 0.858 0.800 0.774
0.90 0.949 0.944 0. 0.881 0.832 0.810
0.92 0.959 0.955 0.905 0.864 0.846
0.94 0.970 0.967 0.928 0::597 0.884
0.96 0.980 (O 0.952 0.931 0.922
0.98 0.990 0. 0.976 0.965 0.960
1.00 1.000 1, 1.000 1.000 1.000
1.02 1.010 1. 1.024 1.035 1.040
1.04 1.020 14 1.048 1.071 1.082
1.06 1.030 1. 1.072 1107 1.124
1.08 1.038 1. 1.097 1.144 1.166
1.10 1.049 1. 1121 1.182 1.210
1.12 1.058 1 1.146 1.219 1.254
1.14 1.068 3 I 1.170 1.258 1.300
1.16 1.077 1. 1:195 1:297 1.346
1.18 1.086 12 1.220 1.336 1.392
1.20 1.095 1. 1.245 1.376 1.440

AULINENINYINS
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Annex E

Determination dry air pressure ratio

The dry air pressure ratio (px__am&]used in formula (3) given in the table below for
P, _a¢rpsr

the value of OL = 1 of formula references A, E and G and for different values of total

barometric pressure (¢x) and water vapor pressure ((bxpsx).

If the water vapour pressure is not kn

it can be obtained from the air temperature

and relative humidity by the us

by

AULINENINYINS
ARIANTAUNM TN
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Total Py~ a¢‘ps,‘

Altitude | barometric p,-a¢,ps,

m pressure ¢.Ds, (kPa)
PakPa | O 1 2 3 4 5 6 7 8 9 10 11 12 13
0 101.3 [ 104 102 101 100 099 098 097 096 095 094 093 092 091 0.90
100 1000 [1.02 1.01 100 099 098 097 096 095 094 093 092 091 090 0.89
200 98.9 | 101 100 099 098 097 096 095 094 093 092 091 090 089 0.88
400 967 | 099 098 097 096 095 094 093 092 091 090 089 088 087 086
600 94.4 0.87 086 085 0.84 0.83
800 92.1 0.85 0.84 083 082 0.81
1000 89.9 0.83 082 081 080 0.79
1200 87.7 0.80 079 078 0.77 0.76
1400 85.6 0.78 077 076 0.75 0,74
1600 83.5 0.76 075 0.74 073 0.72
1800 815 0.74 073 0.72 0.71 0.70
2000 795 0.72 071 070 069 0.68
2200 77.6 0.70 069 068 067 0.66
2400 75.6 0.68 067 066 065 0.64
2600 73.7 0.66 065 064 063 0.62
2800 719 0.64 063 062 061 0.60
3000 70.1 0.62 061 060 059 0.58
3200 68.4 0.61 060 059 058 057
3400 66.7 0.59 058 057 056 0.55
3600 64.9 0.57 056 055 054 053
3800 63.2 ﬁ 87 0.57 0.55 054 053 052 0.51
4000 615 | 0.63 2 061 060 059 058 0.57 056 0.56 0.54 053 052 051 050
4200 60.1 ﬁ % 0.51 0.50 049 0.48
4400 58.5 ﬂugj ﬁﬂﬂ] ﬂ%j?] ﬁﬁ 050 0.49 048 047
4600 56.9 58 0.57 056 055 g0.54 053 0.52, 0.51 052 049g 948 047 046 0.45
4800 | # ﬂtjsﬁﬁﬁt (w ;Inqﬂ% Ei)’]ﬁﬁ 045 044 043
5000 i‘ 049" 048 049 046 045 044 043 042
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Determination of water vapour pressure

135

The water vapour pressure (d)xpsx) is given in the table below in units of kPa for different

values of the air temperature in degrees Celsius and relative humidity (i)x.

