w

>

~

10. .

Benson , R.s. Internal combustion engine. London. Pergamon Press 11979.

BOSCH .Automotive Electric / Electronic System. Stuttgart .Robert Bosch GmbH
,1988.

Heywood 1J.B. Internal Combustion Engine Fundamentals . Singapore . McGraw-Hill
,1988.

Lichtly 1L.c. Internal combustion engine . Tokyo . Me Graw-Hill 11951.

Nwagboso 1C.0. Automotive Sensory System . Bolton . Chapman & Hail 11993.

Sen 1s.p. Internal combustion engine . Delhi. Khanna Publishers . 1978.

Taylor, C.F. The internal combustion engine in theory and practice . Massachusetts .

MIT Press 11968.

11

12.

13

4A-FE, 4A-GE - 0.00039 .
12530.
EFI .
( - ) 12535.
NO.00036 .
. 2532.
NO.00026 . , 2532.
1 . (.1 ).

. Keith Owen and Trevor Coley . Automotive Fuels Reference Book . Second Edition .

.S.A. . Society of Automotive Engineers 11995,



FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY



AUSTRALIAN STANDARD

AS 2789.1-1985



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 1ISO 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.
2. Field of application

This part of 1ISO 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 1ISO 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.

3. References

ISO 1000, S1 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.

ISO 3046/6, Reciprocating internal combustion engines - Performance - Part 6 : Overspeed

protection.



4. Units and terms 105

41 The units used are those of the International System of Units (3 Unit) described in
ISO 1000.

4.2 The general engine terms used are as defined in ISO 2710.
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 :
pr = 100 kPa
Air temperature :
T, = 300 K (27°C)
Relative humidity :
fa =60 %
Charge air coolant temperature :
Ta = 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 mmHg) and 30°c

3. For automotive type inboard and outboard marine propulsion engines, the standard reference

conditions in 1ISO 1585 and 1SO 2534 may be applied but they shall be stated.



6. Auxiliaries 106

6.1 Introduction

order to show alertly the conditions under which a power is determined, it is necessary to
distingiiish 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 fitted 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 items as fuel injection pump, exhaust turbocharger and charge air cooler are in this

category of engine components.)

6.2 dependent auxiliary : Iltem of equipment, the presence or absence of which affects the

final shaft output of the engine.

6.3 independent auxiliary : ltem of equipment which uses power supplied from a source

other than the engine.

6.4 essential auxiliary : Item of equipment which is essential for the continued or repeated

operation of the engine.

6.5 non-essential auxiliary : ltem of equipment which is not essential for the continued or
repeated operation of the engine.

7. Declarations of power

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

declared in &), 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 ba07

achieved, the declaration shall state :

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

conditions (see 7.4.2).
b) the kind of power output (see 7.3).
©) the kind of power (see 7.3).
d) the corresponding engine speed.
NOTES

1 The term used in @ to ¢) may be combined, fro 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 Standard shall be determined in

accordance with 1SO 3046/2.
7. .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.
7.1.3 Power and torque

For engines delivering power by a shaft or shafts, any power in this International Standard is a

guantity 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.
7.1.4 Engine speed

The speed of an engine is the mean rotational speed of its crankshaft or crankshafts in
revolutions 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 108

When stating the power of an engine fitted 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.
7.2 Kinds of power
7.2. Indicated power

The total power developed in the working cylinders by the gases on the combustion side of he

working pistons.
7.2.2 Brake power

The power 0 the sum of the powers measured at the extremity of the engine driving shaft or

shafts.

7.2.2.1 Any statement of brake powers shall be supported by the following list of auxiliaries :
d) essential independent auxiliaries as defined in 6.2 and 6.4;
b) essential independent as define in 6.3 and 6.4;
©) 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.

7.2.3 Net brake power

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

7.3.1 continuous power

Power which an engine is capable of delivering continuous, between the normal maintenance
intervals stated by the manufacturer, at stated speed and under stated ambient conditions, the

maintenance prescribed by the manufacturer being carried out.



7.3.1.1 Overload power 109

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 permitted 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 h 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

main propulsion engines may develop overload power in service.

2. If the engine application is not determined, the engine manufacturer shall specify the overload

power and the corresponding engine speed.
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.
7.4 Kinds of statements of power
7.4.1 1SO powers

7.4.1.1 1SO power

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

the standard reference conditions in clause 5.
7.4.1.2 1SO 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;i 10
b) with the declared power adjusted to the standard reference conditions given in clause 5;
¢) the maintenance prescribed by the engine manufacturer being carried out.

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;
) the expected interval between maintenance periods;
d) the nature and amount of the supervision required;

e) al information relevant to the operation of the engine in service (see clauses 12 and

13).
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

ambient 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).
8.1.2 Specific fuel consumption

The fuel consumption per unit of power.

8.1.3 1SO specific fuel consumption

The name given in the specific fuel consumption at the 1SO standard power.



If not otherwise specified by the manufacturer, a declared specific fuel consumption shall belli
considered to be the 1SO specific fuel consumption.

8.2 Reference calorific value of fuels
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 kJ/kg (10,030 kcal/kg).
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.

8.3 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.
9. Declarations of 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 shall be declared.

9.3 The oll discarded during an engine all change shall be not included in the lubricating oil

consumption declaration.



10 Adjustment of net brake power for ambient conditions 112

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) :

pr=apr @

11
a=k- 0.7(1-k) | (see note 2) @

Yim
m - \g
o Px-abPx ey g,
VPr-APsr . WX & |

10.2 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 formula (3)

( Vv
f\
Mra) V'x/ ¥
Pra =PrX; * ©
T

where :
p, is the brake power;
pris the standard reference total barometric pressure;

pg is the saturation vapour pressure under standard reference conditions;

()ris the standard reference relative humidity;

Tr is the standard reference absolute aintemperature;

Ta is the standard reference absolute charge or coolant temperature;

prais the substitute reference total barometric pressure given by formula (5

Tiais the substitute reference absolute air temperature to be stated by the manufacturer;



7Tr is the boost pressure ratio at declared power under standard reference conditions to

stated by the manufacturer;
7Ina is the maximum available boost pressure ratio to be stated by the manufacturer;

CX is the power adjustment factor;

k is the ratio of indicated power;

T|mis the mechanical efficiency (see note 4);
Pxis he brake power under the conditions being considered;
px is the total barometric pressure condition being considered;

psxis the saturation vapour pressure under pressure the conditions being considered;

(Xis the relative humidity condition being considered:;
Tx is the absolute air temperature being considered;

is the absolute charge air coolant temperature at charge air cooler inlet being

considered.
The factor a and exponent m, , and g have the numerical value given in table  (see note 5).
NOTES

. 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 favouravlie than the standard reference conditions, the
declared power under the ambient conditions may be limit by the manufacturer tot he 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, Eand G in table
For al other formulae references the power adjustment is independent of humidity (@ =0).

4. The value of mechanical efficiency shall be stated by the engine manufacturer.  the absence

of any such statement, the value of T|m= 0.80 will be assumed.



5. When declaring the I1SO standard power the engine manufacturer shall state which of thél 14

formulae references table 1 is applicable.

Table 1- Numerical values for power adjustment

Engine type Condition Formula Factor Exponents
reference a m q
Power limited by A 1 1 075 O
Non- air excess
Compression  turbocharged Power limited by 1 1 0
ignition oil thermal reasons
engines and  Turbocharged
dual-fuel without charge 0.7 2 0
engines air cooling Low and medium
Turbocharged speed four-stroke 0.7 12 1
with charge air engines
cooling
Spark ignition  Non- 0.86 05 O
engines turbocharged
using Turbocharged Low and medium 0.57 055 175
gaseous fuel ~ with charge air speed four-stroke
cooling engines
Spark igniton Naturally 1 0.5 0
engines aspirated
using liquid
fuel

NOTE - The factors and exponents given

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

formula reference D, for an engine with the charge air cooled by



engine jacket water, the value for exponent g could be zero. At present, they apply only to thé 15
types of engines specified but table 1 will be extended to include other types when sufficient

data are available.
11. Adjustment 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 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 :

bx = pbr ©
where p = k/a ™
where :

b is the specific fuel consumption
p is the fuel consumption adjustment factor

oc 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.
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.

¢) Site conditions



1) Site barometric pressure (highest and lowest reading available; if no pressure date! 16

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.
a
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.

€) Whether the engine is to comply with the requirements of any classification society or

with special requirements.

f) The probalbe 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.

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.

€) The direction of rotation (see ISO 1204).
d) The number and arrangement of cylinders (see 1SO 1205).

€) 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 :



) combustion and scavenging; 117
2) cooling and ventilation.

g) The method of starting, apparatus supplied and additional apparatus required.

h) The type and grade of lubricating cil(s) recommended.

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 necessan/, 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.
) A schedule recommended maintenance and overhaul periods.
p) Specifications and lower calorific values of fuels recommended.

g0 Maximum permissible back-pressure in the exhaust system and the maximum

permissible intake depression.

r) Any other information appropriate tot he particular engine application.
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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 oil scavenge pump for dry-sump engines.
3) Engine-driven engines cooling water pump.
4) Engine-driven raw water pump.
5) Engine-driven radiator cooling fan.
6) Engine-driven engine cooling fan for air-cooled engines.
7) Engine-driven gaseous fuel pump.
8) Engine-driven fuel feed pump.
9 Engine-driven fuel pressure pump for common rail or servo-injection system.

10) Engine-driven generator, air compressor or hydraulic pump when supplying power to

items in lists B.
12) Engine-driven cylinder lubricating pump.
13) Air cleaner or air silencer (normal or special).
14) Exhaust silencer (normal or special).
LIST B - Essential independent auxiliaries (see 6.3 and 6.4)
1) Separately driven lubricating oil pressure pump.
2) Separately driven lubricating oil scavenge pump for dry-sump engines.
3) Separately driven engine cooling water pump.
4) Separately driven raw water pump.

5 Separately driven radiator cooling fan



6) Separately driven engine cooling fan for air-cooled engines. 119
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.

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 ¢ - 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 pump.
5 Engine-driven ventilation fan.
6) Engine-driven fuel transfer pump.

7) Engine-driven thrust bearing.



Annex B

Determination of the power adjustment factor (00

120

The table below gives values of the power adjustment factor (00 for known values of the ratio

of indicated power (K) and mechanical efficiency (T|n).

