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ENGINE TEST CODE— -
SPARK IGNITION AND DIESEL—SAE J816b

SAE Standard

Report of Engine Committee approved April 1962 and last revised July 1971. Editorial change March 1973.

[This new standard test code has been adopted by SAE to supersede the
former SAE Engine Test Code—Nonturbocharged Spark Ignition and Diesel.
The new standard has evolved from that code and from the following former
SAE documents: SAE Gasoline Engine Test Code adopted in 1917, SAE
Diesel Engine Test Code adopted in 1931, and the 1963 publication des-
ignated as SAE J606 which referenced these two codes as one publica-
tion.

T}}ne purpose of this code is to provide a standard procedure covering
laboratory dynamometer test methods for determining performance character-
istics of diesel and spark ignition engines. It is applicable to four-stroke and
two-stroke cycle diescl engines, naturally aspirated, mechanically super-
charged or turbocharged, with or without charge air cooling. It is also appli-
cable to all types of spark ignition engines except turbocharged spark ignition
engines on which definitive_power correction data are lacking. It is not

1.6 Engine

1.6.1 Basic EncINE is an engine equipped only with the built-in accessories
essential to its operation: fuel pump, oil pump, coolant pump, and built-in
emission control equipment. A generator or alternator is to be included only if
some accessories (such as a fuel pump) are electrically driven.

1.6.2 FuLLy Eguippep ENGINE is an engine equipped with all the accessories
necessary to perform its intended functions unaided. This includes, but is not
restricted to, the basic engine of paragraph 1.6.1 plus intake air system,
exhaust system, cooling system, generator or alternator, starter, and emission
control equipment.

2. Test Equipment Requirements—The required limits of accuracy concern
the instrument precision specified by the manufacturer of the instruments
used and do not include human or other probable errors involved in the
reading.

intended as a laboratory mapual or a2 method for establishing rated power or
for derating engines for altifude.

This code is composed of [the following Sections:

1. Definitions of Termihology

2. Test Equipment Requirements

3. Test Procedures

4. Computations

5. Presentation of Resylts

1. Definitions of Terminolggy

1.1 Power Output—Enfine power output shall be! expressed in units of
“horsepower,” equivalent to|550 ft-Ib/s or “kilowatts™ equivalent to 1000 J/s.

1.1.1 Onservep Power is the power actually developed by an engine under
the atmospheric conditions ¢xisting during the test.

1.1.2 CorrecTED Power |is the observed power adjusted to standard
atmospheric conditions, using the correction methods specified in para-
graph 4.

1.2 Gross and Net Power

1.2.1 Gross POweR is the| power output of a “basic” engine as defined in
paragraph 1.6.

1.2.2 Ner Power is the jpower output of a “fully equipped” engine as
defined in paragraph 1.6.

1.3 Brake Power—Brake power is the power available at the output
member(s) for doing useful fwork.

1.3.1 Maxmum Brake POwer? is the highest power developed at a given
speed.

1.3.2 Peak BRakE Powerf is the highest power developed within thelengine
speed range.

1.3.3 Peak Power EncINg SpEED is the speed at which peak{power occurs.
If peak power speed cannot be read easily due to flatness of the power curve, it
may be approximated as the average of the two engine speeds at which power
is 98% of its highest value.

1.3.4 IntERMITTENT BrRaKE Power is the highest-power recommended by
the manufacturer for satisfdctory operation within‘\the manufacturer’s speci-
fied conditions of load, speqd, and duty cycle;

1.3.5 ConTINUOUs BRAKE [POwER is the péwer recommended by the manu-
facturer for satisfactory opgration undef the manufacturer’s specified con-
tinuous duty conditions.

1.3.6 RateDp Brake Powsg is the/power specified by the manufacturer for a
given application at a given (rated)speed. (See paragraph 5.)

1.4 Friction Power—FFiciion power is the power required to drive the
engine as equipped during icti imated by
one of the following methods with sufficient accuracy for the purposes of this
code:

(a) Hot motoring method (preferred method, see paragraph 3.6.1.2).

(b) Calculated friction using mechanical efficiency equations or tables. (See
paragraphs 4.5.2.2 and 4.5.3.2.)

1.5 Indicated Power—Indicated power is the power developed in the
cylinders. For the purpose of this case, it is defined as the sum of the brake
power and the friction power.

1 Any specified condition or action preceded by “shall be” is a requirement of this code;
if preceded by “should be,” it is recommended but not required.

2Maximum and peak brake power are outside the usual operating range of commercial
diesel engines.

2. T Torque

2.1.1 Dynamometer and scale capacity shall be(cofhpatible with engine
size. Dynamometer shall be capable of maintaining load|and speed conditions
as defined in paragraph 3.

2.1.2 Dynamometer coupling drive between engine arjd dynamometer shail
be suitable for operation through the test/engine speed Fange with minimum
power loss or out-of-balance.

2.1.3 DyNAMOMETER BALANCE, CALIBRATION, AND SENSITIVITY

2.1.3.1 Scales shall be checked for zero scale reading with the dynamom-
eter frame in the neutral position.
2.1.3.2 Calibration of the dynamometer with the efgine running at some
fixed beam lead, for example,*100 Ib (445 N), may be chkcked by the addition
of a 100 Ib (445 N) weight to the opposite side, which should bring the scale
back to zero. This&hall be done for several different Iqads within the range
of expected operation’ and shall be repeated under statfc conditions. The re-
sult thus obtained shall be accurate within *=%,% of the observed full load
reading.
2.1.3.3\Sensitivity of the dynamometer and scaleq shall be checked by
adding $mall increments of weight until the pointer moves a readable amount.
Themagnitude of this weight, which is the sensitivity, shall not exceed Y% of
thé, observed full load reading. Several points shall bg checked within the
operating range.
2.2 Speed

2.2.1 Revolution counter shall be accurate within £%,% of the observed
reading or #10 revolutions, whichever is less.

2.2.2 Tachometer shall be accurate within %% of |the observed value if
the reading is used for computations.

2.3 Time—The time measuring instruments sha
+3,% of the observed reading.
2.4 Fuel System

2.4.1 The engine fuel system used in the test shall He in accordance with
the manufacturer’s specifications.

2.4.2 Fuel consumption measurement (mass or volyme) instrumentation
shall be accurate within *1% of the observed reading]

2.5 Temperatures

2.5.1 Temperatures shall be measured in degrees Faljrenheit using English
units or degrees Celsius using metric units.

2.5.2 Accuracy of instrumentation for measuring tgmperatures of 400°F
(204°C) or less should be %2°F (*1°C), and at temgeratures above 400°F
(204°C) should be +10°F (*£5°C).

2.5.3 The necessary temperature measurements angdl corresponding loca-
tions are as follows:

2.5.3.1 Temperature of the inlet air to the engine (ambient air) shall be
measured in a manner to get a mass average temperature. The temperature
shall be taken in the engine inlet air stream or within 6 in. (152 mm) of the air
inlet horn or air cleaner. Care should be taken to shield the thermometer or
thermocouple from radiant heat sources, and a sufficient number of locations
shall be checked to assure a representative average inlet temperature.

2.5.3.2 Cuolant Temperatures—Temperatures in liquid-cooled engines shall
be measured at the inlet and outlet of the engine. Temperatures in air-cooled
engines should be measured at point(s) specified by the manufacturer, su¢h as
spark plug(s) and cylinder head fin(s).

2.5.3.3 Oil temperatures shall be measured in the oil gallery.

2.5.3.4 Fuel temperature shall be measured at the outlet of the volu-
metric fuel measuring device if used. Fuel supply temperature should be
measured at the outlet of the primary filter for fuel injected engines and at the
carburetor for carbureted engines.

be accurate within
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2.6 Pressures
2.6.1 Pressures shal

11 be measured in pounds per square inch, inches of

mercury, or inches of water (pascals), either above or below atmospheric

pressure.

2.6.2 The necessary pressure measurements, the required instrument accu-
racies, and corresponding locations are as follows:
2.6.2.1 Air cleaner and piping restriction #0.1 in. water (=25 Pa).
2.6.2.2 Exhaust pressure measured within 6 in. (152 mm) downstream of

the outlet of the engi

ne exhaust system specified for the test +0.1 in. Hg or

#338 Pa. (See paragraphs 3.6.1.1 and 3.6.2.1.)

