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Fuel injection system
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Benjamin Kraus, Sebastian Wolf, Jirgen Fischer Knock and irregular
combustion —challenges for the new turbocharged, High performance
four-cylinder AMG engine (2016)
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Aftribute Data Unit
Engine model M133

Engine layout R4

Displacement 1991 cm?®
Bore 83 mm
Stroke 92 mm
Cylinder distance 90 mm
Rated Power 265 kw
@ engine speed 6000 1/min
Rated torque 450 Nm
@ engine speed 2250 -5000 1/min
Maximum engine speed 6700 1/min
Compression ratio 8,6

Valves per cylinder 4

Maximum boost pressure (relative) 1,8 bar
Weight (DIN 70020-GZ) 1478 kg
Fuel type RON98

M133 Lulull) & jaall cilily 1(23-1) Jsil)
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Arndt Dohler, Stefan Pritze A contribution to better understanding the pre-

ignition phenomenon in highly charged internal combustion engines with
direct fuel injection (2011)
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Torgue = 280NmM @ 1650-4250rpm
Power = 125kW @4250rpm

BMEP = 22bar

Displ. = 1598cm?®

Bore = 79.0mm

Stroke = 81.5mm

CR=10.5:1

Valve diameter Ex/In = 27.5/30.9mm
Opening Duration Ex/In = 186/191°CA
MOP Ex/In =-125/80°CA

Central mounted multihole injector
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Sebastian Ohler New approach to the determination of knock onset (2013)
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Test engine:n = 1.32
Start = 300°CA
End = 500°CA
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Filippo Cavanna, Nicola Garagnani, Riccardo Lanzoni, Stefano Sgatti, Massimo

Zanotti Knock detection strategies based on engine acoustic emission
analysis (2013)
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Intake efficiency

0.7

0.8

FL

Pressure: 30.. .50

Central Vib-
2000 30_.60

Omni Mic:
50...130

Pressure: 35...55

Central Vib:
30...60
Omni Mic:
70...120

Pressure: 30.. 60

Central Vib:

3000 30...50

Omni Mic:
50...150

Pressure: 30_..55

Central Vib:
30...40
Ormni Mic:
80...160

3500 -

Engine speed

Pressure:
45...100

Central Vib:
40...60
Omni Mic:
40...180

Pressure:
25...120

Central Vib:
30...60
Omni Mic:
80...180

4000 -

Pressure: 20...65

Central Vib:
20...30
Omni Mic:
50..170

Pressure: 10_..70

Central Vib:
-30...30
Ormni Mic:
60...170

5000 -

Pressure:
45 105

Central Vib:
40...50
Omni Mic:
120...170
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Yasuo Moriyoshi, Tatsuya Kuboyama, Taku Kondo, Hiroshi Sono Reduction in

knocking intensity of an Sl engine by in-Cylinder temperature
stratification (2014)
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Ok
(@) Mixture tank
(@ Electromagnetic valve () Chilled water tank ({0 Spark plug
(3 Sequencer (@ Water flow unit @ Pressure transducer
@ Laser position sensor Pulse generator (i) Two-wire thermocouple
(5 Heated water tank @ 12V Battery (13 WE800(data logger)

L 2l 3 3¢ (37-1) Jsdl

Bore x stroke

@ 80.4x95 mm

Compression ratio

9.1

Fuel (RON, Boiling point)

n-butane (94, -0.5C)

Initial intake pressure (at BDC)

90 kPa

Spark timing

20, 30 deg. BTDC

Temperature of mixture

303 K

Fuel/air equivalence ratio

1.0

L il gyl (2-1) Jgaadl
sie Y il e Ailsh ul) Jaly Laa 3l gyha daal Al cilayysll (38-1) S sy
BlSlas CAL\)J e\..\';'iu\._’ l.g_'\.w; ("‘35' g_\,); (BTDC 0303 020)
Ul el 39S 8380 Ailshaudy) (uly o) &5 clail) 8 L JledY) drad pase ) e Al