¢xpsx (kPa)

ﬂ

0.4 0.2
0.1 0.1
0.2 0.1
0.2 0.1
0.4 0.2
0.5 0.2
0.7 0.5
0.9 0.5
1.3 0.6
1.4 0.7
1T 0.9
1.9 1
21 1.1
26 1.2
27 1.3
3 1.5
1.6
1.8

F'HJEJ | mmwmn%
wiﬂﬂﬁaﬁ

8.1
8.9
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ANANNUS A
1. tAndulua (mole fraction, x)
Wludnsdauseninsdnuauinaresarstsznauusazdau(N) fusiuauluanavun
189a13HAN (N) raiudnsdausendnnanuidudulneluasesgnsusenay (n) AuAY
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1 -~ Myi
/ CM
/ 1
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AMFMARIMEN
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N1IUIANANFRULD
et LI AT
Ho = KA Hy*...4 X H,
Tmaamﬂuﬁﬁ BNLARNANEIUNANAL Ba LAAS29M%N 51N LAAINA1T19LA RS
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P
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ANANITRIT9ANTU TN S

4. Annan1gantn (FT: mmablllty limit, FL)

Tmﬂﬂaiﬁfsﬂﬁﬂmnﬂjl;:] E al ﬁL’E:':j T: ”""‘:ﬂﬂf
mmaﬁ Wﬁﬁ%ﬁu‘iﬁu 1BIINYIRY
e

e FL = limit of flammability of mixture
T o « . j S -
P, = WefluFATaUTINRITliALTN
B = wefifufeadamariafiaes

3 : - - i
p. = wedidusreadandsriiad n



, & e
FL; = limit of flammability IBILTRINRITUALTN
o A’ a a i
FLy = limit of flammability 19 TaINRITHANARY
FL, = limit of flammability 19 TaINAIIHAT

A1999 9-1 uampuantRenanslsznavlalasaiueuuazuiiaiden [7)
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Carbﬁm NI

Higher Lower Lower Higher
heating | Flammability | Flammability
Compound limit, limit,
LEL HFL
(%vol) (%ovol)
Methane (CH,) 5.0 15.0
Ethane (C,H,) ﬂ/ _, 2.9 13.0
N N
Q "r \ \\
Propane (C;H,) | 4. Il __‘“3“ 2.0 9.5
Isobutane
1.8 8.5
(i'CsHm)
n-Butane
1o 9.0
(n-C;H,)
Isopentane
13 8.0
(i'CsHm) !l
n-Pentane
8.3
oo G HTy
Hexanes (CH, ) |  86.177 77

Nitrogen (N,) 28.0134 -

5. é’nﬂdqummﬁsim#amﬁammquﬁ

U 1 - :’/ o H H
TunistdsssaufeuainidewmasiudnflugacldBuncuenniAfieananass

| - o 8 va v a . - aa
ﬂ']nqﬁhJLWUQWﬂuuqz'ﬂ']'l“lﬂﬂﬂ']?qutaﬂﬂQ']NTﬂulquqqﬂﬂ'\ﬂﬁ'ﬂ“mn&ul‘ﬁm lun?m‘/l

v
anARuTuazin g anufaududa (Sensible Heat) nsnsrutiunumanugaanis
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al A = " % A o ' g : a o o dl °
BINIANNNGB]) 178 Stoichiometric WradRTAIuTaI N ARBLATTuRd Aryfiasin
Winsudenisuniwifiauysal
NANTUIANNITIHN InsTreadlinu

CH, +20, =CO, +2H,0
' G v a o = o a‘d
A1NNJ183 Avogadro - nanadanelianiazgumniuaraniudtaiuuians

YFrnnuiniu azfiswauluanawiniu nanane

1 moIeculeCH4 +2 moleculesO2 =1 moleculeCO2 +2 molecuIeSHZO

O2 +2 volumesH,O

\Wesanasdlszng LT UA g UTHAsTN gnng

AUNITA Insde T
° o | = rﬁ R al -
AMFUTANAUNRE 2507 AN Aty LLan ummw 9-2 1189372 1NA

tsznavdiaeandiaw 20105 wle i ur 1nti5ua8s UABINITDINIARINFTULFRY

P
demauinazituualaghodiigen)sa 00/20.95 111 WAaz3u1ms184
panFiauazinFauiululafiagen m ST tlz“hauiiluennia 4.78 15ums fa