2.7 Atmospheric

Conditions

2.7.1 All measurements shall be made in a location representative of the
engine’s test environment.

2.7.2 Barometric pressure: aneroid or mercury barometer corrected for
temperature (accuracy *0.02 in. Hg or =68 Pa).

2.7.3 Wet and dry bulb temperatures shall be measured with a sling-
psychrometer or equivalent. The thermometers used shall be accurate within

engines, the intake manifold heat control shall be secured in the “off”” position
for the full throttle tests.

Adjustments shall be made before the test in accordance with the manu-
facturer’s instructions. No changes or adjustments shall be made during the
test except as indicated in the test procedure.

3.3 Run-In—The engine shall be run-in according to the manufacturer’s
recommendations. If no such recommendation is available, the engine shall be
run-in until power and fuel consumption are repeatable within 1% over a 4 h
period.

3.4 Fuels and Lubricants

3.4.1 Fuel used shall conform to the manufacturer’s specifications:

3.4.1.1 Spark Ignition Engines

(a) Record Research and Motor octane number and API gravity of liquid
fuel.

(b) Record lower heat value (LHV) in Btu/ft? (k] /m?) at 60°F (16°C) and
29.92 in. Hg (101 kPa), and composition of gaseous fuels.

3.4.1.2 Diesel Engines—Record ASTM ar other fuel specification and

*+0.5°F or £0.3°C.
2.8 Exhaust Sm¢
smoke testing. The U
tion and procedures
for engine smoke ev
-considered.?
Since these proced

pke—Diesel Engines—SAE ]255 should be used to guide
S. Public Health Service smoke measuring instrumenta-
re currently generally accepted and should be followed
hluation, especially when engine transients are to be

hres will be updated and added to over a period of time,

the current SAE H4ndbook should be consulted for proper diesel engine

exhaust smoke testin,
2.9 Engine Emi
Reports on measuren
A current list is as fe
SAE J170, Measu
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SAE J171, Measy
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SAE J215, Contin

SAE J244, Measu

SAE J900, Crankc
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the current SAE Haj
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3. Test Procedures
determining the foll
net power, and part

3.1 Description

3.1.1 Gross brake
power output versus

3.1.2 Net brake p
power output versus
graph 1.6.

3.1.3 Part throttle
various speeds to det
the obscrved brake p

3.2 Engine Inst;
representative unit
equipment used on

b when tests are to be run.

sions—SAE Recommended Practices and Information
ent of engine emissions are available to guide these tests.
lows:

rement of Fuel Evaporative Emissions from Gasoline
ber Cars and Light Trucks.

rement of Fuel Evaporative Emissions from Gasoline
ber Cars and Light Trucks Using the Enclosure Tech-

kment of Carbon Dioxide, Carbon Monoxide, and Ox-
in Diesel Exhaust.

ous Hydrocarbon Analysis of Diesel Exhaust.

Fement of Intake or Exhaust Flow in Dicsel Engincs.
hse Emission Control Test Code.

Monoxide Concentration Test Procedure.

hires will be updated and added to over a period of time,
hdbook should be consulted for proper engine ‘emissions
E to be run.

-This section contains the required test procedures for
wing engine performance characteristics: gross power,
throttle fuel consumption.

of Tests

bower test consists of a run_at-full throttle to determine
speed of the basic enginé as) defined in paragraph 1.6.
wer test consists of a run at full throttle to determine
speed of the fully equipped engine as defined in para-

fuel consumptiortest consists of a series of runs at
trmine the fuel consumption at specified percentages of
ower at, fufl-throttle.

hllation\and Adjustments—The test engine shall be a
vithin/the manufacturer’s specifications. All auxiliary
the” test engine such as fan, air cleaner, muffler, and

CerareNo AP gravity; kimemmatic-viscosity T gentistokes (m?/s) at 100°F
(37.8°C), and distillation in °F (°C) at 10%, 60%, 90%, and end point.*
3.4.2 Lubricating oil used shall conform‘with [the manufacturer’s recom-
mendations. Record oil performance level and SAE viscosity number of the
lubricant.
3.5 Test Conditions—Performdnce/data shall be obtained under stabil-
ized normal operating conditions, with an adeqyate fresh air supply to the
engine. Combustion chambers of)spark ignition ¢ngines shall be free of de-
posits. Test conditions, such ‘asinlet air temperakure, should be selected as
near to standard as possible (paragraph 4.3) in orgler to minimize the magni-
tude of the correction, factor.
3.5.1 No data shall\be taken until torque, spepd, and temperatures have
been maintained within 1% for at least 2 min.
3.5.2 Engirespeed should be held as nearly canstant as possible during a
run or readihgvand shall not deviate from the ndminal speed by more than
1% o= 10 rpm, whichever is greater.
3.5.3\Observed brake load and fuel consumptiof data shall be taken simul-
tanebusly and shall be the average of two stabilizedl sustained values which do
nét’vary more than 1%. A measuring interval of|not less than 30's shall be
used when measuring speed and fuel consumptjon with an automatically
synchronized counter timer combination; for hangl operation, the time inter-
val shall be not less than 120s.
3.5.4 Coolant outlet temperature in liquid-copled engines shall be con-
trolled at 190 = 10°F (88 = 5°C) unless otherwjse specified by the manu-
facturer.
3.5.5 Fuel temperature at the inlet of the diese
controlled to 100 £ 10°F (37.8 = 5°C).
3.6 Procedures
3.6.1 Gross Power TEesr
3.6.1.1 Engine Equipment and Settings—A basi
(see paragraph 1.6).
Air cleaner—shall be on a used system wjth equivalent restriction
Air preheat—optional

Radmtor_oﬁr}Liquid—cooled

engine fuel pump shall be

engine is used for this test

Fan—off

Fan or blower on, with air control mechgdnism operating normally—
Air-cooled

Muffler, exhaust pipe and tail pipc—off

Heat valve—warmed up positions

Timing—normal

Spark advance—normal

pumps shall be listed and described.
Spark ignition carbureted engines should be mounted on the dynamometer

stand at the installation angle specified for their application. If engine exhaust
is connected to a laboratory exhaust system, that system shall not cause a back
pressure exceeding the value specified by the manufacturer or a vacuum of
more than 3in. (76 mm) of water. If the engine air inlet is connected to a
laboratory air system, the system should neither supply air to the engine above
atmospheric pressure nor at a vacuum exceeding that specified by the manu-
facturer.

The generator (alternator) shall be disconnected if an external power source
is used for ignition and/or starting unless certain accessories such as the fuel
pump or coolant fan are electrically driven, in which case the generator or
alternator shall operate at a load sufficient to power them. On spark ignition

31f the U. S. Public Health Service Smokemeter is used, the Federal Register, Vol. 33,
No. 108 dated June 4, 1968, Part I, shall guide its use. Paragraphs 85.124, 85.125, and
85.126 are applicable.

Fuel pump setiing—norniat
Carburetor setting—normal
Emission controls integral with engine—normal
3.6.1.2 Procedure—Record data for at least five approximately evenly
spaced operating speeds to define completely the power curve between
600 rpm (or the lowest stable speed) and the maximum engine speed recom-
mended by the manufacturer.

On spark ignition cngines and on dicsel engines where motoring friction is
to be used, the measurement shall be taken with coolant inlet and oil gallery
temperatures within 5°F (3°C) of those observed during the power test.