ToaxToin

Wall temp. |

Pattern | o e | aversgercy | @ @|@|@|e|e|@|®
A(65-65) 0 65.0 |6 '
B(79-44) 35 65.2

C(44-79) 35 65.3

D(48-81) 33 64.9

Spark plug

Ll ghaald) Ao glaal) 3 ) o da il Ay il cilalaey) (3-1) Jgaadl
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chal (e € IS0 iy gl il oladl e Gagae el olady) Jd (gyhal) il
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Paul Freeland, Marco Warth, Bernd Mahr Minimising autoignition for
optimum efficiency in high specific output spark ignited engines (2016)

datia -1-8-1

Lasha) & ) skl Jlael (e 335ale (MAHLE 38, 5 gl (g 8)lide A8l e canll a3,
el Aigyall i 8 ALalSiall el Adled bl 3 1.2 A lilsh w1 D6 S ma aladi il
LA JlaiiN) aal

Jeinise LS e Jalaal) laal Aysllae ()i ills Al Ji Cle gane e 8 Al wall ¢ glallg
Al Al Ao Ui 50l pe & adll

DY) djaall clialgay asaal —2-8-1

el liial gl (adle (39-1) JSE an

Configuration InLine 3

Swept Volume U] 1.2

Bore [mm] 83

Stroke [mm] 739

Compression Ratio* 93

Turbocharger BMTS

Peak Power Wl |120 (from 5000 min”)
Specific Power kWi 100

Peak Torque [Nem] 287 (1600-4000 min™')
BMEP [var) 30

Engine Management MAHLE Flexible ECU (MFE)
Injector Central GDI (7-hole)
Spark-Plug Central M10

Engine Weight (va] 125

it gesign sparaon
MAHLE & jaal Zpulad) Jralil) £(39-1) Jsil

gl -3-8-1

roblkial e e )z lisg QS ) paa (i ¢

S paall Lpadl Glysall Cile ys vie gl dgun die s 33l & yaall Aal) dan 3 35 s dagd (aid —1

LY Al Jlad apanaiy llghan) e Unil ayy0 aladl Jlad apenaiy

deUxindy 30 bar Jlad Jasca lavgiog 12:1 Jabias) 4o ) Jyaal) (S 2aLad) Jag 3l (Gaiaty —2

Kw/L 100
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General 4-cylinder in-line
architecture Four valves per cylinder
All-aluminium
AJ133 cylinder block converted to single-bank operation with the
Construction A Bank (right-hand side)
Siamesed liner pack to facilitate reduced bore diameter
Dedicated cylinder head
Bore 83 mm
Stroke 92 mm
Swept volume | 1991 cc
Firing order 1-3-4-2
Combustion Pent-roof combustion chamber with asymmetric central direct
system injection and spark plug

High-tumble intake ports

Auxiliary port-fuel injection

Secondary spark plug position possible in the under-intake-port
location

Compression | 9.0:1

ratio

Valve gear Chain-driven double overhead camshafts with fast-acting dual
continuously-variable camshaft phasers (DCVCP)
Cam profile switching (CP3) tappets used on inlet and exhaust

Charging Low-pressure stage: Gamett GT30 turbocharger with separate

system wastegate
Inter-stage off-engine charge air cooler
High-pressure stage: clutched Eaton R410 supercharger with
overall 5.6:1 drive ratio (later changed fo 5.9:1 - see text)
Engine-mounted water-cooled charge air cooler
Supercharger bypass

EGR system Off-engine low-pressure loop configuration

Engine Lotus ‘Euro 8" ECU

management

system
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STATUS OF MAZDA'S FUEL ECONOMY
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n-alkanes 9 n-Butane 4.3
(CaHzns2) n-Pentane 1.9
n-Hexane 1.5
other n-alkanes 1.3
iso-alkanes 43 2-Methylpentane 14.3
(CaHzns2) Isopentane 5.8
3-Methylpentane 4.1