Faatihg o, #20 —‘-‘-_%Aw | +2H,0+7.56N,
b J,u I"
“49:55air = Q+ 756N,
i TS T A AL A Ot et —y
ANTNN U-2 ULRANANN v; X ‘

(4)
ﬂ u ﬂ ’J qn ﬂ w 5 ﬂ"in ‘j Stoichiometric
(1) ) ch tri
Air per unit
Gas uation er_uni
ammﬁ‘im RN AITED ) e rom
lu a
q m,
CH, CH, =+ 20, =00, s 2H,0 2.0 9.55
C,H, CH,+30, = 2C0O, +3H,0 3.5 16.71
S C,H, +50, =3C0, +4H,0 5.0 23.87
CH,, C,H, +630, =4CO, +5H,0 6.5 31.03
CeH,, C,H,, +80, =5C0, +6H,0 8.0 38.24
C.H,, C.H., +9.502 =6C0, + 7H,0O 9.5 45.41
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< 3

1. anuduussainaqlipasldiuufananniesdlssnaureusaifesiiu s %

Taenfsums
2. winfiesddszneuassaislalasanfueumin 019 C.H,, uay CH,, luufanax
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nsYan1sustnaa mAuasIdaInas
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a; o A’ a dl v a v : 1 o °
1J'5‘mrummﬁwuaunuvmLwatha'lmnﬂn'n‘m'ﬂuu TUBLNUTDUUAZNANITENITNINY

IaUATRNEUR WNTANEREE N8I ReRsINs s TeveIn AR et ATeEURLLY Orifice
air flow meter fauandlugiin -1 Usznavlilduriasiiadnaausunnasen (Pressure drop)
sEwinussEINATLUEUesITNa  (Orifice  plate)  wartannisesiiaunalneineazannis

[
v

)

NeEANENT80NA Tuareniunsimipiesngasuaniléainaunis 9]

o d = \

E = AP WIS YNy 2 TuATeeius

4 9 \

n = MUY

Ve = e) TBIUATDILIUMNANNA (m°)

N.., = MIENNAAE A (rad/sec)

neAUIMILTINRANIAT InaLELA Rahannsdail
: Tl
E M Pair Jair - (A-2)

v ﬂﬁﬁ’i SN yng
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AR S rATENa e
q
nsluatieeasasesenalidaiiunisivauuugasalaily (incompressible flow)
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3 . 2 Ap  2Ap
we Y. =p,. g I v, =2g——=——
pairg pair
2Ap
v, = [— (m-4)
p

(A-5)
o A =
V =
d -
eRansannsnaciafoedi ¥ a?) 27868 36101 Vena contracta 34az

Wfa 1fasananniailugesluad

ya8lualudeanlvatrutiufsreslva
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2 [2Ap
Qair _CD Tcg
p

air

d‘ I aﬁ <2 o [~ v a
wasannlunismaaeuinislasuulasaniozaasainidasaflugesdananseny

sananasiaFunueIn g ATestus Tae

pa
pair: W
a
e P, = ANAULITUINA (P3
R = tai w287 J-kg/K
. = :
A1 AP mldannnsieea (AP QEHNENLARTTN AT e UWn Y h Hwdaendlu
! | “\.
mmH,0
S
(A-6)
AN (P-2) uaz (p-6) arlians s Wad el a;';
(A-7)
I 9.81h x P
: m. o= p—- (n-8)

. air; D
¢ a s RTa ,
AULINBNINYINT
ﬂ’]ﬂ!ﬂs’n'l‘iﬂ']u']m&lﬂﬂ'liﬂﬁtnﬂ'a'lﬂr'llﬂsﬂﬂ?’aﬁﬂ (ﬂ

QST I B Rn

1INANNIT (A-8) Famatnasielil

H
al o

wignsnsivadanareseniAdngieiasusminanuiiaaumis WOT wazaanuds

$AU 1500 rev/min Nvua i

Ch = 0.6
d = 0.0379 m
h = 8.90 mm H,0
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T, = 32.6 °C (305.6 K)
P = 100 kPa
azld  m = 0.00955 kg/sec (9.55 g/sec)