The value of k can be determined from annex

The value of T|mis stated by the manufacturer (see clause 10, note 4).

a

k Men

. 0.70 0.75 0,80 0.85 0,90 0,95
0,50 0,350 0,383 0,413 0,438 0,461 0,482
0.52 0.376 0,408 0,436 0,461 0,483 0,502
0,54 0,402 0,433 0,460 0,483 0,504 0,523
0,56 0.428 0,457 0,483 0,506 0,526 0,544
0.58 0.454 0,482 0,507 0,528 0,547 0,565
0,60 0,480 0,507 0,530 0,551 0,569 0.585
0,62 0,506 0,531 0,554 0,573 0,590 0,606
0.64 0,532 0,556 0,577 0,596 0,612 0.627
0.66 0.558 0.581 0,601 0.618 0,634 0.648
0,68 0,584 0,605 0,624 0,641 0,655 0,668
0.70 0.610 0,630 0.648 0,663 0,677 0.689
0,72 0.636 0,655 0,671 0,685 0,698 0,710
0,74 0,662 0.679 0.695 0,708 0,720 0,730
0,76 0,668 0,704 0,718 0,730 0,741 0,751
0,78 0,714 0,729 0,742 0,753 0,763 0,772
0,80 0,740 0,753 0,765 0,775 0,784 0,793
0,82 0,766 0,778 0,789 0,798 0,806 0,813
0.84 0,792 0,803 0,812 0,820 0,828 0,834
0,86 0.818 0,827 0.836 0.843 0,849 0,855
0,88 0.844 0,852 0,859 0,865 0,871 0,876
0,90 0,870 0,877 0,883 0,888 0,892 0,896
0,92 0,89 0,901 0,906 0,910 0,914 0,917
0,94 0,922 0,926 0,930 0,933 0,935 0,938
0,96 0,948 0,951 0,953 0,955 0,957 0,959
0,98 0,974 0,975 0,977 0,978 0,978 0,979
1,00 1,000 1,000 1,000 1,000 1,000 1,000
1,02 1,026 1,025 1,024 1,023 1,022 1,021
1,04 1,052 1,049 1,047 1,045 1,043 1,042
1,06 1,078 1,074 1,071 1,067 1,065 ° 1,062
1,08 1,104 1,099 1,034 1,090 1,086 1,083
1,10 1,130 1,123 1,118 1,112 1,108 1,104
1,12 1,156 1,148 1,141 1,135 1,129 1,124
1,14 1,182 1,173 1,165 1,157 1,151 1,145
1,16 1,208 . 1,197 1,188 1,180 1.172 1,166
1,18 1,234 1,222 1,212 1,202 1,194 1,187
1,20 1,260 1,247 1,235 1,225 1,216 1,207
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Determination the fuel consumption adjustment factor

The table below gives values of the fuel consumption adjustment factor ((3) for known values of

the ratio of indicated power (k) and mechanical efficiency (T|mn).

The value of k can be determined from annex D.

The value of T|mis stated by the manufacturer (see clause 10, note 4),

k 070 075 085 090 095
050 109 1 L LM L 108
052 i lys 193 119 L 10%
054 R S 1 1) SR
036 108 125 1) LW 106 103
038 128 13- L5 10 L0 1007
00 i 1 SR N 11 N S K1
062 25 lg Lo 10 1060 1023
064 i 1 M 1S 1 U 1/
086 g Ly L 1 1 101
088 6 I3 I fo I8 101
0.10 M8 1 el 106 10% 1016
072 B 1 R 1) S 11 S 1/ R 1
074 18 1089 L 105 LB 1013
07 S ' N - 1| N X 7 S K 1
0.8 72 1 N -7 Sl 1 U 177 S
080 gl 1t 1o o0 1009
082 07 L8 L0 108 107 1008
084 TR U G 1S 117/ S X L S X1
096 TN 0 I 17 N V17 AN i S 1
088 3 1@ 1 Lot 1005
090 0% 107 LW L L 10
092 T L et 0o 1008
094 0 10k U 108 100 0w
0% 3 Lo i 105 L3 e 100
098 06 L0 LM 1@ 12 10
100 00 1000 Lo 100 oo 100
102 094 Q9 Q% 0% 0% (%
104 0989 0% 08 0% 0%7 099
106 0983 0% 080 03 0% 0%
108 K T N 1 N 1 S
110 oo 09 0% 0% 0 0%y
1D 099 0976 0%, 0% 0% 0%
114 0965 092 0979 0% 0@ 0%
16 0%0 0% 096 093 0%y 0%
118 0% 0% 0% 0% 0% 0%
12 0%  09%3  ogm2  0%0 0% 0



Annex 122

Determination of the ratio of indicated power (k)

Formula (3) or (4) can be written as : k=(r,)y1(R2)y2(R3)>

APy r.aAyPe:
where RI= Pxr-a XPS’ Nor PX

(€]
Pr-ArPs,

and Yl1=m y2= y3=g¢q

Px~axPs
Pr-ArPs:

The value of R,= can be obtained from annex E and other values of R can be
calculated.
The value of m, , q are obtained from table 1

The table below then gives values of RYfor known ratios R and known factors vy.

The value of k is then obtained by multiplying together the appropriate values of Rv.



0.55

0,57

0.7

0.75

0.86

0.645
0.663
0.681
0.700

12

175

123
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Annex E

Determination dry air pressure ratio

used in formula (3) given in the table below for the

VPr-APs
value of oc = 1 of formula references A, E and G and for different values of total barometric

NP X - s,

The dry air pressure ratio

pressure (pX) and water vapour pressure (J)ps9).

If the water vapour pressure is not known it can be obtained from the sir temperature and

relative humidity by the use of annex F

Total harometric
pressure p,

Altitude

2 B

1

kPa
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Annex F

Determination of water vapour pressure

i given in the table below in units of kPa for different values

The water vapour pressure

of the air temperature ~ in degrees Celsius and relative humidity (X

. kpal
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! « OEM (MAFE) ' %

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 98 RON ULP

Exhaust Emission Volume Lub. oil cooling
E £ £ g = & 8 ) e ®
2 5 = 3 3 & = £ = 9 =& | =
s I g8 -t 5 E 22 2 E 8 3
g & & £ £ 5 g ' ' =T 3 &8 4 E g 3
=3 2 < ] [ = = \E e =
| o = — - = o =
= >
1 2500 130 2975 0.00347 13.6833 4 271 1347 24 U 26 761 393 84 84
2250 105 21 000273 24.3333 28 084 1453 186 U 2% 761 386 86 84
32500 89 2400024 21.3333 25 08 1457 1712 3 26 6l 386 80 83
42500 il 21 000208 1845 25 089 1448 15 3 2% 761 388 86 83
5 2500 b5 18 0.00178 153333 26 091 1445 176 3 21 761 390 85 83
6 2500 3 15 000144 121 % 084 1453 147 3 26 761 3% 8 8
13000 125 29.75 0.00427 16.7333 26 464 1233 03 3 26 761 403 88 83
2 3000 104 27 0.00323 29.1333 27 093 1425 128 4 % 761 399 9 83
33000 8 240.00283 26,0833 2% 088 143 U 2 1 399 91 83
43000 69 21 000244 22.05 25 101 1423 114 35 21 761 400 90 83
5 3000 53 18 0.00205 184333 2 1 U2 2 3 21 761 402 89 82
13500 12 29.75 0.00483 19.7667 25 434 1257 163 3 277605 409 97 84
2 3500 101 21 000372 20.9167 20 092 1437 101 35 21 17605 404 98 83
3 3500 83 24 0.00323 26.9167 2 08 1438 o 3 20 7605 405 98 831
4 3500 06 21 000277 244833 25 086 143 91 35 21 7605 407 97 83
5 3500 50 18 00023 20.3833 % 08 1436 97 3 217605 410 95 8
1 4000 122 29.625 0.00573 32.7167 25 531 119 152 36 21 7605 411 104 84
2 4000 103 000436 39,1333 2 102 142 3 3% 21 1605 405 105 84
34000 85 2400038 3545 2 09 143 8 3% 217605 407 104 83
4 4000 68 21 000327 303 5B 087 1431 19 3% 21 7605 409 104 83

Inlet :°c
Exhaust Temp. : °c
Th. Opening : %



2 A OEM (4AFE) 97

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

Exhaust Emission Volume
B £ £ 3 = B
3 = L 8 = s = =
c 8B 8 - & g £ ° ' B
= & 2 3 = = = O
s g 2 2 = = < -
E & = 2 & g
190 104 30 0.00111 4.83333 6 085 1381 644
2 900 92 27 0.00094 6.18333 9 0.7 139 248
3 900 1 24 0.00081 5.03333 13 061 3.85 93
4 900 62 21 0.00073 4.38333 2 057 1389 82
5 900 48 18 0.00061 3.7 15 048 1388
b 900 4 15 000052  3.05 19 055 1382 97
7 900 19 12 0.00042 2.38333 5 042 1381 80
1 1200 107 29.75 0.00147 6.01667 13 384 1248 206
2 1200 92 27 0.00119 9.1 o 016 1387 42
3 200 7 24 000105 8.11667 7 075 1386 46
4 200 61 21 0.0009 6.46667 15 067 1392 39
5 200 49 18 0.0008 49 17 06 1394 54
b 200 Kl 15 0.00065 425 20 057 1391 55
7 200 16 12 0.00052 2.78333 16 057 1386 138
1 500 11 2975 0.0019 7.83333 7 39 1201 235
2 500 9% 7 000149 12.1167 18 075 138 63
3 500 80 24 0.00132 10.7833 19 07 1383 9
4 500 63 21 0.00116 ~ 9.15 7 067 138 48
5 500 50 18 0.00097 7.23333 19 065 1383 172
b 500 37 15 0.00081 4.71667 2z 058 1386 65
7 500 19 12 0.00063 37 20 059 138 35
1 800 118 29.75 0.00232 9.68333 16 296 126 178
2 800 99 27 0.00186 9.83333 20 01 3.82 144
3 800 84 24 0.00162 12.8167 20 068 1386 35
4 800 67 21 0.00141 11.0667 18 068 1384 32
5 800 52 18 0.00119 9.18333 2 067 1374 63
6 800 36 15 0.00098  7.35 23 066 138 21
1 2100 13 2975 000279 1135 21 486 1157 239
2 2100 97 7 000207 17.3167 24 083 1366 48
32100 80 2400018 161 23 083 1367 34
42100 63 21 0.00156 13.1667 23 089 1362 34
5 2100 48 18 0.00133 1115 25 09 1356 55
6 2100 32 15 0.00107 8.21667 25 078 1366 08