Isooctane 3.5
2-Methylhexane + 2,3-Dimethylpentane 3.5
2, 3-Dimethylbutane 3.3
other iso-alkanes 8.5
aromatics 34 Xylene (CsHs.2CHSs) 10.2
Toluene {CeHs. CH3) 2.0
1,2,4-Trimethylbenzene (CsHs.3CHz) 2.6
Ethylbenzene (CeH:s.CaHs) 2.2
m-Ethyltoluene ({CsHs.CH=.Cz2Hs) 1.7
other aromatics 9.3
alkenes 11 2-Methylbut-2-ene 1.9
{CnHzn) Pent-2-ene 1.5
other alkenes 7.6

cyclo-alkanes 3
{CHHZR}
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Vaporization
energy/ heat  Stoic  Equiv. Latent
Net heat of Latent heat of of air/fuel heat of
Fuel type RON MON (R+M)/2 Combustion vaporization combustion  ratio  vaporization AT air
MI/kg Mi/kq Ml/kg air K

Gasoline 42.8 0.30 0.007 14.6 0.020 -28
Ethyl t-Butyl Ether 118 102 110 36.3 0.31 0.009 12.1 0.026 -35
t-Amyl Methyl Ether 111 98 105 36.3 0.32 0.009 12.1 0.027 -36
Toluene 111 9% 103 40.5 0.36 0.009 13.5 0.027 -37
Methyl t-Butil Ether 116 103 110 35.2 0.32 0.009 11.7 0.028 -37
Diisopropyl Ether 110 97 103 38.2 0.34 0.009 121 0.028 -39
t-Butyl Alcohol 103 91 97 32.9 0.60 0.018 1.1 0.054 -74
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Spark-ignition engines:
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Large engines, 28 10-12 0.4-1 12-3 110400 917 2-8 12-50 180
marine and
stationary
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24 Stinger 4 Tuning System

File ECU Goto Application Settings Help

W Temp 000
ATemp 000
0000
0000

0000
o000 RIRIRRERERTRRN

Staged In;

Inj Cap
Timing
TPS
AFRT

Batt Volts 13.6 Inj
0ff Line - Not Cammunicating

o=

5
0] il

Fuel MAP

Igrition MAP | Bost Start | Tune Analyser | Trims

Fusl Temp Comp

lgn Temp Comp | Fuel MAP Dveride

Ign MAP Oyeride

0
100,00 Kpa

Tune Analyser
Fieads

Taiget AJF
Actual AF

Change
¥ Show Crosshairs

Clear Trace.
Exclude trom Apph)

ECU Version [ OFF LINE |

ECU 0 gl 44215 (8-8) Js&

file > open >tune LalE (e @llys lu Lgine Cale (e 3e @) (Say
ad o Apbaad) Aad) gl b el 6 ofs Agase 0585 o ang pSail Basg (e B0l

.Ecu>on-line ahadia JSiy

candl) Qs e cilegleall Jis T & Ecu> Read from Ecu se )l
& LS GO to>EcU Setup 4ailé (s clly arsiusall dlyaall ciliaalsal g ECU— Culfial)ls gy sy

(9-8) Jsai

& Stinger 4 Tuning System

File ECU Application Settings  Help

W Temp Auxiliaries Ctrl+A
A Temp ECU Setup Ctrl+E /
Inj Cap Tuning Crl+ T 2
Timi Calibrai Ctrl+ C 240 0000
|m|ng alioraion Tl 220
TPS Aurilary Display Ctrl+ X fgg
AFR1 Ignition Simulator Ctrl+N 160
140
Batt Volts Float Gauges Ctrl+G 120
Off Line - Data logging Ctrl+D 123
. Display user defined gauges Ctrl+Alt+G ;é'a .y 60
- . B 40
= Define Gauges 100 ‘. 0
s 17~ . 1257 u
4 1 28 150>
- 14 = -
=3 M : 250 Load 1757
-2 1000 15 < KPa =
g 16 .~ 75 200.°
e b ", 100 b
i
0 0
Fuel M&P | lanition MAP | Post Start Tune Analyser | Trims Fuel Temp Comp Ign Temp Comp Fuel MAP Overide lgn MAP

