2.1

2.1.1

(Torque)

( friction losses)

21

(Internal Combustion Engine)

crankshaft

ENGINE TORQUE T

IDEAL TORQUE

MAX, TORQUE SPEED

ENGINE SPEED N

rnn;
|.yiiH

(force)

2.1

( Full Throttle 3



(friction losses)

(Volumetric efficiency,T|V)

2.2
2.1
(Volumetric  efficiency)
Volumetric efficiency
1
ino
90
e VOLUMEUP/C
zso IC’G/VC,'
v 70
3
>60
1000 2?00 3000 4000 5000 :IQV/ﬂ‘\iﬂ 6000
il 250 300 400 500 rad/s 640
ENGINE SPEED
2.2 (Volumetric efficiency, V)
15 full throttle11
21 full - throttle

A
(load)

S|



2.1.2 (Power)

F—y'XTV
P = (watt)
T = (N.m)
N = (rad/s)

Torque ,T= X LB

- (N)

P-WNLb
(brake power , bp. )

('nett brake power)

2.3

2.3

1)

22)

10%
21 21



BRAKE POWER bp.

ENGINE SPEED N

2.3 1 [

2.13 ( Indicated Power, i.p.)

(Indicated Power)

(brake power) (power losses) friction windage
power ' pumping losses (power losses)
(gross indicated power)
pumping losses ? ( nett indicated power )

pumping losses

2.14 (Indicated Mean Effective Pressure , Imep)

(Imep) (Indicated work)

(indicated work)

pv diagram Instantaneous pressure Instantaneous



cylinder volume

2.4 imep
imep=Y A X e'%XN 1™ (2'3)
Lp. = (Indicated work , kW)
L = (stroke 1)
A= (2
N = (radls)
e = No. of power stroke per revolution
( 05 4 1 2 )
imep. 51. _____
|
| pumeing
| LOOP
A TS =e——

< .
STROKE -
VOLUME

3
CLEARANCE
YOLUME

2.4 P.V. diagram actual Otto cyclel]
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2.15 (Brake Mean Effective Pressure , bmep)
, bmep
bmep  imep
b.m.e.p=ime.pX 7m (2.4)
(2.3) b.p-i.pXrim
I.m.e.pxLx AxNxe
b-P-=VmX 2
~b.m.ep.xLxAx Nxe 25)
A 2t
LA e b.p.a b.mep XN
2.1 2.2 bmepaTa
b.m.e.p.= (2.6)
b.m.ep
b.m.e.p b.p
2.3
b.p.—Cxb.m.ep.xN (2.7)
b.m.e.p b.p. N

25 2.3 b.p.
b.m.e.p 825 kN/m2 . 620 kN/m2

b.p.

maximum b.p.

Throttle Angle



2.6

BRAKE POWER b.p.

o

. 3
g =45 o
o°\“‘

THROTTLE ANGLE

# = 90" FULLY OPEN

O,
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///
THROTTLE ANGLE ¢ =17°
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800
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100700 &
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=
=
901600 2 S
L E
804 e
<
500 ¢
N0 tiohp 701 &
»
<
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a
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¢micrion 2
~ pumMPING POWER ——
c T T T
I 300 | 400 | 500 |rad/s
1000 2¢30000 4000 rev/min

3000
ENGINE SPEED N

(b'p') '
(nett i.p.), friction power, pumping power
S| 1172 4 4 3

(b.m.e.p),

B

(gross
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2.6 (b.p.) (b.m.e.p),
(gross i.p) , (nett i.p.), friction power, pumping power
SI 1172 4 4 i.p.

Famboro Indicator

2.1.6. (Mechanical Efficiency)
Ia=L
i.p.

(mechanical efficiency)

2.1.7 Fuel Power, F.p.

( mechanical power )

Fuel Power = Fuel mass flow rate X CL

C, = Lower Calorific value ( MJ/kg)

2.18 (Thermal Efficiency)
brake thermal efficiency = 2P~
f.p.
indicated thermal efficiency -p-

(2.10)

(2.11)



RA POAR INDICATED POARR BRAKE POMR

L J\
B o i %ﬁ%ﬁ‘
FAE VL ERCBLY

2.1 ¢
2.1 fuel power , indicated power, brake power,
indicated brake thermal efficiency mechanical efficiency
2.1.9 (Specific fuel consumption, s.f.c)
(s.f.c)
s.f.c kg/kW .hr s.f.c.
2.8
<016 mg/1
o N‘*’\O% 01s
g,o. oﬂ»ocj E
o— 7;‘?" JwJQOO - 60“200 msqoo 50:0/0.'”%:«
2.8 brake thermal efficiency , indicated thermal efficiency , s.f.c

mechanical efficiency Sl 1 4 4 i



2.1.10 Performance Map

geometrically

Performance Map

Performance Map

1000 T

800 [—

bmep, kPa
|

400 |-

200 +—

“335 g/kW-h

-

365
U s

NS 610

1 | |

35

|

29

2.2

1. Routine tests

2. Development test

3. Research test

4. Educational test

1000 2000 3000
Engine speed, rev/min

Performance Map

4000 5000

2.9

14



2.2.1

1. Revolution Counter
2. Tachometers
3. Electronic Stroboscope

2.2.1.1. Revolution Counter

2.2.1.2. Tachometers

2.2.1.3. Electronic Stroboscope

Mark
flash
flash

15

(Measurement of Rotational Speed)