E
S

Rn mMm>9
Pressure : kPa
™y
Exhaust Temp. :°c
Th. Opening : %

oSS
>S—=&

@e3e3e3e3e3 Dry Bulb Temp :<c
SRR Wet Bulb Temp : °c

[II3ss Temperature : °c

-
= o



(2 ( OEM (tAF) (0

Date of experiment: June 1996 11
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

Exhaust Emission Volume Lub. ail cooling

E £ 2 g = % 77 £ - &
E . 3z 8 3 £ 5 ¢ ¢ = g8 &8 4 & % o
= =4 =3 :‘; £ £ = e = = E it 2 «
s 2 = B8 5 = F 0 0 - NN ; z2 2
& £ £ a = B s 4 Q 4 d g £

5 & = & § % AN =

E=d =

1 2500 128 29.625 0.00334 13.6833 25 261 12690 193 3 2 760 30 85 84
2 2500 104 0.00261 23,7833 28 084 1358 146 3 20 16l 38 87 84
32500 87 24000228 2125 25 084 1358 13l 36 2176l 385 81 83
4 2500 69 21 0.00198 181833 % 092 1351 1 3% 2 16l 37 & 83
5 2500 53 18 0.00165 14.7833 % 092 1347 1% 36 2 16l 3 85 83
6 2500 3% 15 0.00138 11.7833 26 08 136 107 20 760 32 _ 8 8
13000 127 29.625 0.00422 16.8667 2% 458 115190 36 21761 400 90 84
23000 104 27 00032 29.1667 7 09 1351 114 3a 28 16l 3% 9 84
33000 87 24 0.00281 26.1667 A 087 1358 o 3 28 16 396 9 83
4 3000 69 21 0.00239 22.2333 25 0.9 52 97 3 2016 398 90 83
5 3000 5 18 0.00201 184333 % 08 138 1l 3B 28 76 400 89 8
1 3500 120 29.625 0.00475 19,6833 2% 43 1192 1% 3 8 761 407 97 84
2300 100 27 000366  20.15 26 089 1355 89 3 8 1l 401 99 83
33500 83 240.00318 26 7167 2% 079 136 87 3 281 76 402 99 83
4 3500 66 21 000272 24.6667 25 081 1359 84 3 B 16 404 9% 8
5 3500 49 18 0.00233 20.5833 26 079 1362 89 B B 16 407 9% 8
14000 119 295 0.00567 31.7333 % 538 11 140 39 28 716 407 104 8]
24000 10 27 000432 38.75 2% 103 1349 13 39 28 16 403 105 83
3 4000 8 24000375 35.4667 28 089 1357 68 39 28 16 404 15 8
4 4000 67 21 0.00321 30.2833 5 08 1357 69 3 28 76 408 103 8

Inlet :°c
Exhaust Temp. : °c
Th. Opening : %



3 « OEM (4AFEI R

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Specific gravity 762.0 kgiro3

Exhaust Emission Volume

E £ £ g % Z
= - 3 4 = =) = =
= 8 = =4 IS = £ L E a
= & = = = & = o
g & 2 & £ =5 5 T

e 2 < g o =

fin] fiw] = = E =
1 90 1 30 0.00115 4.83333 0 054 143 660
2 900 87 21 0.1 663333 4 0. 14,34 249
3900 76 24 0.0 88 5.81667 10 058 1432 199
4 900 62 200 77 48 13 05 143 205
5 900 49 18 0.00 7 403333 16 049 1432 22
6 900 3 15 0.0 56 3.01667 19 049 1426 232
7900 3 10.75 0.00039 17 0 011 1204 218
1 1200 101 30 0.0016 6 T 442 1238 220
2 1200 21 0. 125 9.48333 13 0.76 144 151
3 1200 17 24 0. 111 7.25 16 0.69 1438 165
4 1200 64 2 0.0 98 6.7 17 064 1439 171
5 1200 49 18 0,0 83 523333 17 057 1441 18
6 1200 35 5 00 7 4.15 20 0.52 144 185
7 1200 i 122 00 57 246 7 16 052 1441 179
1 1500 109 30 0. 202 7.86 7 1 461 1233 250
2 1500 93 27 0. 157 118167 15 068 1441 163
3 1500 19 24 0. 139 10.8167 19 065 1439 183
4 1500 66 22 000122 9.11 7 18 065 1438 185
5 1500 50 180, 104 735 19 064 1433 205
6 1500 36 15 0,0 87 568333 A 057 143 188
7 1500 17 2 00 7 393333 20 057 1443 150
1 1800 116 30 0.00249 9.65 14 33 1291 210
2 1800 98 21 0, 191 9.86667 17 069 1449 164
3 1800 84 24 0. 17 127333 21 061 145 162
4 1800 68 2110, 148 112333 21 055 1445 164
5 8 52 18 0.00126 9 2 067 1436 113
6 1800 37 15 0.00104 7.31 7 23 065 1432 158
1 2100 114 2975 0. 286 11.3333 21 504 11.95 265
2 2100 98 21 000217 17.2833 24 0.83 142 159
3 2100 8l 24 0,0019 16.1333 23 082 142 150
4 2100 64 21 0.00164 13.3167 23 089 1413 144
5 1 491 18 0. 139 1105 24 2 14.03 166
6 2100 34 16 0.00114 8.43333 25 082 1409 135

—
o=

j=x
(=3

Cc

Pressure : kPa
Temperature :°c

S Exhaust Temp. -
Th. Opening : %

363236323 DryBulb Temp :°c
NPT

RREE BREEERE RSN Wet Bulb Temp: 't



3 OEM (4AFE) Q

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Exhaust Emission Volume

E £ ¥ g = B

= £ - v o2 = O
£ g 8 1 &8 2 8 ¢ ¢ E

g & £ L E

= =
1 2500 129 29.75 0.00353 13.6333 20 315 1281 216
2 2500 107 27 000275 24.3833 21 093 1401 159
3 2500 88 24 10,0024 213667 25 084 14.04 150
4 2500 /) 21 000208  18.45 2 091 139 138
5 2500 55 18 0.00176 15.0333 26 092 139 156
13000 > 29.875 0.00431 16.8833 25 46 1211 222
23000 100 7 0.00328 29. 2333 21 094 1413 134

33000 90 24 000287  26.1 5 086 142

43000 06 21 0.00248 22.2333 26 092 1414 1?
5 3000 57 18 0.00209 18.4167 26 09 1412 138
1 3500 120 29.75 000485 197 25 439 124 183
2 3500 101 21 0.00374 20.3833 26 088 142 13
33500 83 24 0.00325 26.8667 25 082 1427 114
4 3500 66 22 0.00278 24.8833 5 082 1424 103
5 3500 50 18 0.00233 20.8833 21 08 1424 105
1 4000 121 29.75 000574  32.25 26 536 1185 169
2 4000 103 0.0044 39.2833 % 097 141 101
34000 85 24 0.00384 35,5833 24 09 1421 84
4 4000 68 21 000329  30.65 25 083 1423 88

—
=

(=2
=}

Dry Bulb Temp :°c
Wet Bulb Temp : °c
Pressure : kPa
Temperature : °c
Inlet :°c
Th. Opening : %
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pn 4 A mixture loop test AAFE

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 98 RON ULP

E 5 ®F 3 =
E 8 8 & g %
= 5 £ 85 : £ |
& £ §= a = 3
= =3 < S =
fiw, fiw, = = = f
1 900 a1 30 0.00092 4.56667 8
2 900 99 30 0.00104 453333 6
3 900 104 30 0.00119 4.43333 5
4 900 9 30 0.00141 45 3
5 900 102 30 00011 445 5
1 900 87 27 0.00092 6.68333 8
2 900 74 217 0.00078 0.0 15
3 900 87 27 0.00098 6.53333 4
4 900 80 27 0.00103 6.91667 5
1 900 11 24-0.00078 545 14
2 900 13 24 0.00097 5.61667 6
3 900 75 24 0.00087 9
4 900 72 24 0.00103 5.71667 5
1 900 59 21 0.00073 4.76667 9
2 900 48 21 0.00062 5 13
3 900 61 21 0.00079 48 10
4 900 56 21 0.00089 48 5
1 900 45 18 0.00062 42 12
2 900 39 18 0.00057 4.28333 13
3 900 46 18 0.00075 4.08333
4 900 45 181 0.00071 4.15 8
1 900 34 15 000057 4.2 15
2 900 3 15 0.00053 3.76667 17
3 900 32 15 0.00067 3.88333 13
4 900 i 15 0.00044 3.7 30
1 900 18 12 0.00049 2.68333 17
2 900 14 12 0.00042 2.6 25
31900 i 12 0.00063 2.6 16

%

Exhaust Emission
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Dry Bulb Temp :°c
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333 Wet Bulb Temp ;¢
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Pressure : kPa
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Temperature : °

Exhaust Temp. :'c
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Th. Opening : %

[FeYINTIN] o oroTo ~——— OOW©O



4 «  mixture loop test AAFE %

Date of. experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 98 RON ULP

Specific gravity 766.9 Ko/m3

Exhaust Emission Lub. oil cooling

_E £ ® g 5 & e
8 -5 38 €& = £ = £ = g g I = ! 0
E g8 g &5 E g £ = 2 £ E 2 43 0
= o = = g = = 0 Q = = 2 2