0
-100.00 Kpa
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24 Stinger 4 Tuning System
File ECU Goto

Output Control Circuts:
Cicut1 | Citouit 2

Circuit 3

Select Dperation Mode

o 0K
" 1. RPM Activated Relay Cantrol

™ 2. Pressure Activated Relap Control

”)

3. TPS Activated Relay Conbiol

73

3

)

6. RPM + TPS Activated Relay Control
7. Fuel Pump
8. Tacho Dutput

3. RPM P Duty Contral

0 IS IS B

10, Pressure Ph/M Duty Control

”)

11. TPS PhfM Duty Conbol

73

12, Idie Speed Control

3

13, Spare
14, Spare
£ 15, Engine Temp + TPS

“Action

Reversz Acting [

4 Stingerd Tuning System - D\ems all thing\my maps\fat fuel after LEM4

File ECU Goto Applicetion Settings Help

Application Settings

4. Engine Temp Activated Relay Control

6 RPM + Pressure Activated Relay Control

Help

Input Control Circuits

Circuit 4

Options 1 -5

On above RPM
O above RPM

On below RPM
Off below RPM

_ U :
5 5
H 5
= 3
z H

L
] K] KO

E=S

Auxiliary Control Settings

Ot sturkP

Relay onfoff Duty

Up Ramp

Down Ramp

i @

Test Clear

Base F\WM Frequency |3923.00 Hz -

ECU Version |01

TAY G aladll @il G (10-8) Ji

LSy algall 038 (o L chage 12 55 o) ylaal) sda alii i oS 2 5las raysall ECU JI (e
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Tune Analyzer (Jadil) o)) Jas - &

Al elal JealY Jgemsll dymall Qs ¢ L] s2e Lsall EMS 4855 U8 (0 percae 8

W Temp 000
ATemp 000
Inj Cap 0000
Timing 0000

TPS 0000

aert - ooon [HTANNNE

Batt Volts 13.8  Inj Ms 6ms Staged Inj |l
Off Line - Not Communicating

(==12-8) (i-11-8) Jsall & s Tune analyzer

(1-11-8) Jsd
13 Jlaa

0

i &l
EuelMAP | lontion MAP | PostSat | [ Tune Anabser | Trims | FuelTemp Comp | g Temp Comp | Fuel MAP Dveride | Ign MAP Dyeride

AclualAF Ratio TargetF Ratio | Read Caunt 0
CERNE ‘snn ‘ 750 ‘mnu 1250 ‘mnn ‘znnn ‘ 2500 ‘3nnu ‘ 0 ‘AEIEIEI ‘AEDD 5000 ‘asnu ‘ 6000 ‘ssnn ‘7 T
B00Kpa [125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 N e
4000Kpa 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 1 i
A0Kpa |13 1 13 1 13 18 1 13 1 1 1 1 12 1 1 1 1 Run b
000Kpa |13 1 13 1 1 13 1 11 12 1 13 1 11 12 1 [r—
2000Fpa 135 135 135 125 135 135 125 135 135 135 135 135 135 135 1 Exchud fom dosly
4000Kpa [138 135 135 135 135 135 135 15 135 135 135 135 15 135 1 || T FatResd
B100Kpa |135 135 135 125 135 135 135 135 135 135 135 135 135 135 135 135 1

[8000Kpa 135 135 135 135 15 135 135 135 135 15 135 135 135 135 15 135 1

(10000 Kpa 125 135 135 125 135 135 135 135 125 135 135 135 135 135 135 135 1-
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Stinger 4424 v 4.0 Ecu external igniters reguired

1
1 3|4 |56 |7 |8 10/11 )12
13 |14 |15 |16 |17 |18 |19 |20 | 21|22 |23 |24

Viewing Front Ecu Socket

Yellow / Green
Black Ground 9

Fuel only
- coil Sw
Adaptor

Black Ground| 5,
J Biue
Blacks to
Chassis
©  Ground
Distib Green Trig 3
istributor or
Shielded
Crank Angle pv
Sensors = C 5 Yellow _Sync 20
D [ ‘ Red
s