3.6.1.3 Data to be Recorded for Test Documentation—Sec paragraph 5.
Speed

Torque or beam load (power, friction if measured)

*Kinematic viscosity at standard temperatures other than 37.8°C, such as 20 or 50°C,
may be used.
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Ambient air temperature, pressure, humidity
Fuel consumption
Laboratory exhaust system pressure
Fuel supply temperature
Inlet air pressure (if connected to laboratory system)
Oil and coolant temperature
The following data should also be recorded where applicable and for safety
of operation: :
* Oil pressure
Intake manifold temperature
Exhaust temperature
Exhaust back pressure (see paragraph 2.6.2.2)
Air cleaner and piping restriction
Ignition or injection timing
Fuel supply pressure
3.6.2 Ner Power TEesT
3.6.2.1 Engine Equipment and Settings—A fully equipped engine is used for
this test (see paragraph L62)

4. Computations
4.1 Definition of Symbols

Air preheat—if agjplicable—on
Air cleaner—on
Radiator—on®
Fan—on where applicable
Fan or blower on| air control mechanism operating normally—Air-
cooled
Muffler, exhaust gipe, and tail pipe—on, or system providing equiva-
lent restriction
Heat valve—normnfal
Timing—normal
Spark advance—normal
Fuel pump setting—normal
Carburetor—normnjal
Emission control ¢quipment—normal
3.6.2.2 Procedure—Sajme as Gross Power Test.
3.6.2.3 Data to be Reorded for Test Documentation—Same as Gross Power
Test, except air cleaner ahd piping restriction and exhaust back pressure are
required data. (See paragraph 5.)
3.6.3 Parr TurotTLE FuEL Consumption TEST
3.6.3.1 Engine Equiprpent and Settings—Same as Gross or Net Power Test,
whichever 1s applicable.
3.6.3.2 Procedure—Cqmplete data shall be recorded for at least five ap
proximately evenly spackd engine speeds to define the fuel consumption
characteristics of the engine over its intended operating range.

Data shall be recorded at load settings in accordance with the manufac-
turer’s recommendation.|If no such recommendation is available, the test
should be run at no load] 20, 40, 60, 80, and 100% of maximum lcad at each
speed.

3.6.3.3 Data to be Reorded for Test Documentation—Same as Gross or Net
Power Test. (See Fig. 2.

} Liquid-cooled

Units
Symbol Detfinition
English sl
A Correction for absolute temperature 460°F 273°C
B Barometric pressure in Hg Pa
C Correction factor
] Engine displacement in3 cm3
£ Correction for units of work 396,000 600,000
F Fuel consumption (iiquid) ib/h g/h
Fue! consumption (gaseous} 43 /min m3/min
G Power constant 5252 953
K Dynamometer constant G/R G/R
L Dynamometer scale reading b daN
M Time of fuel measurement min min
N Engine speed pm rpm
R Dynamomeler forque arm ft m
T Torgue 1b-ft daN'm
v Volume of fuel measured (liquid)® cm3 cm3
Volume of fuel measured (gaseous) 13 m3
w Mass of fuel b g
LHY Lower heating valve of gaseous fuels at
60 F {16 C) and 29.92 inHg (760 mm Hg) Btu/ft3 kd/m3
a Engine revolutions per cycle
d Air density Ib/ft3 ko/m3
e Water vapor pressuré.in atmosphere in Hg Pa
n Mechanical efficiency Yo To
t Ambient temperature F °c
x Coefficient in"mechanical efficiency equation
Yy Coefticient'in mechanical efficiency equation
z Coefficient in ‘mechanical efficiency equation
{sp. gr.) Spegitic gravity of fue! at tank
or ‘burette temperature
bp 8rake power hp kW
fp Friction power hp kW
ip Indicated power hp kW
fan p Fan power hp (343
bmep: Brake mean effective pressure Ib/in? kPa
imep Indicated mean effective pressure Ib/in? kPa
bsfe Brake specific fuel consumption (liquid) Ib/hp-h 9/kW-h
Brake specific fuel pti ] ) Btu/hp-h kJ/kW-h
isfe Indicated specific fuel consumption (liquid Ib/hp-h a/kW-h
Indicated specific fuel consumption {gaseous) 8tu/hp-h kJ/kW-h
Subscripts
< Corrected to standard conditions
D Diesel engine
d Dry air condition
m Moist air condition
r Manufacturer's rated valve
S Spark ignition engine
t Observed at test conditions
Superscript * To denote standard ambient conditions

4.2 Useful Equivalents

1kg = 2.2046 Ib mass

1 daN = 2.248 1b force
1kPa = 0.1450 Ib/in.2

1 hp = 33,000 ft-lb/min
1kW = 1000 N -m/s

1 kW = 1.341 hp

4.3 Standard Ambient Conditions

5When the radiator is not an integral part of the engine assembly, an equivalent heat
exchanger may be used.

Bartometric pressure B 29738 in. Hg (99 kPa)
Temperature t* 85°F (29.4°C)

Vapor pressure c* 0.38 in. Hg (1.3 kPa)

Dry barometric pressure By* 29.00 in. Hg (97.9 kPa)
Dry air density dg* 0.0705 Ib/ft? (1.124 kg/m?)

4.4 Computations from Test Data
4.4.1 OBservep Power

(N-L),
K
Brake torque, T, = (L - R),

Brake power, bp, =

Brake mean effective pressure, bmep, =

E'Li*R;-a E-a

(N-L),
K
100

Friction power, fp, =

“G:D " D-N,

o= be (1% - 1)
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Indicated power, ip, = bp, + fp,
. 100
=)
n
4.4.2 MecuanicaL Erriciency (Friction Power)—Engine friction for pur-
poses of this code may be established by the methods noted in paragraph 1.4,
with the hot motoring method preferred. If friction must be approximated by
calculation the method for spark ignition engines is covered in paragraph
4.5.2.2 and for diesel engines in paragraph 4.5.3.2.
4.4.3 Fuer CoNsSUMPTION
4.4.3.1 Fuel Consumption (Liquid)
60

Fuel consumption, F, = W, - i

a function of individual engine design. For this reason, it is recommended that
only test data obtained within the range of dry barometric pressure between
28 and 30 in. Hg (95 and 101 kPa) and inlet air temperature between 60 and
110°F (15.5 and 43.3°C) be used for correction by this standard. If test data
obtained outside this range are used as a basis for correction, the atmospheric
conditions under which the test was performed shall be shown with the
corrected results.
4.5.2 Spark IcNiTioN ENGINES
4521 Correction Factor

Cg =

Bd* (1( + A )0.5
By \t*+ A

4.5.2.2 Friction—If the preferred hot motored friction is not used, Table 1
generally may be used to approximate spark ignition engine friction for use in

) ) W, - 60 F, this code. If it is not used, the following equations shall be used to calculate

Brake specific fuel consumption, bsfc, = bo M~ bo. mechanical efficiency and friction power.

P i When bmep, is in lb/in%
F, F,
Indicated specific fufl consumption, isfc, = o ! = ! 5 ~ n= 100
Py + 1P, bp,'(lo ) x — yrbmep,
n | 4 ——A———
bmep,
Fuel mass from vglumetric method
sp. gr. - .
w/l=V: (sp- gr) (English units)® When bmep, is in kPa:
453.6 100
W|= V- (sp. gr)  (SI units) a L 689 —y - bmep,
4.4.3.2 Fuel Consunpption (Gaseous) + bmep. |
V- 60 \ohs:
Kuel consumption, F, = ‘M In both eguatighs: \
x = 16.3761 + 2.28629(—1\1—) + 0.297053(—N—)
F.LHV 1000 1000
Brake spefific fuel consumption, bsfc, = ———
bp, 1 N N ¥
yo= —— | 5.44659 — 0.02495{ ——} — O{174376{ ———
dicated e ok - F,- LHV F,- LHV 100 1000 1000

ndicated speciiic yel consumption, isic, = bp, + oy = b 100 4523 Correction Calculation—In the case of thq spark ignition engines, in
Pt ( n ) which the air-fuel ratio characteristically remains cgnstant, this type of correc-

4.4.4 BAROMETRIC PHESSURE

Dry| barometric pressure, By = B — ¢

4.5 Corrected Power

4.5.1 Correcrion FActor—The performance of diesel and spdrk ignition
engines is affected by Harometric pressure, temperature, and himidity of the
ambient atmosphere. Therefore, in order to provide a commgnbasis of com-
parison, it is necessary|to apply a correction factor to convert the observed
data to specified standprd atmospheric conditions.