= £ £ & = 5 = = @ @ B o g

& =2 <L B3 T = s = o v

1 200 103 30 0.00156 b n 572 107 322 32 247635 1000 75 84
2 200 104 30 0.00149 5.98333 2 43 12.4 299 33 24 7635 1000 76 84
3 200 102 30 0.00133 6 1 11 1374 210 32 24 1635 000 76 84
4 200 9 30 0.00117 b 3 01l 1275 131 32 24 1635 0 76 83
5 2 82 30 0.00109 6.03333 6 008 1149 130 32 7635 0 75 83
1 200 83 271 000109 9.56 7 4016 1312 159 33 24 7635 000 Ik 83
2 200 88 27 0.00118 9.38333 4095 1335 208 33 24 1635 000 16 84
3 200 89 21 000128 7.71 7 1 283 129 250 3 25 7635 000 76 84
4 200 88 27 000133 945 0 43% 1212 272 34 25 1635 000 76 84
5 200 75 271 0.00102 9.73333 5 008 1202 130 33 25 7635 1000 76 83
1 200 73 24 0.00102 8.16667 6 043 1326 198 34 25 1635 000 5 83
2 200 I} 24 0.00108 8.26 7 4151 1332 229 34 25 7635 000 5 84
3 200 4 24 000118 8.23333 2402 1217 215 33 25 1635 000 i) 84
4 200 71 24 0.00097 8.2 7017 1287 173 34 25 7635 000 75 83
1 1200 62 21 0.00099 6.43333 17 243 1285 279 4 25 7635 1000 I 83
21200 52 2100008 6.81 7 23 007 1185 183 35 25 7635 1000 13 82
3 1200 44 21 0.00072 6.81 7 28 008 1033 250 35 25 7635 1000 1 8l
4 1200 48 200 075 6.4 26 007 1114 197 34 25 7635 1000 2 82
1 200 46 18 0.00076 51 18 053 1315 221 4 25 763 1000 73 83
2 200 Vvl 1800 82 525 16 223 129 283 34 25 763 1000 73 83
3 200 33 18 000 5 545 25 009 240 34 25 763 1000 72 82
4 200 44 18 0.00073 53 19 024 1294 202 34 25 763 1000 72 82
1 200 33 15 0.00 5 4.18333 20 05 1318 219 34 25 763 1000 12 82
2 200 A 15 0.0 75 4.13333 16 422 1185 313 4 25 763 1000 2 82
3 200 26 15 0.00056 4.31667 0 009 113 250 34 25 763 1000 1 8l
1 200 20 12 0.00058 3.26 7 23 293 4 289 4 25 763 1000 10 8l
2 200 18 12 000 4 316 71 18 703 10.38 303 4 25 763 1000 10 8l
3 200 i 1200005 345 26 039 1254 223 3 25 763 1000 10 8l

Exhaust Temp. :
Th. Opening : %
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4 mixture loop test ANFE %

Date of experiment: June 1996 //

6
Note: Testis on TOYOTA engine 4A-FE / 98 RON ULP

Exhaust Emission Lub. ail cooling
= e => o Py => o o
=3 = T 8 ] B . ©
,_ = - = * =4 o Py o £ <.
2 - 3z g8 = & 2 = t Z § 5 g £
E g 2 £ 3 5 g 3 E = E F oz 8 3
S £ = 8 5 <« £ 8 s =2 = Z = =
g 2 2 Z £ 3 £ T 3 8 ¢4 & E 3
2 =g = E i = = 5 o =
1 1500 106 30 0.00198 .1 11 568 1086 35 34 25 762 1000 7 83
2 1500 105 30 000184 775 12 3% 129 282 3 25 162 1000 11 84
3 1500 103 30 0.00254 18 2 188 138 229 36 20 762 1000 I 84
4 1500 94 30 0.00148 7.81667 14 016 1351 165 30 20 162 1000 il
5 1500 99 30 000155 775 13 048 1388 185 36 26 762 1000 i 83
1 1500 83 27 0.00148 12.3333 15 16 1378 223 36 26 762 1000 i 84
21500 86 21 00014 121 17 06l 1387 187 3 21 162 1000 1 83
3 1500 83 21 000134 1245 18 15 135 - 163 31 21 162 1000 16 83
4 1500 80 21 000128 1215 2 009 1282 168 3 26 762 1000 16 83
1 1500 7 24 0.00128 107 20 099 138 2% 3 26 762 1000 16 83
2 1500 18 24 000135 1075 18 103 1368 246 3l 26 762 1000 1 83
3 1500 10 24 000119 10.7167 2 014 1342 189 31 26 761 1000 16 83
4 1500 63 2400011 1065 0 008 1187 244 36 26 761 1000 13 82
1 1500 5 2 00011 885 17069 138 19 3 26 761 1000 3 82
2 1500 60 21 00012 83666/ 16 23 254 36 20 761 1000 3 83
3 <) 21 0.00105 8.23333 %1 016 13371 205 36 26 161 1000 13 83
4 1500 4 21 0.00099 88 1 o008 12620 220 36 28 761 1000 n 82
1 1500 46 18 0.00099 6.53333 18 1719 131 257 36 26 761 1000 i 82
2 1500 40 18 0.00087 6.56667 2% 012 1171 209 35 20 761 1000 7 82
3 1500 3% 18 0.00081 6.6 3 011 1155 405 3Bl 26 761 1000 L 83
1 1500 33 15 0.00081 49 2 14 1397 28 36 20 6 10 1 8l
2 1500 3 15 0.00076 475 26 03 1379 221 3% 20 761 1000 1 82
3 1500 29 15 0.00074 51 3 013 1329 23 3% 26 761 1000 il 8l
1 1500 20 12 0.00074 30 20 476 1245 33 35 2 61 10 10 81
2 1500 19 12 0.00067 3.36667 26 03 13 260 3 20 761 1000 10 8l
3 1500 12 0.00055 _ 2.525 3 01y 108 104 K 26761 1000 69 80
4 1500 20 12 0.00075 2.38833 23 562 1193 360 34 26 761 1000 69 8l

Inlet :°c
Th. Opening : %
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4 mixture loop test ANFE %

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 98 RON ULP

Exhaust Emission

E £ F 3 = &

S % £ 8 =5 < £
s & = = £ 5 2" 0

=4 =4 = 3 [ =

f¥w) f¥w) = = E: S.,
1 800 109 29.88 000215  9.65 B3 116 1397
2 1800 110 29.88 0.0023 955 U 256 1367
3 800 1n1 2988 00024 955 10 372 1304
4 800 95 29.88 0.00186 9.58333 017 12719
5 800 102 2988 0.00198 955 039 135
1 800 94 27 0,00185 10 17 100 1399
2 800 88 21 00017 10.2667 2 028 1337
3 800 80 21 0.00157 10.2 25 011 1223
4 800 96 27 000196  10.15 6 187 139
1 800 76 24 0.00159 13.0667 17 065 1379
2 800 69 24 000142 132167 2% 012 124
3 800 58 24 0.00129 13.6833 36 0.08 10.9
4 800 80 24 0.00172 13.1667 16 154 1397
1 1800 59 2100013 116 26 021 129
2 1800 21 0.00142 11.2833 24 09 1384
31800 67 21 000158 11.3167 18 291 134
4 1800 38 21 0.0011 11.9667 B 012 997
1 1800 42 18 0.00111 94 22 020 1289
2 1800 34 18 0.00099 9.46667 % 012 1113
31800 50 18 0.00129 9.43333 19 178 138
4 1800 48 18 0.00121 9.13333 2 08 131
1 1800 3 15 0.00101 7.3 25 0.7 137
21800 24 15 0.00217 7.43333 M 014 1164
31800 4 15 0.00098 745 26 057 1358
4 1800 36 15 0.00108  7.35 21 1719 1387
1 2100 112 29.75 0.00289 114167 15 692 1084
22100 102 29.75 0.00218 1135 19 011 1263
32100 a1 29.75 0.00249 11.3333 7 193 1305
4 200 28 29.75 0.00173 11.2167 23 018 6
5 2100 9% 29.75 0.00205 11.35 25 0.09 1.65

E
<y

83539343 Dry Bulb Temp : °c
33535353 Wet Bulb Temp :°c
Pressure : kPa
Temperature :°c



4 mixture loop test ANFE R

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 98 RON ULP

Exhaust Emission Lub. ail cooling
£ £ => o iy =3 © & o
s = T £ 2 2 3 N N
£ = % 8 - = = £ £ = = £ = @ $
= g g &5 E 2 = o ~ = = B B
= P = 3 = o = ) = = . 2 b= =
E g 2 F = 35 g T 8 @ 4 & g o
e B2 < s = = = s e =
12100 94 27 0.00204 16.7667 22 018 1313 74 3 27 7645 1000 83 19
2 2100 8 27 000177 17.25 28 01 1105 49 3 28 7645 1000 8l 1
32100 % 27 000221 165833 18 151 1315 115 3 28 7645 1000 83 9
4 2100 94 27 000258 1665 14 678 108 178 3 28 7645 1000 8 I
12100 14 24000168 16, 1011 nu i 3 23 7645 1000 82 82
2 A 56 24 0.00146 16.5667 a 012 994 - 267 28 7645 1000 80 8
32100 8 24000213 1595 2 26 1264 148 3 28 7645 1000 81 83
4 2100 7 240.00223 15 594 112 14 31 28 7645 1000 83 83
12100 63 21 0.00165 14.0167 20 087 uU» 135 k) 27763 1000 81 83
22100 50 21 000143 1435 28 012 1274 94 3 21 763 1000 8l 8
32100 65 21 000201 136 19 667 1141 266 3 26 763 1000 81 8
4 2100 63 21 0.00215 14.0833 19 857 1024 294 3 28 763 1000 8l 8
1 2100 49 18 0.00147 1125 20 118 14271 154 A 28 763 1000 81 82
22100 kY 18 000124 115 0 03 1258 200 3 21 763 1000 80 82
32100 49 18 000167  11.6 19 62 1173 258 38 21 163 1000 80 8
4 2100 46 18 000134 116 2 03 1388 17 B 21 763 1000 8l 8
12100 U 15 0.00135 8.4 20 53 1A 249 3 21 163 1000 1 82
22100 2 15 0.00124 841667 2 34 128 176 3 21 163 1000 8 8
32100 2 15 0.00101 . 29 021 1239 248 3 21 163 1000 B 8l
4 2100 2 15 0.00113 888333 27 034 1282 158 3 21763 1000 8 8l
1 250 11 30 0.00309 136833 17 074 1403 101 4 29 761 1000 91 83
2 2500 123 30 00036 1365 15 484 1201 110 4 28 761 1000 9 83
3250 1A 30 0.00337 13.6667 16 28 1315 149 41 28 161 1000 90 83
42500 109 30 0.00274 1365 20 014 1287 k] 4 28 761 1000 90 83
5 2500 85 30 0.00237 136833 2% 016 1078 41 41 28 761 1000 87 8
1 2500 9 27 000239 24.35 a0 1Y 2 41 26 761 1000 88 82
2 %00 103 27 000295 242 2 397 1255 17h 41 28 76l 1000 88 83
32500 °b9 27000277 23,9833 20 228 1345 165 41 286 761 1000 89 83
4 2500 6 27 000194  25.05 % 014 105 W 41 28 76l 1000 86 8

Th. Opening : %
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4 mixture loop test AAFE 9%

Date of experiment; June 1996 //
Note: Tests ~ TOYOTA engine 4A-FE / 98 RON ULP

Exhaust Emission Lub. oil cooling

1 £ = o = 0‘5)-, o ©

5 = = 3 = [ e, . - - ©
E 5 =z g T € L s £ F B8 8 T =2 2 ¢
S I =3 = = = = A g - - £ - =
= 2 5 Z £ E £ g 5 = = & £ E =
P w — = = o = S (&) o = . =3 = =
s 2 g £ = B = T &8 @ E 8 g O