Tachometer

Electronic Stroboscope
Electronic Stroboscope
Stroboscope
flash



2.2.2. ( Measurement of Fuel Flow )

Pipette Orifice Flowmeter

2.2.2.1 Pipette

50 CC.

3

Rate of Fuel consumption

2.2.2.2 Orifice Flowmeter

mi/s o/s 2.10
A B
o A
A B
B
Orifice o
A B
B

50 CC.

Mark 2
50p .
= — 1t kg/s
, kginf3
B
Orifice
VI = Kyflgh

Orifice C

16

100 CC.

(2.12)

orifice

float-feed



2.10

2.2.3

180°  720° crankshaft

2.2.3.1. Tank and Orifice Method

| el

1

i

1 B

3]

R
N
~
4. =

7
& S
i
X 42

¥3 gl s
i B

o o bt |

£l o L’}E B
BT

Orifice Flowmeter ]

(Measurement of Air Supply)

Orifice

laminar flow

17



Pressure
Energy ( Bernoulli's ) equation
Orifice

2AP

= (m
o ]YPair (i)

mass flow

M air = Pair Xir-Ao-Cd . (kg/s)

M air = C1LAOA2 AP p air -, (Kg/s)
cd = Orifice

( the coefficient of discharge of the orifice)
A0 = Orifice (m2)
par = (kg/im3)

Pressure Drop (AP)

AP =pwAH.g ,(N/m2

pw =
AH =

M air- CyjAH.[?air , (kg/s)

C=CdA0.M2¢q.p,

18

Orifice

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)



flow

TI 211

4.57x106Xc/4E

(2.18)
d = Orifice (m.)
E = 1 2
2 4
Vs = ( 139
Nmin = ( rad/s)
|,THERMOMET€R
ORIFICE
PLATE
TANK
MANOMETER
INTAKE
ENGINE
2.11 Tank

Orificend

2.2.3.2. ( Viscous Flow Air Meter )

viscous flow air meter

2.12

laminar
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’ test section

2.13
AIR FILTER
\ MATRIX
| 2 -
INTAKE > ENGINE
—— e f—
5 >
) I
unessuns DIFFERENTIAL
TO MANOMETER
2.12 Viscous Flowmeter
90‘_
m.
= 70
5 &y
> 601 v,
t‘ Y
< S
® 501 7
B3 -
o 49
-t
w40
w
=
S sl
(o]
>
L
< 20
101

0 20 40 60 80 100 120 140 180 130 200 220 240 260
PRESSURE DROP ACROSS MATRIX &H mm H,0

2.13 Calibration viscous flowmeter ]

2.2.4



2 Absorption Dynamometer
Transmission Dynamometer Fluid Dynamometer

Absorption Dynamometer

Fluid Dynamometer 2 friction
agitator'2L friction
Viscous Shearing rotor stator agitator
rotor stator
2.14 friction brake disk
(Case)
c
( )
disk rotor vane rotor
—— Water
Inlet
Resevoir

N

AN

[f 79727074000,

[ K08

A A

losresdisioe.

NVWRRTAWVWAVA WA
\\\\m\\“\\\v(\\\‘ - \'\&\\\\\Q\‘\\\\\\
N NN

=5
N

2.14 Viscous water brake' '



2.15

2.15

2.16

SRR

A

Heenan-Froude water brake

NI,
” }‘

\\\\\\\\é«,

\LIEAY

=i
b |

Fluid Dynamometer

Fluid Dynamometer agitator

_.«/4'-"!,

3
‘@%‘\ Ml
M '\\'.'V 2
\‘
SR
R, 71
Water —
Inlet | T
Valve v
L N 7
|\ %
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3
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7
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s el
/ z
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2.16

Heenan-Froude water brake'2l

agitator



1 vane rotor vane stator 1 rotor

2.3 (Driving Pattern )

ECE.R83 annex B

mode ECE15 ' 217
ECE 15 1 cycle 1 cycle
1.013 195 . 18.1
50
.cycle distance:  1.013 km
no. o! cycleltest:
duration of cycle: 195
driving speed average speed: 18.7 km/h
[km/h] max. spee'd: ﬁ m/h
idle time: %
o1
50 '

40 «

30 -

0 Z \
Q i At
10 50 100

150 time [s]) 200

2.17 E.C.E driving mode

23
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