The method of correftion prescribed is based upon-the assumption that at
constant air-fuel ratio) indicated thermal efficiency remains unaffected by
changes in atmospherfc pressure, temperatute, Jand humidity, or that the
effect is negligible. THis assumption is yalid conly if the range of ambient
conditions to be covered is sufficiently small'so that engine combustion char-
acteristics are not affecfed. This range-cannot be accurately defined since it is

tion is directly applicable under all conditions.

bp, = (ip,* Cs) — p,
bp, = (bpz + fpy) 'Cs — 1P

Corrected brake torque, T, = % bp,
Corrected brake mean effective pressure, bmep, = BE%' bp,

Fuel consumption—Because the exact manner i} which atmospheric condi-
tions affect fuel consumption is not known, a corfection is not applied, and
both fuel consumption and specific fuel consumptign are reported as observed.

8Use of SI units for V is consistent with general practice.
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TABLE 1—MECHANICAL EFFICIENCY OF SPARK IGNITION ENGINES, %

bmep, kPa
138 l 152 ‘ 165 | 179 [ 193 l 207 | 221 I 234 } 248 | 262 | 276 | 290 | 303 | 317 | 33 | 345 l ase | 372 | 386 | a00 | 414

bmep, Ib/in?
om | 20 | 22 | 24 | 26 | 28 | 30 | 32 | 3a | 36 | 38 | 40 | 42 | 44 | a6 | 48 | s0 | 52 | 54 | 56 | 58 | 60
800 | 53.6 | 56.1 | 584 | 604 | 62.4 | 641 | 657 | 67.2 | 686 | 699 | 711 | 722 | 733 | 743 | 752 | 7601 | 769 | 777 | 784 | 790 | 798
1000 | 528 | 553 | 57.6 | 59.6 | 61.6 | 633 | 649 | 664 | 678 | 69.1 | 703 | 71.5 | 725 | 735 | 745 | 754 | 762 | 770 | 77.8 | 785 | 790
1200 | 519 | 544 | 567 | 588 | 607 | 62.5 | 64.1 | 656 | 671 | 684 | 696 | 707 | 718 | 728 | 738 | 747 | 755 | 763 | 771 | 778 | 785
1400 | 511 | 536 | 559 | 580 | 59.9 | 617 | 633 | 64.8 | 663 | 67.6 | 688 | 70.0 | 710 | 721 | 730 | 739 | 748 | 756 | 764 | 770 | 778
1600 | 502 | 52.8 | 550 | 57.1 | 59.1 | 60,8 | 62.5 | 64.0 | 654 | 668 | 680 | 692 | 703 | 713 | 723 | 732 | 74.1 | 749 | 757 | 764 | 7720
1800 | 49.4 | 519 | 542 | 563 | 582 | 600 | 61.6 | 632 | 646 | 660 | 67.2 | 684 | 695 | 705 | 715 | 724 | 733 | 740 | 749 | 757 | 764
2000 | 485 | 510 | 533 | 554 | 57.4 | 59.1 | 60.8 | 623 | 638 | 651 | 664 | 676 | 687 | 697 | 707 | 716 | 725 | 73.4 | 742 | 749 | 756
2200 | 477 | 502 | 525 | 546 | 565 | 583 | 59.9 | 615 | 629 | 643 | 655 | 667 | 679 | 689 | 699 | 709 | 717 | 726 | 73.4 | 742 | 749
2400 | 468 | 493 | 516 | 537 | 556 | 57.4 | 59.1 | 606 | 62.1 | 63.4 | 647 | 659 | 67.0 | 681 | 69.1 | 700 | 709 | 718 | 72.6 | 734 | 740
2600 | 460 | 485 | 507 | 528 | 547 | 56,5 | 582 | 59.8 | 61.2 | 626 | 638 | 651 | 662 | 67.3 | 683 | 69.2 | 700 | 710 | 71.8 | 726 | 733
2800 | 45.1 | 47.6 | 499 | 519 | 53.9 | 557 | 573 | 589 | 603 | 617 | 63.0 | 64.2 | 653 | 664 | 674 | 684 | 693 | 702 | 710 | 718 | 7256
3000 | 443 | 467 | 490 | 511 | 530 | 54.8 | 564 | 580 | 59.5 | 60.8 | 62.1 | 63.3 | 64.5 | 656 | 666 | 67.6 | 685 | 69.4 | 702 | 710 | 707
3200 | 435 | 459 | 481 | 502 | 52.1 | 53.0 | 556 | 57.1 | 586 | 600 | 61.3 | 62.5 | 63.6 | 647 | 657 | 667 | 67.6 | 685 | 69.4 | 702 | 709
3200 | 426 | 450 | §73 | 493 | 512 | 53.0 | 547 | 562 | 577 | 59.1 | 604 | 61.6 | 62.8 | 63.8 | 649 | 659 | 66.8 | 617 | 685 | 69.3 | 70,1
3600 | 418 | 442 | Joa | 485 | 504 | 52,1 | 538 | 55.4 | 568 | 582 | 505 | 607 | 610 | 630 | s40 | 650 | 6.0 {Pedis | 677 | 685 | 603
3800 | 41.0 | 434 | d56 | 47.6 | 495 | 513 | 529 | 545 | 560 | 573 | 586 | 509 | 610 | 821 | 632 | 642 | 650 | 6do | cs9 | 677 | 485
4000 | 402 | 425 | Ja7 | a6 | 486 | 504 | 521 | 536 | 551 | 565 | 578 | 500 | 60.2 | 613 | 623 | 633 |64 641 | 460 | s88 | 67.6
4200 | 39.4 | 417 | k3o | as9 | 478 | 49.6 | 512 | 52.8 | 542 | 556 | 569 | 58.1 | 593 | 604 | 614 | 624 | 634 | sd3 | 452 | ss0 | 668
4400 | 386 | 409 | }30 | 451 | 470 | 487 | 503 | 519 | 533 | 547 | 560 | 572 | 584 | 595 | 606 | 616|625 | 634 | 643 | 651 | 659
4600 | 378 | 401 | §23 | 443 | 4601 | 479 | 405 | 510 | 525 | 539 | 552 | 564 | 575 | 587 | 597 | 60n {7617 | ¢36 | 634 | 843 | 651
4800 | 37.1 | 394 | 1.5 | 434 | 453 | 470 | 487 | 502 | 516 | 530 | 543 | 555 | 567 | 578 | 588 | 599 | 60.8 | 6]7 | 626 | 634 | 642
5000 | 363 | 386 | bo7 | 426 | 445 | 462 | 478 | 49.3 | 5058 | 52.1 | 534 | 547 | 558 | 569 | 580 590 | 600 | 69.9 | 617 | 626 | 63.4
5200 | 356 | 37.8 | $99 | 418 | 437 | 454 | 47.0 | 485 | 499 | 513 | 526 | 5358 | 550 | 560 | 57 58.1 | 59.1 | 690 | 609 | 617 | 625
5400 | 349 | 37.1 | b9t | 411 | 4200 | 446 | 462 | 477 | 490 | 505 | 51.8 | 530 | 541 | 552 | 563 | 573 | 583 | 542 | 60.0 | 609 | 617
5600 | 342 | 363 | $8a | 403 | 42,1 | 43.8 | 454 | 469 | 483 | 49.6 | 509 | 52.1 | 533 | 544 (554 | 564 | 57.4 | 583 | 592 | 60,0 | 609
5800 | 33.5 | 356 | $7.6 | 39.5 | 413 | 430 | 446 | 460 | 475 | 488 | 501 | 513 | 525 | s3le [\546 | 556 | s6.6 | 545 | 584 | 592 | 600
6000 | 328 | 349 | boo | 388 | 405 | 422 | 438 | 453 | 467 | 480 | 493 | 505 | 516 | 527°| 538 | 548 | 557 | 547 | 575 | 584 | 59.2

bmep, kPa

414 | 427 | a1 | 4ss | 469 | 483 | 496 | 510 | 524 | s38 | ss2 | ses {579 | 593 | 607 | 620 | 634 | eps | 662 | 676 | es9