= =) <C = [ = @ o D

s & = £ 2 £ 5 = -
1 3000 il 21 0.00262 2175 24 29 1318 165 i} 28 7615 1000 89 82
23000 66 21 0.00223 2175 A 013 1385 80 i} 28 7615 1000 89 8
33000 55 21 0.00199 2255 3 014 1201 4 £ 29 7615 1000 89 82
43000 61 21 000217 22.3833 26 013 1336 i 3 28 7615 1000 90 8
1 3000 52 18 000191 181 25 024 1398 68 4 29 7161 000 90 82
23000 18 00016 1895 3B 00 953 23 il 28 6l 000 86 8l
33000 51 18 000191 1825 21 019 13® 86 4 28 161 000 88 82
43000 53 18 0.0021 18.066/ 23 19 1383 145 7| 28 761 1000 89 8
5 3000 5l 18 000191 18.3333 26 022 1401 10 7| 28 761 1000 90 82
6 3000 54 18 0.00233 18,05 2 453 12.26 188 Q 28 761 1000 90 82
1 3500 121 2988 0.0051 185833 20 642 1L77 208 38 21 763 1000 101 83
2 3500 120 2983 0.00456  19.6 2 313 1359 158 3 21 163 1000 102 83
3 3%00 116 2988 000411 1945 24097 1437 9 39 21 163 000 102 83
4 3500 105 29.88 0.00366 19.5833 21 0l 134 48 38 20 163 101 83
5 3500 9 2988 0.00334 196 2018 1207 48 B 21 763 1000 98 82
1 3500 94 27 0.00334 21,0333 29 021 1402 63 3 21 763 1000 9 83
2 3500 5 21 000272 2085 3% 029 1026 406 39 20 163 1000 94 82
3 3500 13 27 000288 211 3019 118 68 39 2163 1000 94 82
4300 100 27 0.00386 21.3667 23 251 1385 141 3 21 763 1000 97 83
1 3500 10 241 0,0027 26.9333 1 015 1284 52 3 2 763 1000 9 82
2 3500 82 24 0.00313 26.4833 29 103 1u4A 110 39 2 16 000 97 83
33500 84 24 0,00366 21 23 4719 126 193 3 2 763 1000 9 83
43500 m 24 0,00291 27.1833 0 03 1388 74 3 2 763 000 9% 82
1 3500 67 21 0.00292 24.6833 24 26 17 143 ky 27 763 1000 97 82
2 3500 5 21 0.00222 24.9833 3020 1202 81 38 2 763 1000 95 8?
3 3500 66 21 0.00273 245333 29 1% 1419 12 38 21 763 1000 9 82
4 3500 64 21 0.00261 24.6333 A 085 1412 90 39 21 163 000 96 8
1 3500 M 18 0.00207 20.7667 29 024 1368 60 3 21 763 1000 94 82
2 3500 5 18 0.00274  20.65 23 6 1184 213 30 27 163 1000 94 82
33500 49 18 000227 206 26 L18 141 103 38 21 163 1000 94 82
43500 3 18 0.00189 211 3023 113 73 3 21 163 1000 92 82

Exhaust Temp. :°c
Th. Opening : %

S —u—
O
SNoo



4 mixture loop test INFE %

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 98 RON ULP

~co_ —_ J—

Exhaust Emission

e 3

1S S = © = I

. = = B 2 2 8
g2 g 3 ¢ = ¢ g2 = ¢

= & § & £ E E g

E & &g £ £ &8 5§ ° °

e 2 2 s T =

=
14000 118 2988 000558 268833 22 558 1271
74000 116 2988 000514 2675 4 303 14I7
34000 115 2988 000471 266%67 2 08 1515
I 4000 106 2988 000418 301867 30 013 1368
14000 99 27 000416 386833 23 048 15
704000 103 27 000463 383 22 298 1404
34000 39 27 000307 410833 28 028 94l
boo4000 84 27 000% 398388 B 0L7 1297
14000 68 24000308 359833 8 018 125
24000 84 2400039 347 24 Qb4 1492
34000 8 24 000415 305 19 341 136
bo4000 85 24 00038 3B 28 L7 145
14000 5620 000271 305838 7 017 129
24000 66 21 000308 299 %5 020 148
34000 68 21 000366 297833 20 A7l 1281
44000 63 21 000295 %2 % 02 142

E
s

Dry Bulb Temp : °c
Wet Bulb Temp : °c
Pressure : kPa
Temperature : °
Inlet :'c
Exhaust Temp. : °c
Th. Opening : %

(o=
TICOO
NORS—




Run number

ORI BN B Do B B U1

5

SE Engine Speed : rpm

Engine Torque : Nm

mixture loop test

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

Specific gravity 768 2 Kg/m3

eseseses MAP:abs press."Hg

oo [SalSalSalsy) [ecleclealea)

fuel flow rate I/sec ’

Pty
OIS
wLO—JCco~

oo oo ooooo

2
00081
0.00075
0.00092

0.00077
0.00068
0.00081
0.00072

0.00073
0.00059

0.0007
0.00077

0.00068
0.00051

Air Flow Rate (avg ): Ils

oo
w
w

oW

o~
Soc000
OO
[ICTICTIE

o
—e
OO DGO COLO—IHGLD

o
o
—
=5
>
=

47
4.56667
458333
453333

3.83333
4

3.58333
378333

3.03333
2.9

4 318333

3.23333

253333
2.9
243333

4AFE

comucn  som—ucn.=lONitiON Timing : Degre<

Exhaust Emission

ooro
Si~ohoo

CORORY OOROWORY OGO UT O—IHOW —ISORIW ORUICT  ©W—1—I00

oG

97

wewwas DryBulb Temp:°c

~r3 Wet Bulb Temp :°c

=
(=2
(=3

Pressure : kPa

—_
o
[==3
o

Temperature : °c

Exhaust Temp. : °c

(SISl alsy)
o=
Cico—

Th. Opening : %

SRS CICICIOT ~I—I—I—]  ©©



5 mixture loop test IAFE

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

E £ £ 3 = &

£ g 8 £ & 5 ¢
2 e = S = =

fin] i ] = R E S
11200 105  29.88 0.00163 6.05 9
2 1200 104 2988 0. 146 6.03333 10
3 1200 99 2988 0. 132 ) 13
4 1200 8y 2988 0. 114 6.05 25
5 1200 89  29.88 0.00121 6.05 16
1 1200 84 271 0. 122 9.66 7 il
2 1200 90 27 0.00139 95 10
3 1200 76 271 0. 108 9.78333 20
4 1200 83 27 0.00116 9.85 16
1 1200 76 24 0. 116 8.6 13
2 1200 69 24 0.00103 8.48333 10
3 1200 59 24 0.00092 8.85 24
4 1200 73 24 0.00112 8.5 12
1 1200 62 21 0. 103 7.08333 15
2 1200 51 21 0,0 82 1 21
3 1200 58 21 0.0009 7.03333 20
41200 63 2 011 6.9 1
1 1200 43 18 0.0 83 558333 14
2 1200 4] 18 0.0 77 5.63333 22
3 1200 47 1 0.0 95 55 13
4 1200 40 1800 75 5.6 23
1 1200 29 15 0. 066 4.23333 22l
2 1200 3H 15 0.0 83 4.15 16
3 12 3H 15 0.00078 44 17
i1 3% 5500 75 42 20
1 1200 20 12 0.00 7 3.13333 19
2 1200 19 12 0.00057 3.3 21
3 1200 21 12 0.00061 3.08333 20

97

Exhaust Emission

I Gl O—to ks Pk d oo Ishoroon
—
w
~

<323 Dry Bulb Temp : °c

mrarrans - Wet Bulb Temp ;%

—
=

f=2
(=3

Pressure : kPa

Temperature :°c

cooling

Qutlet : °c

238 Exhaust Temp. :'c

(=33
—

601
573

[Sal
I~
=

Th. Opening : %

44!



-l 1J mixture loop test AAFE 97

Date of experiment: June 1996 //
Note; Tests on TOYOTA engine 4A-FE / 97 RON ULP

Exhaust Emission Lub. ail cooling
© 8
g = 8 3 = = g £ = g g /] = gz ¢
= £ £ £ g g £ ° 5 2 E b & £ 3
5 = = § £ 2z 2 ° = 3 2 § & & 3
> = < =z (s = = B o =
- = z, =
1 1500 102 2975 00017 775 1094 1323 133 30 25 163 000 75 84
2 1500 106 29.75 0.00189 11 10 312 1252 180 32 26 763 000 1 84
3 1500 107 2975 0,002 18 9 483 1178 208 3?2 26 163 000 12 84
4 1500 93 29.75 0.00155 1.7 13 011 1248 85 33 26 763 000 76 84
1 1500 89 21 000154 125 3 12 129 127 3 26 763 000 76 84
2 500 78 21 0.00136 12.7333 7009 1207 101 33 26 163 000 76 83
3 500 85 27 000145 126 5 034 1283 86 33 26 763 0 76 84
4 500 i 27 000131 1285 2 008 1154 130 3 26 763 000 75 83
1 500 13 24 000132 1115 5 0n 128 123 33 26 763 000 ) 83
2 500 16 24 000144 1115 3 221 125 158 3 26 763 000 16 83
3 500 5 24 0.00137 11.0333 4129 121 131 3l 26 163 000 16 83
4 1500 71 24 000122 116 24 007 1198 139 3 26 763 000 75 83
1 500 62 20 000122 935 16 18 125 149 33 26 763 1000 75 83
2 500 63 21 000136 915 4 434 1169 200 34 26 763 1000 5 83
3 500 65 21 0.00132 9.03333 5 345 1201 194 4 26 763 10 75 83
4 500 57 21 000111 9.43333 9 026 1245 119 3 26 763 1000 74 83
1 500 52 8 0.00111 7.63333 21294 1203 21 33 26 763 000 74 82
2 500 50 8 0001 73 24 099 1251 192 33 26 763 000 4 83
3 500 51 0.00107 1.6 22 218 1225 210 3 26 163 0 74 83
4 500 48 18 0.00095 755 % 036 124 162 3l 26 763 10 73 82
1 1500 37 15 0.00097 54 22 559 1001 293 3 26 763 0 73 82
2 1500 35 5 000081 5.63333 241 06 1275 165 33 26 163 0 7 82
3 1500 38 5 0.00087 5.28333 23 220 1246 223 33 2 163 000 1 82
4 1500 kY 5 000076 555 28 013 1199 162 3 26 763 000 7 82
1 1500 23 2 000076  4.25 25 409 1164 243 3 25 763 1000 Ll 81
2 1500 19 2 0.00063 41 0 032 24 156 kY 25 163 0 il 81
3 1500 8 2 000056 4.5 % 014 93 1216 3 25 763 000 10 81
4 1500 23 2 000071 395 26 24 1235 204 2 25 763 000 1 81