Red

Front Ecu Socket

40 &
_ Battery 4+ Fuse + 12V Batt,
Blue Eng Temp 7 Ohums max. 3 injectors per autput
i —
YiG
Orange / Black  Air Temp Prim. Inj. Yellow
= 13 23
iG ) Lé—| Lé
Red f Blue +5V 11 Prim Inj White
Throttle 22
Pasition - %
W 5 %
Sensor te/ Black ignal 6 Sec /Prim, Inj Red/Black

Series Connections

Yellow

w3
Y /Bl Input 7 1 Ign 1 Pinlk ¥
13 Ign2  Orange /Red
Ign 3 Grey/Black
9 Yellow / Red

White Bosch Wide Band

White

Lambda Sensor
0258-104-002

4
FRed / Black Coil
%_%r Ignitet]
Green / Red
CEE L G
PLEASE NOTE:
Forinjector 2.4 - 4.5 Ohins
Zinjectorsmax per output ON THE RELAY PIN 86 MUST BE 12V
MOTE: Max current per injector ‘ON DIODE FROTECTED RELAY
output 4 Amps
r TITLE Stinger 4424 V4.0
$ IEATE 26-086-06 [ CHEK IDRWG
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Load Source
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[ Sensor Setup r Engirne Control
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) Glysa Aoy =2
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Aoyl -5
L4l gcm\ Sl —6
A el dads A =7
caall o156l 3)ha 42 —8
2l ol Byl dapn -9
gidBliag %3 duecd vie Lady) milii -
(179) Jsaall il = hal 25 HLad) el aey
dusd
%3
Ao | A0 | L | ddig Al | Dl | Aot | il | ajadl | 4 ju
B A | s | ks | adall [ WA KW | e | N.M | Ouge
slall | slsgd) | slsgdl | (%) | ARl | aggM ) & aal)
°C C | 2888 | Keyaew) | Keerm | L/h BAR r.p.m
69 40 14.7 | 11.20 28 4.42 4.6 -0.1 88 500
69 40 14.7 9.14 24 4.42 4.8 -0.11 | 87 525
69 40 14.7 8.35 24 4.42 5.1 -0.15 | 85 575
68 40 14.7 6.40 20 4.42 5.6 -0.16 | 86 625
68 41 14.7 4.74 16 4.42 6.0 -0.27 | 85 675
68 41 14.7 1.64 8 4.42 8.6 -0.23 | 84 975
69 41 14.7 0.00 0 4.68 9.3 -0.31| 70 | 1275
69 41 14.7 0.00 0 4.85 8.6 -0.43 | 52 | 1575
69 41 14.7 0.00 0 5.10 8.1 -0.46 | 39 | 1975
69 41 14.7 0.00 0 5.10 4.8 -0.55 | 21 | 2175
68 41 14.7 0.00 0 5.53 1.3 -0.6 5 2475
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(500)r.p.m @ 88[N.M] ajell ind e als
.(975-500) r.p.m @ 4.42[L/h] 25851l Dlgin of aly
2235 (1200 1.p.Mse i) dimidiall cleyull vie GBliaY) dlee Ha ) gdiall seds s a5ay
cele e dgma dee Jlae 4 et A Aepud) Jlal)