bmep, Ib/in?
pm | 60 | 62 |64 | 66 | 68 | 70 | 72 | 74 | 76 | 78 | 80 | 62 | 84 | 86 | 88 | 90 | 92 | da | 96 | 98 | 100
800 | 79.6 | 804 | B1.0 | 816 | 82.1 | 827 | 832 | 837 | 841 | 848 | 8500\) 854 | 858 | 862 | 865 | 869 | 87.2 | 875 | 878 | 881 | 884
1000 | 791 | 79.8 | Bo4 | 810 | 815 | 82.1 | B2.6 | 83.1 | 835 | 840 | B4d | 848 | 852 | 856 | 860 | 863 | 867 | 810 | 873 | 876 | 879
1200 | 785 | 79.1 | P98 | 80.4 | 809 | 81.5 | 82,0 | 825 | 829 | 83.4 |\83.8 | 84.3 | 847 | 851 | 854 | 858 | 861 | 8b5 | 86.8 | 87.1 | 87.4
1400 | 77.8 | 785 | F91 | 797 | 803 | 808 | 81.3 | 819 | 823 | 8287 83.2 | 837 | 84.1 | 845 | 849 | 852 | 856 | 8y9 | 863 | 8s6 | 869
1600 | 771 | 778 | t84 | 790 | 79.6 | 802 | 807 | 812 | 817 | 822/ | 82.6 | 83.1 | 835 | 839 | 843 | 846 | 850 | 854 | 857 | 860 | 863
1800 | 764 | 770 | 177 | 783 | 789 | 79.5 | 800 | 805 | 810 ["®15 | 820 | 82.4 | 82.8 | 833 | 837 | 840 | 844 | 8}8 | 85.1 | 854 | 858
2000 | 7564 | 763 | 770 | 776 | 782 | 78.8 | 79.3 | 799 | 804 | 809 | 813 | 818 | 822 | 826 | 830 | 83.4 | 838 | 8}.1 | 845 | 848 | 852
2200 | 749 | 756 | P63 | 769 | 775 | 781 | 786 | 79.2 | 7977 802 | 806 | 81.1 | 815 | 820 | 82.4 | 828 | 83.1 | 835 | 839 | 842 | 84,5
2400 | 74.1 | 748 | F55 | 761 | 768 | 77.3 | 779 | 784 (790 | 795 | 799 | 604 | sos | 813 | 817 | s2.1 | 825 | e}e | 832 | 836 | 839
2600 | 733 | 741 | 747 | 754 | 760 | 766 | 772 | 772(ly782 | 787 | 792 | 797 | 802 | 8o& | 810 | 814 | sre | sh2 | 825 | 829 | 832
2800 | 72.6 | 733 | Peo | 746 | 752 | 758 | 764 |(770] 775 | 780 | 785 | 79.0 | 79.4 | 799 | 803 | 807 | 811 | afs | 819 | 822 | 826
3000 | 717 | 725 | F32 | 738 | 745 | 7510 | 757 |\zel2 | 768 | 773 | 778 | 783 | 787 | 792 | 79.6 | 800 | 804 | 898 | 812 | a5 | sie
3200 | 7000 | 717 | b24 | 730 | 737 | 743 | 74.9°| 754 | 760 | 765 | 770 | 775 | 780 | 784 | 789 | 793 | 797 | 8p.1 | sos | sos | 812
3400 | 701 | 708 | F1.6 | 722 | 729 | 735 | 24% | 747 | 752 | 757 | 763 | 768 | 772 | 777 | 781 | 786 | 790 | 74 | 798 | 801 | 805
3600 | 693 | 700 | Fo7 | 714 | 721 | 727 735 | 739 | 744 | 750 | 755 | 760 | 765 | 769 | 77.4 | 77.8 | 782 | 786 | 790 | 79.4 | 79.8
3800 | 685 | 692 | koo | 706 | 713 | 7r9\ 725 | 730 | 736 | 742 | 747 | 752 | 757 | 762 | 766 | 770 | 775 | 779 | 783 | 787 | 790
4000 67.6 68.4 b9.1 69.8 70.4 AW 717 723 72,8 73.4 73.9 74,4 749 754 75.8 763 767 A 77.5 779 783
4200 | 668 | 67.5 | k83 | 68.9 | 69.6 (07037 | 70.9 | 715 | 720 | 726 | 733 | 736 | 741 | 746 | 751 | 755 | 759 | 7p4 | 768 | 772 | 775
4400 | 659 | 667 | k7.4 | 681 | 88604 | 701 | 707 | 712 | 718 | 723 | 728 | 733 | 738 | 743 | 747 | 752 | 756 | 760 | 764 | 768
4600 | 651 | 658 | bos | 673 | 680 [ 686 | 692 | 698 | 704 | 710 | 715 | 720 | 725 | 730 | 735 | 740 | 734 | 7he | 752 | 756 | 760
4800 | 642 | 650 | b57 | 664 |r870 | 678 | 684 | 690 | 696 | 702 | 707 | 7v2 | 717 | 722 | 727 | 73.2 | 73.6 | 7ho | 745 | 749 | 753
5000 | 63.4 | 642 | bao | 656663 | 669 | ¢7.6 | 682 | 688 | 693 | 699 | 704 | 709 | 714 | 719 | 724 | 7258 | 7p2 | 737 | 740 | 745
5200 | 625 | 633 | ba1 | sa8—|655 | 66,1 | 66.8 | 67.4 | 680 | 685 | 69.1 | 69.6 | 701 | 706 | 710 | 706 | 720 | 7h5 | 729 | 733 | 737
5400 | 617 | 62.5 | $3.2 | 639 646 | 653 | 659 | 665 | 670 | 677 | 683 | 688 | 693 | 698 | 703 | 70.8 | 71.2 | 7)7 | v2.0 | 725 | 729
5600 | 60.9 | 61.6 | b2.4 {434 | 6358 | 645 | 65.1 | 657 | 663 | 6690 | 67.4 | 680 | ¢85 | 690 | 69.5 | 700 | 70.4 | 700 | 713 | 717 | 720
5800 | 60.0 | 608 | $15{C62.3 | 630 | 63.6 | 643 | 649 | 655 | 661 | 666 | 7.2 | 677 | 682 | 687 | 69.2 | 69.6 | 7.1 | 705 | 709 | 713
6000 | 592 | 60.0 | bo7d 614 | 62,1 | 62.8 | 634 | 641 | 647 | 652 | 658 | 663 7| 669 | 674 | 679 | 68.4 | 68.8 | ¢p3 | 697 | 701 | 705

(Table continued on next page)
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TABLE I—MECHANICAL EFFICIENCY OF SPARK IGNITION ENGINES, %, (CONTINUED)