Exhaust Temp. :°c
Th. Opening : %

[NC1NE]
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OB O1  CooocOoco

—

—
ROPORORS



5 mixture loop test | AAFE 97

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

Exhaust Emission

E £ £ 3 3 B

= = 4 = & = <
i5 ] E £ é § = 38 0
i E § & 3 & g

U S
1 800 114 29.88 0.00253 96 13 520 1228
2 800 115 29.88 0.00231 9.61667 15 274 1365
3 800 111 29.88 0.00213 9.53333 15 119 1406
4 800 104 29.88 0.00197  9.55 16 042 1365
5 800 04 2988 000183  9.65 18 015 1278
1 800 9% 27 0.00197 9.93333 15 22 1391
2 800 04 27 0.00184 9.93333 17 104 1408
3 800 88 27 000171 9.98333 19 035 135
4 800 80 27 0.00156 10.0667 25 01 1241
1 1800 1 24 000155  12.95 2053 1375
2 1800 68 24000142 13.1167 24 013 1264
3 1800 82 24 000171 126333 19 187 1399
4 1800 52 24 000127 134 30 011 1082
1 1800 59 21 0.00128 11.0333 21022 13.09
2 800 39 2 000111 122 B 0112 1034
3 800 53 21 000118 115333 A 01 1202
4 800 63 21 000136 112 24 045 1358
1 1800 45 18 0.00113 9.2 25 04 134
2 800 2 18 0.00098 9.13333 3016 1105
3 800 4 18 0.00104 9.46667 32 015 1244
4 800 49 18 0.00119 9.23333 24 08 1381
1 1800 35 15 0,00099 7.08333 2% 077 138
2 800 12 15 0.0008 14 35 02 911
3 800 26 15 0.00087 13 A 017 1213
4 800 36 15 0.00107 73 23 202 1389
1 2100 108 29.88 0.00271 11.4333 15 435 1301
2 2100 08 29.88 0.00217 11.4333 2 028 1362
3 2100 105 29.88 000242  11.35 19 175 1405
4 2100 104 2988 00023 1145 4 098 1412
5 2100 107 29.88 0.00256 11.4333 17 295 1354

=
(=2
.

\4

353 Dry Bulb Temp ;¢
~>r Wet Bulb Temp : °c
Agr, TS
Pressure : kPa
Temperature : °c
Exhaust Temp. :°c

[JETIN)

OO~

—

SHCO OO

-~ ocororOUT—

[SS1I%)

==
D DDODOIHD
-

44!



5 mixture loop test AAFE 97

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

Exhaust Emission

B £ ® 3 5 &
£ g 8 £ & ¢ g =
=y > = = - p=]
&&= = 5 F
1 2100 93 27 0.00217 179 22 1.76 3.97
2 2100 79 27 0.00187 179 28 0.12 2.13
3 2100 87 27 0.00201 179 26 0.41 3.94
4 2100 82l 27 0.0019 18 21 0.15 3.12
1 2100 17 24 0.00188 16.3833 25 14 402
2 2 63 24 0.00161 17.1 3 0.1 1.98
3 2100 12 24 0.00175 16.3833 28 0.3 3.64
4 2100 57 24 0.00175  17.25 32 0.09 0.96
1 2100 b4 21 0.00145 14 0 0.15 2.85
2 2100 62 21 000174 13.7667 22 2.82 3.46
3 2100 60 21 0.0016 13.8833 26 1.15 3.98
4 2100 h8 21 0.00153 13.6833 28 049 1381
1 2100 48 18 0.00156 11.0333 2 45 12.69
2 2100 38 18 0.00122 11.3333 30 0.14 2.14
32100 47 18 0.00138 10.9 28 148 3.89
4 2100 45 18 0.00132  11.55 29 0.67 3.88
1 2100 Kl 15 0.00133 8.48333 25 53 1224
2 2100 21 15 0.00101 8.9 35 014 1225
3 2100 2 15 0.00113 8.38333 21 1.25 141
4 2100 kil 15 0.00108 8.45 30 072 1413
1 2500 124 29.88 0.00314 13.7 20 078 1462
2 2500 117 29.88 0.00282 13.7 26 0.09 13.66
3 2500 122 2988 0.003 13.65 23 0.22 145
4 2500 127 29.88 0.00349 13.7333 19 3.67 13.2
1 2500 102 27 0.00282 24,0833 20 236 1393
2 2500 8 27 0.00215  24.65 30 0.11 12
3 2500 99 27 0.00252 24.2333 26 02 1432
4 2500 103 27 0.00305 24 20 453 1267

—
=

(=
(=3

Wet Bulb Temp : %
Pressure : kPa
Temperature : °c
S Exhaust Temp :°c
Th. Opening : %

(%)
-
=3}

were Dry Bulb Temp :°c




Run number

PO DO UTRWR— . WO W RN oo

5

S Engine Speed : rpm

2500

83533 Engine Torque : Nm

mixture loop test

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

> MAP:abs press."Hg

fuel flow rate I/sec

R PO RO G
Ol OIN01IO PR OO
OO OCOWIRIW —JLOROO

0.00294
0. 00296

Air Flow Rate (avg.): Ifs

rOrRO
—
[S2TICN N G}

21,333
21,

—
rocot

1

18.05
182
184
15.35
15.1833
153
14.9333
11.6667
11.35
11.8333

16.7333

28.9833
29.6833

30,15
28.3333
26.5833
25.1333

4 26,5333
25.95

r3n3een|gnition Timing : Degre<

Exhaust Emission

~NOoNY PO imoiour

P BoOwW oW ©O-INY  —IOME GO WHo

97

Dry Bulb Temp : °c

~ Wet Bulb Temp : °c

E
S

Pressure : kPa

000

o
ODOoOO

Temperature : °c

Exhaust Temp. : °c

oo
~N
oS

Th. Opening : %



mixture loop test | AAFE 97

Date of experiment: June 1996 /

|
Note: Tests on TOYOTA engine 4A-FE / 97 RON ULP

Exhaust Emission

B £ 0 5 % F
= & = = & =
= & g § = B s :

0 0 = = g
13000 60 21 0.00216 225833 2 012 1328
2 3000 7 21 0.00281  22.05 21 507 1221
33000 69 21 0.00237 2185 2 0.61 145
4 3000 58 21 0002 22.3833 38 011 12.23
13000 55 18 0.002 18.1833 34 043 1448
2 3000 18 0.00157 1885 36 0.17 9.04
33000 51 18 0.00221 17.9833 32 321 1321
43000 52 18 0.00193 183 35 021 1432
1 3500 118 29.75 0.00449 19.6333 20 387 1193
2 3500 116 29.75 0.00406 19.4833 23 13 1292
3 3500 106 29.75 0.00359 19,5333 29 017 1225
4 3500 76 29.75 0.00308 19.4833 36 0.24 9.69
1 3500 81 27 0.00316  20.75 26 0156 1219
2 3500 60 27 0.00281 209 K] 0.24 9,75
3 3500 9% 27 0.00381 20.6 22 1.67 133
4 3500 97 27 0.004 20.3333 17 287 1281
1 3500 80 24000318 27.05 26 105 1337
2 3500 09 24 0.00272 27.5833 33 0.14 12.1
3 3500 78 24 0.00302 27.4167 28 044 1324
4 3500 83 24 0.00342 27.2833 23 244 1294
1 3500 64 21 0.00279 25.0333 23 149 1336
2 3500 42 21 0.00215 25.5833 38 029 1037
3 3500 06 21 000344 24.9333 22 322 12.64
4 3500 53 21 0.00232 248 32 017 1201
1 3500 48 18 0.00233 20.8 232 151 1335
2 3500 46 18 0.00212 209 30 032 1312
3 3500 50 18 0.00284 20.8833 22 0.95  10.62
4 3500 4 18 0.00198 211 3H 016 1716

=
=2
(=R

Dry Bulb Temp :°c
Wet Bulb Temp : °c
Pressure : kPa
Temperature : °c
Th. Opening : %
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SO OO
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[Se N}

"|—><Yb3

xperiment: June 1996 //

~N

I5on TOYOTA engine 4A-FE / 97 RON ULP
reyffy 768.2 Ko/m*

cooling

Lub. o

Exhaust Emission

%: buado yL 8

9, "dway 1sneyx3 % %8@ m

R QEOR
Lk

?Emm

%190
9, anjeadwa]
el Inssald
BH-ww ;
%: dwsLang 1M @ RAR
% dusLang Mg BB g
Wdd:OH
wwo  TEES
%: 0D @ % _M

9463 : Burui] uoniuy Kab 9)

—i—
[aedagd

$/| | fine) a1ey moj Ay [BE3E3ES

~N ooy

295] 8124 MOJ} [an)

B 'ssaad Sqe: v

29.75110.00472
29.75 0.0042
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)J mixture loop test IAFE R