A2 nsiansuslnaldawnwaung
v /] 2
lunsAnsilldufatimefdainFuinsnisinareufiad maniy aN17aa A1 ldann

mwuummtﬁuuuuﬁﬂﬁmluuma muwmumwwmlwﬂowmsmﬂumwmuluamq.,

85 unsAneniivindy

tND Q, j 3 / / eC)
s L AN

- ‘\ 3, mﬁ‘mmns‘u 190U

?\ uuumﬁmunammmmn

) (A-10)
\7
gia I
p; = WIUUIRITRNGY (m/kg) -
mi‘mmwumumﬁfensutﬁiﬁaﬁ%% % W gjpi ﬂ ‘j
pP= _— (A-11)
| RT,
We P, = Audiysaiieauiasdhgnsalianiniinademauia (kpa)
M = uwminTuanaseufang
R = Universal gas constant = 8.314 J/(mol-K)

Tz E gampiesufandrgunsaiianisislnadamdusa ()
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APy = mwduuiardngunsafianinislnademauiaiisaldann

a rﬂl o ' = o = [l
LNUDULADT 'NLﬂummnuumnmamuunum:‘mmﬁ andagnilu

@ e rAn
AN (A-11) azldmaumunuiee dhe wdeiia.

f.t‘{.- “wia

. o AT
a0 (A-10) azldensinislyad ATAWR

f

; 7 59(0L77 g/sec)
F "y

Ly i i¥

AULINENINYINS
PMIAIATUAMINYAE



AULINENINYINS
IR TN TN



150

3T 31 uassdayadndaussdlsznaulne funnsreutasssnmaaneiaing #l4iy

HoAmaaeY

Compound | 27/11/03 3/12/03 16/12/03 15/1/04
C1 71.72 73.35 71.11 72.47
c2 7.19 7.07 7.40 6.62
c3 2.29 1.91 275, 1.91
-C4 0.52 0.42 0.62 0.41
n-C4 0.47 38 0.57 0.36
-C5 0.1 0.17 0.10
n-C5 0. 11 0.06
C6+ 0.0¢ 0.10 0.04
N2 2.75
co2 4 J > 15.27
5.G. | & 0 0.79

P Iy
AN 9-2  UAANTeU

YT LY Tt dssINTIRANUMaINainT Ty
L%mwﬁqm M‘gﬂ
A
kot < 12
Compound | 14/10/03 | 15/10/03+ 741/03. 3 | 14/11/03 | 17/11/03 | 18/11/03
C1 7178 71.89 71.89
c2 293 W 3.06 295
c3 0.86 Eo.ea 86 86 0.89 0.87
i-C4 0.17 012, 017 |@uo.17 0.17 0.17 0.17
n-C4 tﬂ) 8.1 i Hq ﬁ 0.20 0.20
-C5 0.64 0.07 0,07 0.08 0.07 08 0.07
RN IR NEAs |
| ey 3
Co+ g|' 0.0 00 0 0.07 0.07 0.07 0.07
N2 18.21 18.14 18.17 18.10 18.17 17.73 18.15
co2 567 579 581 587 5.77 587 5.59
S.G. 0.717 0.718 0.718 0718 0.718 0.717 0.716
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A9 -2 (Fle) wamsdeyadndouasdlszneulaeiBunmsufiasssnanfannunaanainild

Hudemdmaaay

Compound | 19/11/03 | 20/11/03 | 25/11/03 | 26/11/03 | 27/11/03 | 24/12/03 | 25/12/03
C1 71.82 71.78 71.71 7176 71.72 71.83 72.00
c2 2.95 2.93 2.95 2.95 7.19 3.01 2.92
c3 0.86 0.85 0.86 0.86 2.29 0.88 0.82
-C4 0.17 0.17 047 0.16 0.52 0.17 0.15
n-C4 0.19 0.19 .l " 0.49 ) . 0.47 0.19 0.17
-C5 0.07 0.07 07 ‘M 0.15 0.07 0.06
n-C5 0.04 - 0. 0.10 0.04 0.03
Co+ 0.07 0.09 0.07 0.07
N2 18.12 11 e 274 17.87 17.87
co2 5.71 73 ’ 4.73 5.81 5.85
el 0.717 offi 74 IF.. o7 | ).788 0.717 0.716