bmep, kPa
689 | 703 | 717 | 731 | 745 | 758 | 772 | 786 | s00 | 813 | 827 | 841 | os5 | seo | 882 | a96 | 910 | 924 | 938 | 951 | 965
bmep, lb/in?
rpm | 100 | 102 | 108 | 106 | 108 | 110 | 192 | 11a | 116 | 118 | 120 | 122 | 124 | 126 | 128 | 130 | 132 | 134 | 136 | 138 | 140
800 | 684 | 887 | 690 | 893 | €95 | 89.8 | 900 | 90.2 | 90.5 | 907 | 909 | 911 | 913 | 915 | 917 | 919 | 921 | 922 | 924 | 926 | 927
1000 | 879 | 882 | 885 | e8.8 | 89.0 | 893 | 895 | 898 | 900 | 902 | 905 | 907 | 909 | 911 | 913 | 915 [ 918 | 918 | 920 | 922 | 923
1200 | 874 | 877 | 880 | 863 | €85 | 888 | 89.1 | 893 | 89.5 | 89.8 | 900 | 902 | 904 | 906 | 90.8 | 910 [ 91.2 | 914 | 916 | 917 | 919
1400 | 869 | 872 | 675 | 878 | 880 | 883 | 886 | 888 | 89.0 | 89.3 | 895 | 897 | 899 | 90.1 | 90.4 | 905 | 907 | 909 | 911 | 913 | 915
1600 | 863 | 866 | 869 | 872 | 875 | 878 | 880 | 883 | 885 | 888 | 89.0 | 89.2 | 894 | 897 | 899 | 901 | 903 | 90.5 | 90.6 | 90.8 | 910
1800 | 858 | 86.1 | 864 | 867 | 269 | e72 | e75 | 877 | vs0 | 882 | 885 | 887 | 885 | 89.1 | 89.3 | 896 | 898 | 89.9 | 90.1 | 90.3 | 905
2000 | 852 | 855 | 858 | 86.1 | 864 | 866 | 869 | 672 | 67.4 | 677 | 679 | 881 | 8s.4 | 886 | ses | 89.0 | 892 | 89.4 | 896 | 89.8 | 90.0
2200 | 845 | 849 | 852 | 855 | 85.8 | 860 | 663 | 866 | 868 | 67.1 | 673 | e7.6 | 67.8 | 880 | 883 | 885 | 887 | 889 | 9.1 | 89.3 | €95
2400 | 839 | 842 | 645 | e48 | 851 | 85.4 | 857 | 860 | 663 | 865 | 868 | 870 | 872 | 875 | 877 | 879 | 881 | @83 | 885 | 67 | 889
2600 | 832 | 836 | 839 | 842 | 845 | 848 | 851 | 854 | 856 | 859 | 862 | 86.4 | 86.6 | 869 | 871 | 873 | 87.5 | 87.5 | €80 | 88.2 | 884
2800 | 826 | 829 | 832 | 836 | 839 | 842 | 845 | 847 | 850 | 853 | 855 | ass | 860 | 863 | 865 | 867 | 889 | 87.2 | 87.4 | 87.6 | €7.8
3000 | 819 | 822 | 826 | 829 | 832 | 835 | 838 | 841 | 844 | 846 | 849 | 852 | 854 | 855 | 859 | 861 | 863 | 866 | 888 [ 87.0 | 872
3200 | 812 | 815 ste—892—t 625098 99+—694——8ITF 040842 8458401 8501 852 | 955 L 957 | 859 | 862 | 884 | 866
3400 | 805 | 808 | 812 | 815 | 818 | 82,1 | 825 | 827 | €30 | 833 | 836 | 838 | 841 | 844 | 846 | 848 | 851 453 | 855 | 857 | 859
3600 | 798 | 801 | 805 | 808 | 811 | 815 | 818 | 821 | 823 | 826 | 829 | 83.2 | 83.4 | 837 | 839 | 842 | B4 [)44.6 | 849 | 851 | 853
2800 | 790 | 794 | 798 | s0.1 | 804 | 807 | 811 | 814 | 817 | 819 | 822 | 825 | 828 | 830 | 833 | 835 | 837)| §4.0 | 842 | 844 | 847
2000 | 783 | 787 | 790 | 7904 | 797 | s00 | o3 | 8o | 809 | 812 | 815 | 818 | 82.1 | 823 | 826 | 828, 831 | 433 | 835 | 838 | 840
4200 77.5 77.9 783 7846 79.0 793 79.6 799 80.2 80.5 80.8 81.1 814 81.6 81,9 82 82.4 2.6 829 831 83.3
2300 | 768 | 772 | 775 | 779 | 782 | 786 | 789 | 792 | 795 | 798 | eo.1 | 804 | 806 | 809 | 812 | 8lal| 817 | g19 | 82.2 | 82.4 | 826
4500 | 760 | 764 | 768 | 771 | 775 | 778 | 780 | 785 | 788 | 791 | 79.4 | 79.6 | 799 | 802 | 805 | €07 | 810 | 1.2 | 815 | 817 | 819
4800 | 753 | 756 | 760 | 764 | 767 | 771 | 774 | 777 | 780 | 783 | 786 | 789 | 79.2 | 795 | 79.7| 800 | 80.3 | 405 | 808 | 810 | 812
5000 | 745 | 749 | 752 | 756 | 760 | 763 | 766 | 770 | 773 | 776 | 778 | 782 | 785 | 787 | 790.P 79.3 | 79.5 | {9.8 | 0.0 | 803 | 80.5
5200 | 737 | 740 || 745 | 748 | 752 | 755 | 759 | 762 | 765 | 768 | 771 | 774 | 777 | 780 |j783) | 785 | 788 | 791 [ 79.3 | 79.6 | 79.8
5400 | 729 | 733 || 737 | 741 | 744 | 748 | 750 | 754 | 758 | 760 | 764 | 767 | 770 | 773 775 | 778 | 780 | 183 | 78.6 | 78.8 | 79.1
5600 | 721 | 725 || 729 | 733 | 736 | 740 | 743 | 747 | 750 | 753 | 756 | 759 | 762 | 765 (D7es | 770 | 773 | q7.6 [ 778 | 780 | 783
8800 | 713 | 717 I 721 L 725 | 729 | 732 | 736 | 739 | 742 | 745 | 749 | 752 | 755 | 257 ) 760 | 763 | 7656 | 6.8 | 770 | 77.4 | 77.6
6000 | 705 | 700 |l 73 | 77 | 721 | 724 | 728 | 730 | 735 | 738 | 740 | 744 | 747 |(750 | 753 | 756 | 758 | 760 | 764 | 766 | 769
4.5.3 Dieser Encings
4.5.3.1 Correction Factor
c _Bd""(tt-f-A)(”
PT B, \t*+A

4.5.3.2 Friction—
may be used to appro
not used, the followi
ciency and friction pqg

f the preferred hot motored friction is not used, Table 2
imate diesel engine friction for use in this code. If it is

equations shall be used to calculate mechanical effi;
wer:

When bmep, i in Ib/in.2:
0= 100
1 z
bmep,
When bmep, i} in kPa:
_ 100
T, 68%
bmep,
In both equations:

N N \?
z = 20.1$93 ~ 3.75948{-——) + 3.33120{——
1000 1000
4.5.3.3 Correction
rate, the correction fj
conjunction with the [following procedure.
At test atmospheri¢ conditions, engine power and fuel rate shall be meas-

CalculationSince the diesel engine operates at a set fuel

hctor.defined in paragraph 4.5.3.1 shall be applied in

ISFC,,

ISFCyp
ISFC,
ISFCy3

!
|
|
|
|
|
1

SPECIFIC FUEL CONSUMPTION, LB/HP-H (G/KW-H)

|
|
|
|
|
|
|
I
!
Fi3 F
FUEL CONSUMPTION, UB/H (G/H)

FIG. 1-METHOD OF ESTABLISHING FUEL|CONSUMPTION FOR
POWER CORRECTION FOR DIESEL ENGINES

or for turbocharged engines by

ured and recorded at three fuel rate settings at the same engine speed. One
test point should be at the desired fuel setting. When the test air density is less
than standard density, the other two points should be at approximately 5%
and 10% lower fuel rates. When the test air density is greater than standard
density, the other two points should be at approximately 5% and 10% higher
fuel rates for best accuracy. When practical considerations, such as limited
pump delivery, prevent use of the higher rates, points at lower fuel rates may
be used, but some accuracy will be lost due to extrapolation rather than
interpolation of data. Engine friction shall be recorded as friction power at the
rated fuel setting for naturally aspirated engines and as mechanical efficiency
at each fuel setting for turbocharged engines. Calculate isfc, at each test point
(see paragraph 4.4.3) and plot versus fuel rate as shown in Fig. 1.

Find corrected indicated specific fuel consumption (isfc,) on Fig. 1 at F:

o= it (5)
Pe = i, \100
where mechanical efficiency (n) may be obtained from hot motored test data
or the formula in paragraph 4.5.3.2.
Abbreviated correction procedures based upon this method will be con-
sidered acceptable if they result in corrected values identical to those obtained
by this three-point procedure.

Corrected brake torque, T = % bp,

E:a
22 p
DN Pe

Fuel consumption—Fuel consumption at standard conditions is, by defini-
tion, the same as at test conditions.