Date of experiment: June 1996 //
Note: Tests O TOYOTA engine 4A-FE / 92 RON ULR

Exhaust Emission Lub. ail cooling
= = P 5 = & Ty s 2
5 = - Wz & 3 o ¢ = £~ = X < o o
E B 2 g = B2 Z a = F = 2 3
= 5 & $§ z & & 8 , o = = E z
g g g ¥ 2 = 3 = 6 3 ¢ E £ S
. =z E = =
1 900 100 30 0.00118 4.6 1 13%H 1318 4 20 764 1000 7 85
2 900 94 30 0.00106 475 4 01l 1261 650 34 20 764 1000 75 84
300 1 30 0.00125 4.56667 0 305 1251 8 34 26 764 1000 85
4 900 102 30 0.00131 4.66667 0 48 1165 874 34 20 764 1000 75 8
1 900 88 27 0.00105 6.91667 3225 1284 0 410 34 26 764 1000 I 84
2 9 10 27 000081  6.65 9 007 1109 ~ 282 U 26 764 1000 3 83
3900 83 27 0.00093 i 5 015 1287 0 327 u 26 764 1000 13 84
4900 88 21 000109 685 2 32 1236 407 U 26 764 1000 14 84
1900 10 24 0.0008 6.1 9 012 1392 203 U 26 764 1000 3 83
2 900 6/ 24000077 605 12 006 1307 209 34 26 764 1000 3 8
3900 5 24-0.00088 6.01667 8 087 1439 238 R 26 164 1000 3 83
4900 16 24 0.00102 5.98333 753 1214 33 34 26 764 1000 73 83
1900 61 21 000078 475 1 11 1424 269 R 26 764 1000 i 83
2 900 53 21 0.00067 4.98333 17 007 1244 230 A 20 7641000 n 82
3 900 63 21 0.00083 4.81667 14 283 1342 324 34 20 764 1000 1 83
4 900 62 21 000083 4.61667 1329 1337 32 34 26 764 1000 1 83
5 900 60 21 0.00095 5 n 75 1075 39 33 26 764 1000 il 8
1 900 48 18 0.00072 3.96667 13 218 1343 3% 34 26 764 1000 1 82
2 900 41 18 0.0006 3.88333 20 008 128 348 U 26 764 1000 1 8l
3 900 4 18 000075 415 10 404 127 340 33 26 764 1000 10 2l
4 900 46 18 0.00079 4.16667 10 61 1155 385 34 26 764 1000 101 82
i 900 33 15 0.00058 3.78333 16 105 1387 261 33 26 764 1000 10 82
2 900 24 15 0.00049 35 20 01 114 749 33 26 7641000 69 8l
3900 3 15 0.00068 39 L 693 109 3l 3 26 164 1000 69 8l
4 900 34 15 0.00059 3.58333 B 226 1358 281 3 26 764 1000 69 81
190 20 12 0.00051 2.76667 20 35 1 B3 3 26 764 1000 68 8l
2 900 19 12 0.00048 3.03333 2189 1305 290 3 25 764 1000 68 8l
3900 20 12 0.00049 2.78333 0 263 1 306 33 25 7641000 68 8l
4 900 19 12 0.00054 3l 7 48 1212 383 33 25 764 1000 68 8l

Inlet :'c
Th. Opening : %



6 " mixture loop test iX IAFE

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Specific gravity 754.3 Kg/im3

Run number
Engine Torque : Nm
MAP:abs press."Hg
fuel flow rate I/sec

Air Flow Rate (avg ): Ifs
Ignition Timing : Degre<

5 Engine Speed : rpm

1 100 30 0.0016 6.06667 1
2 1200 90 30 0.00128 6.03333 )
3 1200 84 30 0.00119 6.03333 7
4 1200 79 30 0.00114 b 9
11200 8l 270.00115 10.0667 9
2 1200 10 27 0.00104 10.1833 15
3 1200 83 27 000129 10.05 I
4 1200 74 21 00011 101333 8
11200 1/ 2410.00105 885 14
2 1200 73 24 0.00111 8.78333 12
3 1200 b4 240.00094 8.83333 16
4 1200 59 24 000001 89 19
1 1200 8 21 0.00089 7.26667 16
21200 61 21 0.00008 715 14
3 1200 44 21 0.00074 11 32
4 1200 61 21 000092 725 18
1 1200 47 18 0.00085 5.83333 18
2 1200 3 18 00007 555 32
3 1200 42 18 0.00076 595 23
41200 4 18 0.00078 5.66667 2
1 1200 32 15 0.00069 475 19
2 1200 kil 15 0.00069 4.88333 20
3 1200 34 15 0.00075 4.51667 19
1 1200 20 12 0.00057 39 23
2 1200 15 12 0.00051 3.56667 25
3 1200 19 12 0.00055 3.46667 23

1500 108 30 000208  7.75 9
2 1500 90 30 0.00159 8 8
3 1500 8l 30 0.00152 _ _T.75 9
4 1500 100 30 0.00168 7.76667 8

Exhaust Emission

o100 WU W Do
—
N
o
>

OO I B Ul W
(&5 BN = o1 [JCN N IE) ~OooLwo COLOOHO

iR

KRR KR DryBulbTemp:°c

Wet Bulb Temp : °c

POPOPOND

—

roro
[orlerlerTor SiE e e M e 2o

[elpe]

R

=
(=2
(=3

Pressure : kPa

Temperature :°c

cooling

QOutlet : °c

Exhaust Temp. :°c

al=r] oHOYOHYO
—~J— RRwWwWo
DL WOt S

615

Th. Opening : %



6

Run number

ORI ORI WL BPOR—

O TR ONI— SO OO —

1

\Y4

Engine Speed :rpm

500

[Salsalsal
(== lew]

Engine Torque : Nm

mixture loop test

Date of experiment: June 1996 //
Note; Tests on TOYOTA engine 4A-FE / 92 RON ULR

MAP:abs press "Hg

fuel flow rate I/sec

0.00096
0.00087

0.00074

0.00069

0.00254
0.00239
0.00236
0.00227
0.00201
0.00188

Air Flow Rate (avg ); Ils

—_

,_.
3%

e

OB

OGSt

oGO0

(35195125130

11.9833
12

11.95
11.9333

9.93333
10

9.96667
10.0333

783333
791667

7.85
773333
5.96667

5.66667
5, 88333

=e=  lgnition Timing : Degre<

Exhaust Emission

PRO

= ko Rk Gloin

(32
OO PO o RO [SaldbTes)

o

HC: PPM

Dry Bulb Temp °c

Wet Bulb Temp : °c

=
(=2
=1

Pressure : kPa

Temperature :"'c

Inlet :°c

Exhaust Temp. :°c

[orl=2l=21=2)
WO
rRoco

Th. Opening : %
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PRSI NS
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6 mixture loop test AAFE R

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Exhaust Emission
. B 2 £ 3 - %
E 3 ¢ ¢ g 5 g & ¢
S & 2 8 5 2 g
2 & & § € 8 § ° °
e 2 < s T =
weow =T 5 5
1 800 90 27 0.00184 10.9167 13 186 3.53
2 800 88 21 0.00179 10.9333 12 125 1341
3 800 86 21 000171 111 L 045 345
4 83 21 0.00162 109 8 019 2.83
1 800 80 24 0.00168 141 18 158 3.89
2 800 18 24 000157 139833 20 093 3.5
3 800 I 24 000149 139 231 04 3.24
4 800 70 24 0.00162 14.2333 26 014 126
1 800 62 21 0.00129 127 25 039 2.78
2 800 55 21 0.00122 12.7667 28 012 2.07
3 800 04 21 0.00136 126167 24054 1296
4 800 06 21 0.00141 125 2 093 133
1 800 3l 18 0.00094 10.5833 B 013 969
2 800 47 18 0.00109 10.3 37 025 1269
3 800 50 18 0.00119 10.2167 20 104 1333
4 800 49 18 0.00116 1015 2 0 132
1 800 34 15 0.00096 7.8 24055 133
2 800 17 15 0.00079 7.98333 3l 019 1026
3 800 22 15 0.00082 8.08333 21 018 1134
4 800 3 15 0.00093 8,01667 21 037 131
1 2100 [l 30 0.00176 11.3167 0 01 1009
22100 9% 30 0.00207 11.4167 20 019 118
32100 100 30 0.0024 114167 14219 132
4 2100 1 30 0.00248 113 71 22 1352
5 2100 m 30 0.00266 11.3833 7 388 1265
1 2100 62 27 000165  19.15 21 011 1023
22100 83 27 000189 1845 22 0.8 128
3 2100 920 27 0,002 17.9833 20 03 1364
42100 % 21 0.0022 179 19 198 1324

=
=
=3

HC:PPM
Inlet :"c
. Opening : %

Pressure : kPa
Temperature : °c

Dry Bulb Temp : °c
Wet Bulb Temp : ‘¢
Exhaust Temp. :°c
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—
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116 mixture loop test IAFE R

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Exhaust Emission

E £ £ 3 3 &
£ 2z 3 &8 & £ 2 =& ¢
= 5 & F I & E 8
E & =2 £ £ 5 - < °

=4 =3 =< I s =

i, i, = = = =3
12100 56 24 000141 1775 39 008 979
2 2100 74 24 0.00178 17.0333 18 075 1389
3 2100 7 24 0.00189  17.15 2 15 135
1 2100 40 21 0.00122  15.05 A 01 10.06
2 2100 55 21 0.00141 14.7667 21 015 1235
32100 62 21 0.00157 14.7167 3 059 1343
4 2100 65 21 0.00163  14.75 25 179 134
1 2100 23 18 0.00103 12.1833 33 0.14 9.75
2 2100 35 18 0.00111 12.1667 K 011 1105
3 2100 45 18 0.00125 12.0333 34 025 1284
4 2100 48 18 0.00134 12 21 098 1348
12100 26 15 0.00101 9.31667 26 0.17 125
2 2100 17 15 0.00089 9.41667 30 015 1078
32100 3 15 0.00105 9.43333 3 057 1366
4 2100 36 15 0.00118 9.33333 28 196 1354
r 2100 20 12 0.00088 6.2 39 094 11
2 2100 15 12 0.00078 6.7 43 0.2 12.7
32100 2 12 0.00098  6.65 29 37 1299
1 2500 126 29.75 0.00346 13.6833 19 37 2
2 2500 125 2975 10,0038 13.6833 18 697 1045
3 2500 6 29.75 0.00222 13.4833 13 03 4,68
4 2500 116 29.75 0.00289 136 20 013 1267
5 2500 123 2975 000327 136 8 173 128
1 2500 92 27 0.00233 24.0667 25 013 1205
2 2500 7 21 0.00203 24,5833 3 011 1022
3 2500 103 27 0.00281  23.85 26 248 1249
4 2500 104 27 0.00302 23.9167 21 519 1123

,_
f oy

(=2
=3

c

Kere3 DryBulb Temp <.
p,m:mm-Hg
Pressure : kPa
Temperature :-c
& Exhaust Temp. ;-
Th. Opening : %