s

Compound | 29/12/03 ol 1 " 9/1/04 | 12/1/04 | 13/1/04
g 71.70 7188 169 6 71.70 71.92 71.80
c2 2.90 290 =2 ) 90 2.90 3.05 2.96
c3 0.86 ' 86 0.91 0.87
-C4 0.17 1 0.18 0.17
n-C4 0.19 | O. , 19 0.20 0.19
-C5 0.07 tgﬂ 0.07 0.07 0.07 0.08 0.07
n-C5 mbz(u_ . . lng ﬁ F‘] ﬂﬁ 0.04 0.04
Cé+ l‘hs E o.g I Hgl 008~ | "008" | o007 0.06
N2 .,182 9. L. 18 ) ‘Ef 76 18.07
co 5. 95 ! 1 47 70 S_E{) 5.77
s.G.Hr 0.717 0.718 0.718 0.717 0.717 0.717 0.717
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Indicated CH, CH,, flow Indicated air flow Air flow Time (sec) Flame speed AF

(cm) (10 m¥sec) (cm) (10°m¥sec) | 11 © 3 @ (m/sec) | (by vol.) ¢
10 0072 28 0.545 85| 85| 88 | 86 | 86 0.355 757 | 1.266
9 0.066 28 0.545 55 | 54 | 56 | 55| 55 0.555 826 |1.160
8 0.06 28 0.545 35 | 45 | 40 | 40 | 4 0.763 908 |1.055
7 0.055 28 0.545 38 | 42 | 40 | 38 | 395 0.772 991 |0967
6 0.047 28 0.545 48 | 48 | 47 | 48 | 476 0.641 11.60 |0.826
5 0.043 28 0. 9| 61|60 | 60| 6 0.508 1267 |0.756
a4 0.036 28 5 | 103 ] 102 10 0.305 15.14 | 0633

1 ’ 1
-l v [~ alal
ANTNN -2 l.l.ﬂﬂ\‘l‘ﬂﬂuuﬂﬂ'l HITAULA DNRULNANANN muua: CO2
L3
WussAdsena
Indicated Thai Thai gulf NG Indi =
r (o] * ) Flame speed AF
gulf NG flow corrected flow flo = 4)
3 3 ?ﬁ\‘a [i =

(cm) (10" m /sec) ) 2 3 i (m/s) (by vol.)
1 0.066 ; 7 7 0.671 7.76 1.139
10 0.061 58+ | 413 4107| 0743 8.73 1012
95 0.058 27 e 6 2 | 4.147 0.736 9.1 0.970
9 0.056 27 —D33 428 | 4303 0.709 9.53 0.928
8 0.051 7 a2 4.75 | 4.770 0.639 10.48 0.843
7 o046 | e s |} o0sa1 11.43 0.773

A3 A-3 LLﬂﬂQiﬂHﬁB?ﬂﬂﬂﬂ

Luﬂ'l'mﬂmmunauauﬁ Hnuuar N,

WuaaAlsene€usan (Wiasssua@ainumnaansin)

ﬂumwﬂmwmm

Indicated Indicated air
A|r Timei{Sec) Flame spéd’ AF
Myanmar N ‘ﬂ ﬂ b Q0™ ™ [']“a lEl ¢
(cm) 10 m*fs q (€m ﬁ (m y d 3 by vol.)
1" 0.068 0.465 481 | 481 | 485 |4.823 0.632 6.79 1.141
1 0.068 25 0.485 440 | 444 | 4.47 | 4.437 0.687 7.08 1.094
1 0.068 26 0.51 444 | 441 | 441 | 4.420 0.690 7.45 1.040
10.4 0.066 26 0.51 444 | 443 | 4.47 | 4.447 0.686 7.77 0.998
9.5 0.061 27 0.53 503 | 5.10 | 5.06 | 5.063 0.602 8.70 0.891
9 0.058 27 0.53 547 | 547 | 537 | 5.437 0.561 9.15 0.847
8.5 0.056 27 0.53 562 | 569 | 584 | 5717 0.534 9.52 0.814
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