F, =F,

Corrected brake mean effective pressure, bmep,

[

Pe

Brake specific fuel consumption, bsfc,
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TABLE 2—MECHANICAL EFFICIENCY OF DIESEL ENGINES, 7,

bmep, kPa

276 | 290 | 303 | 317 | 331 | 345 | 358 | 372 | 386 | 400 | 414 | 427 | 441 | 455 | 469 | 483 | av6 | 510 | 524 | 538 | ss2

bmep, Ib/in?
rpm 40 | 42 a4 4 | a8 50 52 | 54 | 56 58 | 60 | 62 | 64 | 66 | 68 | 70 72 74 76 78 80
800 | 67.4 | 685 | 695 | 704 | 713 | 720 | 72,9 | 737 | 744 | 750 | 756 | 762 | 768 | 77.4 | 779 | 78.4 | 788 | 79.3 | 79.7 | 80.2 | 80.6
900 | 672 | 683 | 693 | 702 | 711 | 719 | 727 | 735 | 742 | 748 | 755 | 760 | 766 | 772 | 77.7 | 782 | 787 | 79.1 | 79.6 | 80.0 | 80.4
1000 | 469 | 6800 | 690 | 70,0 | 708 | 717 | 725 | 732 | 739 | 746 | 752 | 758 | 764 | 77.0 | 775 | 780 | 785 | 789 | 79.4 | 79.8 | 80.2
100 | 666 | 676 | 687 | 69.6 | 705 | 713 | 720 | 729 | 736 | 743 | 749 | 755 | 7600 | 767 | 772 | 777 | 782 | 787 | 79 | 79.5 | 79.9
1200 | 661 | 672 | 682 | 692 | 701 | 709 | 717 | 725 | 732 | 739 | 746 | 752 | 758 | 763 | 769 | 77.4 | 779 | 783 | 78.8 | 79.2 | 79.6
1300 | 656 | 667 | 67.8 | 687 | 69.6 | 705 | 713 | 720 | 728 | 735 | 741 | 748 | 754 | 759 | 765 | 770 | 775 | 78.0 | 784 | 784 | 793
1800 | 651 | 662 | 672 | 682 | 9.1 | 700 | 70.8 | 716 | 723 | 730 | 737 | 743 | 749 | 755 | 760 | 765 | 770 | 77.5 | 78.0 | 784 | 789
1500 | 445 | 856 | 666 | 67.6 | 68.5 | 694 | 702 | 710 | 718 | 725 | 730 | 73.8 | 74.4 | 750 | 755 | 760 | 76,6 | 77.0 | 77.5 | 78.0 | 784
1600 | 638 | 649 | 660 | 670 | 679 | 68.8 | 69.6 | 704 | 702 | 719 | 725 | 73.2 | 73.8 | 744 | 750 | 755 | 760 | 765 | 77.0 | 77.5 | 779
1700 | 631 | 642 | 653 | 663 | 67.2 | 68.1 | 689 | 697 | 705 | 712 | 719 | 726 | 73.2 | 73.8 | 744 | 749 | 755 | 760 | 764 | 769 | 774
1800 | 623 | 63.4 | 64.5 | 655 | 665 | 67.4 | 68.2 | 690 | 698 | 705 | 712 | 719 | 725 | 732 | 737 | 743 | 748 | 753 | 758 | 763 | 76.8
1900 | 615 | 62:6 | 6JF— oAt —{—ttrmb—{ Pt ——69- 8Ost F S PR —FI—FBb—brd— Ty | 752 | 757 | 76.1
2000 | 606 | 618 | 639 | 639 | 649 | 658 | 667 | 675 | 683 | 69.1 | 69.8 | 705 | 710 | 717 | 723 | 729 | 735 [ 74p | 745 | 750 | 755
2100 | 597 | 509 | 630 | 630 | 640 | 649 | 658 | 667 | 67.5 | 682 | 69.0 | 697 | 703 | 71.0 | 71.6 | 722 | 7274 73 | 73.8 | 743 | 748
2200 | 588 | 600 | 6] | 2.1 | 831 | 641 | 650 | 658 | 666 | 67.4 | 681 | 689 | 69.5 | 702 | 708 | 71.4 | 720\ 72F | 73.0 | 736 | 740
2300 | 578 | 590 | 6d1 | 612 | 62.2 | 632 | 641 | 649 | 658 | 665 | 67.3 | ¢80 | 687 | 694 | 700 | 706 [F0.27| 71 723 | 728 | 733
2400 | 569 | 580 | %2 | 602 | 613 | 62.2 | 631 | 640 | 648 | 656 | cos | 671 | 678 | 685 | 690 | 69.8 (U703 | 70 715 | 720 | 725
2500 | 559 | 571 | 582 | 593 | 60.3 | 613 | 622 | 630 | 639 | 647 | 655 | 662 | 669 | 67.6 | 683 | 689\ 695 | 70k | 706 | 71.2 | 717
2600 | 548 | 560 | 5t2 | 583 | 593 | 603 | 61.2 | 821 | 630 | 63.8 | 64.6 | 653 | 66.0 | 667 | 67.4 | 680 | 68.6 | 69 69.8 | 703 | 70.8
2700 | 538 | 550 | 542 | 573 | 583 | 593 | 60.2 | 611 | 620 | 62.8 | 63.6 | 64.4 | 65.1 | 658 | 66.5.\(67.1| 67.7 | 68 689 | 69.4 | 700
2800 | 528 | 540 | 5§22 | 562 | 573 | 583 | 59.2 | 60.1 | 610 | 61.8 | 62.6 | 63.4 | 641 | 64.8 | 655 662 | 66.8 | 67 68.0 | 68.6 | 69.1
2900 | 517 | 530 | b1 | 552 | 563 | 573 | 582 | 590 | 600 | 60.9 | 617 | 62.4 | 632 | 639 |(34.6°| 652 | 659 | 66 671 | 67.6 | 682
3000 | 507 | 519 | 5 | 542 | 552 | 562 | 57.2 | 580 | 59.0 | 59.9 | 607 | 61,5 | 622 | 629 Ne3s | 643 | 649 | 65 66.1 | 667 | 673
3100 | 497 | 509 | 5ho | 531 | 542 | 552 | 562 | 571 | se0 | 589 | 597 | 60.5 | 412 | 6195| 826 | 633 | 64.0 | 64 652 | 658 | 66.4
3200 | 486 | 498 | 5ho | 52.1 | 532 | 542 | 552 | 560 | 570 | 578 | 587 | 59.5 | 602 |, 61,0)| 817 | 623 | 630 | 63 643 | 649 | 654
3300 | 476 | 488 | 5¢.0 | 510 | 521 | 532 | 540 | 551 | 560 | 568 | 577 | 585 | sg2~](60.0 | 607 | 614 | 620 | 62 633 | 639 | 645
3400 | 466 | 47.8 | abo | 5000 | 510 | 5221 | 530 | sa0 | 549 | 558 | 56.6 | 575 | 582 ) 59.0 | 597 | 60.4 | 611 | &1 623 | 629 | ¢35
3500 | 455 | 468 | at9 | 400 | 500 | 511 | 52,1 | 530 | 539 | 548 | 556 | S6.4 {<57.27| 580 | 587 | 59.4 | 60.1 | 60 614 | 62,0 | 626
3600 | 445 | 457 | 4do | 48.0 | 491 | 5001 | 510 | s20 | 529 | 53.8 | 546 | 5540 562 | 570 | 577 | 584 | 59.1 | 59 604 | 61.0 | 616
3700 | 435 | 447 | 4b9o | 47.0 | 481 | 491 | 5000 | 510 | S1.9 | 52.8 | 53.6 | 5440 552 | 56.0 | 567 | 57.4 | 581 | 58 59.4 | 601 | 607
3800 | 425 | 437 | 4ho | 46.0 | 470 | 48.1 | 490 | 500 | 509 | 51.8 | 52.6 | 534 | 542 | 550 | 557 | 564 | 570 | 57 585 | 590 | 59.7
3900 | 416 | 428 | abo | 450 | a6.1 | 47.1 | 48 | 49.0 | 499 | s0.8 | 51600525 | 532 | 540 | 548 | 555 | 562 | Sefs | 57.5 | 581 | 587
2000 | 406 | 418 | abo | as0 | 451 | 461 | 47.1 | 480 | 489 | 49.8 | 507} 515 | 52.3 | 53.0 | 538 | 545 | 552 | S5f | 565 | 57.2 | 578

bmep, kPa
552 | ses | sps | 593 | 607 | 620 | 634 | 648 | 662 | 676 | 682 | 703 | 717 | 731 | 745 | 758 | 772 | 786 | soo | 813 | 827