\gidBliag %5 dusa die LEAY) @il -

(2-9) Jsaalls gl 2l & LAY elyn] 2

IS

%5
aA.J.\ aA.Jd :L.wu 3&&5 3&&5 tﬂﬁ.g."m'x’\ M‘ ajﬂ‘ :LCJ».«
B | A | bl | adall V| ol | dotaia) | panay | N.M | o)use
slall | elogdl | elogd) | (%) | ARBaly | agisl KW | ol & o)
°C C | 2888 | Keyaew) | Keerm | L/h BAR r.p.m
68 | 41 | 14.7 | 10.88 | 34 4.51 6.1 0.12 | 93 | 625
68 | 41 | 147 | 9.71 34 4.51 7.4 0.12 | 101 | 700
68 | 41 | 14.7 | 8.28 32 4,51 83 |-0.12| 102 | 773
69 | 40 | 149 | 7.54 31 4.25 89 |-0.13| 103 | 822
69 | 40 | 14.8 | 5.95 29 4.08 10.7 |-0.13 | 105 | 974
69 | 40 | 149 | 4.55 29 4.08 13.9 |-0.21 | 104 | 1276
69 | 40 | 149 | 0.83 8 4.17 16.5 |-0.32 | 82 | 1921
69 | 40 | 149 | 0.00 0 4.25 16.3 | -0.33 | 77 | 2023
69 | 40 | 14.8 | 0.00 0 4.34 15.3 | -0.36 | 69 | 2115
69 | 40 | 15 0.00 0 5.10 11.4 | -0.47 | 44 | 2475
70 | 40 | 149 | 0.00 0 5.53 22 |-053| 7 | 3015
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o Olsall ey Cumidil LalS 48BS alagig Lgisales (2000)r.p.M Acyull dlae & pinall sela Taadls
(625) r.p.M @ K cyclee)=11% 41 dad b alys ajall sl
-(974) r.p.m @ 105[N.M] ajal dad lef als
.(1250-975) r.p.m @ 4.08[L/h] 35851 @Bleind ol aly
LPM 4 Jebay 52 Aoyl Jlas aayy dmidial) clejul) vie Jaall 324 ) gieall sels s 35
e el Gy G @haall Jinti Ll e gging Jas Jlas (2000)

lgiddliag %10 duca die jLady) milis -

(3-9) Jsanlls gl zhal & LAY elyn] 2
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%10
aA.J.\ aA.Jd :L.wu 3&&5 3&&5 tﬂﬁ.g."m'x’\ M‘ ajﬂ‘ :LCJ».«
B | A | bl | adall V| ol | dotaia) | panay | N.M | o)use
slall | elogdl | elogd) | (%) | ARBaly | agisl KW | ol & o)
°C C | 2888 | Keyaew) | Keerm | L/h BAR r.p.m
69 | 43 | 15 | 10.71 | 34 4.34 6.6 0.02 | 99 | 635
69 | 43 | 15 8.65 32 4.34 8.1 0.01 | 104 | 740
70 | 43 | 149 | 6.59 30 4.23 10.2 | 0.08 | 107 | 910
70 | 43 | 149 | 6.04 29 4.17 11.1 | 0.07 | 110 | 960
71 | 43 | 149 | 5.69 29 4.08 12.0 0 | 112 | 1020
72 | 43 | 149 | 471 28 4.00 14.2 | -0.07 | 114 | 1190
71 | 43 | 147 | 3.28 26 3.94 19.7 |-0.07 | 119 | 1585
70 | 42 | 147 | 2.38 24 4.00 25.3 | -0.1 | 120 | 2013
70 | 42 | 147 | 1.66 20 4.08 25.9 | -0.17 | 103 | 2407
70 | 42 | 147 | 1.24 16 4.25 240 |-0.26 | 89 | 2579
70 | 42 | 14.7 | 0.00 0 4.93 16.7 |-0.38 | 53 | 3012
70 | 42 | 14.7 | 0.00 0 5.53 146 |-0.39| 40 | 3488
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Ol e pu Cumidi) LS 43ES 23355 Listlas (3000)F.P.M Aejud) Jlae & il sels Laadls
(700) rp.M @ K oyoleo=11% 4l iad e gl