53 333 Wet Bulb Temp :-c

et —d—d—1
[Salsplsyisy] [Salsalsn)
S oronoion . olonon

—

€47



6 mixture loop test AAFE R

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Exhaust Emission

B £ £ 35 = &
£ g 8 £ &g g g ¢ °f

E 5 £ g = & £
5 =2 = £ £ sz 7 °

2 2 < 3 - =

& oaw = = 5 F
1 2500 17 24 000201 21.3667 3 011 1167
2 2500 71 24 00019 21.6333 32 012 1097
3 2500 83 24 0.00218 21.0167 29 021  12.78
4 2500 80 24 0.00238 20.8167 25 134 1283
5 2500 87 24 0.00287 20.8667 25 772 1004
1 2500 60 21 0.00173 18.6 32 013 1145
2 2500 39 21 0.00148 18.8667 44 0.13 8.59
3 2500 10 21 0.00203 18.2 25 105 1293
4 2500 7 21 0.00226 18 24 416 1165
1 2500 55 18 0.0017 15.0333 30 095 1282
2 2500 43 18 0.00142 15.0833 3 012 1151
3 2500 55 18 0.00208 14.9833 25 1. 10.35
4 2500 56 18 0.00196 15.0333 20 462 1142
1 2500 30 15 0.00126 11.8833 34 035 1137
2 2500 41 15 0.0018 12.1667 30 8.48 9.78
3 2500 40 15 0.00153 11.8167 3l 293 1198
13000 120 30 0.00435 171 26 610 1116
23000 99 30 0.00301 17.0167 28 017 1201
3 3000 109 30 0. 32 16.8167 25 015 1308
43000 114 30 0.00337 16.8333 24 0.21 13.7
5 3000 119 30 0. 364 17.0833 23 128 1375
13000 9% 271 0.003 29.4167 25 0.35 14
2 3000 101 27 0.00364 29.5833 22 482 1199
33000 84 27 0.00268 29.9 28 016 1252
4 000 91 27 0.00276 29.8833 20 0.14 13
13000 70 24 0.00264 21,7167 28 382  12.66
2 3000 41 24 000179  22.35 34 022 1066
3 3000 64 24 0.00213 21.9667 21 016 1344
4 3000 56 24 000194  22.25 32 016 1249

=
(=2
2.

&3 DryBulb Temp :°c
Pressure : kPa
Temperature : °
Inlet :°
Exhaust Temp. :°c

35333y Wet Bulb Temp @ °c
o
SS38

s Th Opening : %




6 A mixture loop test AAFE R

Date of experiment: June 1996 //
Note: Tests on TOYOTA engine 4A-FE / 92 RON ULR

Exhaust Emission Lub. oil cooling
5 = = f B % g . = < Z y £ 9
€t 3 &8 & g - g t = 7§ 5§ 5 S 5 -
= & § &5 £ g £ - E & 2 =
= <2 = 8 5 x = 3 L 5 = 2 B
e £ 2 & = 3 S T = @ d & e ©
2 = £ 3 T 3 s £ - e

13000 69 21 000255 217 0 493 1256 3 34 27 7615 1000 93 82
23000 2 21 000164 229 36 014 727 2560 3 28 7615 1000 86 8l
33000 49 21 0.00197 22.2833 A 019 1224 17 34 23 1615 1000 88 8
43000 53 21 0.00197 22.2667 29 0o 129 D 28 7615 1000 9 8
5 3000 60 21 0.00209 22.1667 29 015 1339 106 3% 28 7615 1000 2 8
1 3000 56 18 0.00206 18 27 213 145 0 M 3 277615 1000 89 82
23000 28 18 0.00153 1838 A 0l 8.7 2098 k7 217615 1000 86 8
33000 52 18 000192 1815 3 091 146 208 kX 21 7615 1000 89 8
1300 114 30 0.00437 19.6167 24269 1303 19 40 29 760 1000 105 83
2 3500 Ji) 30 0.00309 1955 B 0L 98 688 40 29 760 1000 99 8
3 300 97 30 000344 19,65 0 016 1237 57 40 29 760 1000 102 82
4 3B 1 30 0004 196333 2 104 1356 9 il 29 760 1000 105 83
5 3500 106 30 000381 196 5 037 13 yZ 40 29 760 1000 104 8
1 3500 9% 27 0.00378 21.3667 29 247 13 163 4 29 760 1000 105 83
2 3500 68 27 000282 21.7667 3 02 1059 482 41 20760 1000 100 8
33500 82 27 000301 214 R 01 1246 69 40 29 760 1000 101 8
43500 90 27 0.00325 21.5333 28 03 1323 4 40 29 760 1000 103 8
1 3500 19 240.00324 27.7167 24 253 13 166 41 29 760 1000 103 82
2 3500 52 24000238 282 3014 917 83 40 29 760 1000 9% 8
3 3500 66 24000262 218 3 019 1913 1M 40 29 760 1000 98] 8
4 3500 IR 24 0.00286 27.7333 29 043 B2A 92 40 29 760 1000 1 8
1 3500 64 21 000292 24.7833 24304 1268 18 40 29 760 1000 101

2 3500 3 21 000197 261 A 028 9% 778 3 29 760 1000 94 8l1
3 3500 49 21 00022 25,5667 3017 1148 4% 3 20 760 1000 9% 811
4 3500 62 21 0.00265  24.95 26 1450 132 150 29 760 1000 99 8
1 3500 ) 18 0.00199 21.3333 N 04 1284 16 % 29 760 1000 97 82
2 3500 49 18 0.00235 21.0833 20 273 128 112 30 20 760 1000 93 8l
33500 5 18 00017 21.3833 % 016 1017 90 3 29 1760 1000 93 8l
4 3500 % 18 000189 214 29 02 1145 398 3B 29 760 1000 9% 8

Exhaust Temp. : °c

RR3R3R3R2 - Th. Opening @9
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B.thermal eff. %

B.thermal eff. %

169

B. ,hvs. B.torque 4A-FE 1600 cc.at 900 rev/min.:fuel RON98
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A
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20 : 9/
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10 /' |
5 I'/ i
£
0
0 20 40 60 80 100 120 140
B.torque N.m
)900 rev/min
B.rflh vs. B.torque 4A-FE 1600 cc.at 1200 rev/min.:fuel RON98
35 — —
30
25
20
15 +— t
10 ‘i T
5 |
!
0 l
0 20 40 60 80 100 120 140
B.torque N.m
) 1200 revimin
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B.thermal eff. %

B.thermal eff. %
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B.rith VS. B.torque 4A-FE 1600 cc.at 1500 rev/min..fuel RON98
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) 1500 rev/min

B.tijh vs. B.torque 4A-FE 1600 cc.at 1800 rev/min.:fuel RON98
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B.thermal eff. %

B.thermal eff. %
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B.tith vs. B.torque 4A-FE 1600 cc.at 2100 rev/imin..fuel RON98
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B. L vs. B.torque 4A-FE 1600 cc.at 2500 rev/min.:fuel RON98
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B.thermal eff. %

B.thermal eff. %
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., Vs. B.torque 4A-FE 1600 cc.at 3000 rev/min.:fuel RON98
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. L vs. B.torque 4A-FE 1600 cc.at 3500 rev/min..fuel RON98
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B.thermal eff. %

B. h vs. B.torque 4A-FE 1600 cc.at4000 rev/min.:fuel RON98
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A(0) OEM 4A-FE

98



B.thermal eff. %

B.thermal eff. %
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B.TiK, vs.B.torque 4A-FE 1600 cc.at 900 rev/min..fuel RON97

}/ﬁ = |
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B.torque Nm
) 900 rev/min

140

Brilh vs. B.torque 4A-FE 1600 cc.at 1200 rev/min..fuel RON97
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B.thermal eff. %

B.thermal eff. %

B.rjth VS. B.torque 4A-FE 1600 cc.at 1500 rev/min.:fuel RON97
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B.thermal eff. %

B.thermal eff. %
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B. 11 vs. B.torque 4A-FE 1600 cc.at 2100 rev/min.:fuel RON97
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) 2100 rev/min

Burith vs. B.torque 4A-FE 1600 cc.at 2500 rev/imin.:fuel RON97
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B.thermal eff. %

B.thermal eff. %
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B .ti* vs. B.torque 4A-FE 1600 cc.at 3000 rev/min..fuel RON97
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B.themial eff. %

BTt vs. B.torque 4A-FE 1600 cc.at 4000 rev/min.:fuel RON97
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B.n,, vs. B.torque 4A-FE 1600 cc.at 900 rev/min.:fuel RON92
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Burith vs. B.torque 4A-FE 1600 cc.at 1200 rev/min.:fuel RON92
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thermal eff. %
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B. h vs. B.torque 4A-FE 1600 cc.at 1500 rev/min..fuel RON92
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B. th vs. B.torque 4A-FE 1600 cc.at 1800 rev/min.:fuel RON92
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B.thermal eff. %
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B.thermal eff. %
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B. ,h vs. B.torque 4A-FE 1600 cc.at 2100 rev/min.:fuel RON92
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Burflh vs. B.torque 4A-FE 1600 cc.at 2500 rev/min.:fuel RON92
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B.T)h vs. B.torque 4A-FE 1600 cc.at 3000 rev/min.:fuel RON92 -

N 40 60 & 0 1 1

B.torque Nm

) 3000 rev/min

Br)th vs. B.torque 4A-FE 1600 cc.at 3500 rev/min.:fuel RON92
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MIXTURE LOOP TESTS
BT)thvs. B.Torque 4A-FE 1600 cc.at 900 rev/min.:fuel RON98

T

==
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1 X 4 . =
e
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® - 4 >
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+
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B.torque N.m

) 900 rev/min

MIXTURE LOOP TESTS
BrifjLvs. B.Torque 4A-FE 1600 cc.at 1200 rev/min.:fuel RON98

n
o

|
!

| 40 60 80 100 2 140
B.torque N.m

) 1200 rev/min
Mixture loop 4A-FE

98
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A MAP2T"
X MAP4

MAP2L"
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- MAP3("
- MAP2T"
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© MAPIS'

MAPI 5*
MAPI 2*
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MXTURE LOCP TESTS
B. hvs. B.Torque 4A-FE 1600 cc.at 1500 rev/min.:fuel RON98

AAA

1
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B.torque N.m

) 1500 rev/min

MIXTURE LOOP TESTS

B.gthvs. B.Torque 4A-FE 1600 cc.at 1800 rev/min.:fuel RON98
+ N
* A |

P 06
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B.torque N.m

) 1800 rev/min

Mixture loop

98

4A-FE

>
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- MAP2T"

- MAPA"
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MAP2I"
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B.thermal eff. %
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MXTURE LOCP TESTS
Biithvs BTague4ARE 16800 cc.at 2100 revimin:fud RONB
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B.torque N.m

) 2100 rev/min

MIXTURE LOOP TESTS
B.ri" vs. B.Torque 4A-FE 1600 cc.at 2500 revimin.:fuel RON98

A m g
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B.torque Nm

) 2500 rev/min
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