bmep, Ib/in?
rpm 80 82 n 86 88 | 90 | 92 | 94 |Nee 98 | 100 | 102 | 104 | 106 | 108 | 110 | M2 116 | 118 | 120
200 | 806 | 809 | 8h3 | 817 | 82.0 | 823 | 826 | 830} 833 | 83.5 | 83.8 | 84.1 | 843 | 846 | 848 | 851 | 853 857 | 859 | 86.1
900 | 804 | B0.8 | 8h2 | 81.5 | 81.9 | 82.2 | 82.5 | 82,8 | 831 | 83.4 | 837 | 839 | 842 | 845 | 847 | 849 | 852 856 | 858 | 86.0
1000 | 80.2 | 806 | 8h.o | 81.3 | 81.7 | 820 | 823 | 824 | 829 | 83.2 | 835 | 83.8 | 84.0 | 843 | 84.5 | 848 | 850 854 | 857 | 859
100 | 799 | 803 | sb7 | 811 | 814 | 818 | 8200 | 824 | 827 | 83.0 | 823 | 83.5 | 83.8 | 84.1 | 843 | 846 | 848 85.2 | 855 | 857
1200 | 79.6 | 800 | 8h.4 | 80.8 | 81.1 | 81.5 | 8u&"| 821 | 824 | 827 | 830 | 83.3 | 83.6 | 83.8 | 841 | 843 | 845 850 | 852 | 85.4
1300 | 793 | 797 | 8b.1 | s0.4 | so.s | 814|815 | 818 | 821 | 82.4 | 827 | 83.0 | 83.2 | 835 | 83.8 | 84.0 | 843 847 | 849 | 85.1
1400 | 789 | 793 | 7b7 | 80.0 | 80.4 | 80 ) 81.1 | 81.4 | 817 | B20 | 823 | 826 | 829 | 83.2 | 834 | 837 | 839 84.4 | 846 | 84.8
1500 | 78.4 | 78.8 | 7h2 | 79.6 | 80.0 | 803 | 807 | 81.0 | 81.3 | 81.6 | 81.9 | 82.2 | 825 | 82.8 | 83.0 | 833 | 83.6 84.0 | 843 | 845
1600 | 779 | 763 | 7B7 | 7901 | 7955799 | 802 | 80.5 | 8.9 | 81.2 | 815 | 81.8 | 82.1 | 824 | 826 | 829 | 83 83.6 | 83.9 | 84.1
100 | 77.4 | 77.8 | 7B2 | 78.6 | 79%0/4-793 | 797 | 80.1 | 80.4 | 80.7 | 81.0 | 81.3 | 8.6 | 819 | 822 | 824 | 827 83.2 | 83.4 | 837
1800 | 768 | 77.2 | 7p.6 | 780 |\z8% 788 | 792 | 795 | 79.9 | 802 | 805 | s0.8 | 811 | 814 | 817 | 820 | 822 827 | 83.0 | 83.2
1900 | 761 | 766 | 7p0 | 77,4778 | 782 | 786 | 789 | 793 | 79.6 | 80.0 | 80.3 | 80.6 | 809 | 812 | 814 | BL7 82.2 | 825 | 827
2000 | 755 | 759 | 7k.4 | 7268 ) 772 | 776 | 780 | 783 | 787 | 79.0 | 79.4 | 79.7 | 80.0 | 803 | 80.6 | 809 | 81.2 817 | 819 | 822
2100 | 748 | 75.2 7 o760 | 7655 | 769 | 773 | 777 | 781 | 78.4 | 787 | 791 | 79.4 | 797 | 80.0 | 80.3 | 80.6 81,1 | 81.4 | 816
2200 | 740 | 745 o0~|\75.4 | 758 | 762 | 766 | 770 | 77.4 | 778 | 78.1 | 784 | 788 | 79.1 | 79.4 | 79.7 | 80.0 80.5 | 80.8 | 81.1
2300 73.3 73.8 745 T bt b CT 763 Z4Z ZZ1 ZZ 4 278 78 1 29 4 ZR 7 Ze0 293 79.9 80.2 80.4
2400 | 72.5 | 730 | 735 | 739 | 74.4 | 748 | 752 | 756 | 760 | 76.4 | 767 | 77.1 | 77.4 | 777 | 78.1 | 784 | 787 793 | 795 | 798
2500 | 717 | 722 | 727 | 730 | 736 | 740 | 744 | 748 | 752 | 756 | 76,0 | 763 | 767 | 770 | 774 | 777 | 780 786 | 789 | 79.
2600 | 708 | 713 | 718 | 723 | 72.8 | 732 | 736 | 741 | 745 | 748 | 752 | 756 | 759 | 763 | 766 | 77.0 | 77.3 779 | 782 | 785
2700 | 700 | 705 | 710 | 715 | 719 | 72.4 | 728 | 733 | 737 | 740 | 74.4 | 748 | 752 | 755 | 759 | 762 | 765 772 | 775 | 77.8
2800 | 69.1 | 69.6 | 701 | 70.6 | 711 | 716 | 720 | 724 | 72.8 | 73.3 | 73.6 | 740 | 744 | 748 | 751 | 755 | 758 | 761 | 784 | 767 | 77.0
2900 | 682 | 687 | 69.2 | 697 | 702 | 707 | 71.2 | 71.6 | 720 | 72.4 | 72.8 | 732 | 736 | 740 | 743 | 747 | 750 | 753 | 757 | 760 | 763
3000 | 67.3 | 67.8 | 68.4 | 689 | 69.4 | 698 | 703 | 707 | 712 | 716 | 720 | 72.4 | 728 | 732 | 735 | 73.9 | 74.2 | 746 | 749 | 752 | 755
3100 | 664 | 669 | 67.4 | 68.0 | 685 | 689 | 69.4 | 69.9 | 703 | 707 | 7u1 | 716 | 719 | 723 | 727 | 730 | 73.4 | 738 | 740 | 744 | 747
3200 | 654 | 660 | 66.5 | 67.0 | 67.6 | 680 | 685 | 69.0 | 69.4 | 69.9 | 703 | 707 | 710 | 715 | 719 | 722 | 726 | 73.0 | 733 | 73.6 | 740
3300 | 645 | 650 | 65.6 | 66,1 | 666 | 67.1 | 67.6 | 68.1 | 685 | 69.0 | 69.4 | ¢9.8 | 702 | 706 | 710 | 71.4 | 71.8 | 720 | 725 | 728 | 73]
3400 | 635 | 641 | 647 | 652 | 657 | 662 | 667 | 67.2 | 67.6 | 68.1 | 685 | 9.0 | 69.4 | 698 | 70.2 | 706 | 709 | 713 | 716 | 720 | 723
3500 | 626 | 632 | 637 | €43 | 648 | 853 | 658 | 663 | 667 | 67.2 | 67.6 | 68.1 | 685 | 689 | 693 | 49.7 | 70.1 | 704 | 70.8 | 712 | 715
3600 | 616 | 622 | 628 | 633 | 638 | 644 | 649 | 654 | 658 | 663 | 667 | 672 | 67.6 | 680 | 684 | 688 | 69.2 | 69.6 | 700 | 703 | 707
3700 | 607 | 612 | 61.8 | 624 | 629 | 634 | 639 | 644 | 649 | 654 | 658 | 663 | 667 | 67.1 | 67.5 | 67.9 | 68.3 | 687 | 49.1 | 69.5 | 69.8
2800 | 597 | 603 | 60.9 | 61.4 | 62.0 | 625 | 63.0 | 635 | 64.0 | 645 | 649 | 65.4 | 658 | 66.2 | 667 | 67.1 | 67.5 | 67.9 | 682 | 686 | 690
3900 | 567 | 59.3 | 59.9 | 60.5 | 61.0 | 61.6 | 62.1 | 62.6 | 63.1 | 63.6 | 64.0 | 64.5 | 649 | 654 | 658 | 66.2 | 866 | 67.0 | 674 | 677 | 68.1
2000 | 57.8 | 58.4 | 59.0 | 59.5 | 60.0 | 60.6 | 610 | 617 | 62.2 | 62.6 | 63.1 | 63.6 | 640 | 645 | 649 | 653 | 657 | 66.1 | 665 | 669 | 67.2

(Table continued on next page)
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