.(2000) r.p.m @ 120[n.M] a3l iad lef als

.(1600) r.p.m @ 3.94[L/h] 35850 Dl ol iy

sngy s giall lepud) I oalsiely Aumitiall eyl vie Joal) 80k ) pieall sels s 35my
Ayaall dage Jirlis By o gy Jae laa Leisales (3000)r.p.M 43 ey 3l Ayl Jlae
e Gl ey @l

lgidBliag %20 duca die LadY) guilis -

(4-9) Jsaalls gl 2l & LRV elyn] 2

dusd

%20
Tayl | oyl | dows | ABGS | W3S | D@y badl) | agadl | Aoy
s | s | bld | adall | phall | eludl | AcUkiud) | genar | NM | Oose
slall | ologd | slsgd) | (%) | ARBAG | 2l | KW | ) o jaal)
'C | °C | 2880 | Keyctew) | Keerm | L/h BAR r.p.m
70 | 47 | 147 | 6.73 24 4.34 8.0 | 0.08 | 107 | 713
70 | 47 | 147 | 571 23 4.20 9.2 | 0.07 | 109 | 805
70 | 47 | 147 | 5.11 28 4.06 13.8 | 0.07 | 120 | 1095
70 | 46 | 147 | 4.02 24 4.06 16.2 | 0.04 | 130 | 1194
70 | 46 | 147 | 3.49 26 3.91 206 | 0.1 | 132 | 1489
70 | 46 | 149 | 3.27 28 3.91 242 | 0.1 | 135 | 1710
70 | 46 | 149 | 2.82 28 3.91 30.6 | 0.14 | 147 | 1988
70 | 45 | 149 | 2.19 24 3.91 36.3 | 0.15 | 158 | 2195
69 | 45 | 149 | 1.94 24 3.91 40.2 | 0.15 | 155 | 2478
69 | 45 | 149 | 1.06 16 3.91 46.5 | 0.14 | 148 | 3005
69 | 44 | 149 | 0.54 10 4.08 50.3 | 0.1 | 129 | 3725
69 | 43 | 15 | 0.30 6 4.17 53.0 | 0.09 | 127 | 3989
69 | 43 | 15 | 0.00 0 4.51 51.6 | 0.07 | 109 | 4523
69 | 43 | 15 | 0.00 0 4.85 49.2 | 0.01 | 93 | 5050
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.(3000-1500) r.p.m @ 3.91[L/h] 35851 @Bleind ol al

sagy A giall Slepudl I oalsialy Amiaial clejud) vie Jaad) 535 ) pieall el s 35m

Ada (aldnl)

lgiddliag %30 duca die jLady) milis -

(5-9) sanlly il 2l & JLEaY elya) 2ny

dus

%30
B0 | Gt | dpwd | ABGS | GBS | g AT AT I P
A [ Bua | bl | adal) V| el | dotaia) | panay | N.M | O)use
slall | ologd | slsgd) | (%) | ARBAG | 2l | KW | ) o jaal)
°C C | 2888 | Keyaew) | Keerm | L/h BAR r.p.m
69 | 42 | 14.7 | 3.07 31 3.91 37.0 | 0.09 | 176 | 2019
69 | 42 |14.7| 3.04 32 3.91 38.8 | 0.07 | 176 | 2103
69 | 42 | 147 | 2.78 32 3.91 441 | 0.07 | 187 | 2300
69 | 45 | 14.7 | 1.68 26 3.94 64.2 | 0.01 | 198 | 3095
70 | 45 | 147 | 1.50 24 3.91 64.5 | 0.01 | 190 | 3200
70 | 45 | 147 | 1.29 22 3.91 65.2 |-0.01 | 182 | 3400
70 | 45 [ 147 | 1.10 20 3.91 70.0 |-0.04 | 185 | 3625
70 | 46 |14.7 | 0.83 16 3.94 71.8 |-0.06 | 178 | 3845
70 | 46 |14.7 | 0.50 10 3.98 725 | -0.1 | 172 | 4010
71 | 46 | 147 | 0.28 6 4.03 75.0 | -0.1 | 170 | 4297
71 | 46 | 14.7 | 0.18 4 4.08 77.3 | -0.11 | 163 | 4510
70 | 46 |14.7 | 0.00 0 4.17 78.2 | -0.13 | 159 | 4700
70 | 47 |14.7 | 0.00 0 4.20 79.0 |-0.14 | 155 | 4843
69 | 47 |14.7 | 0.00 0 4.25 79.1 |-0.16 | 151 | 5010
69 | 47 |14.7 | 0.00 0 4.28 80.0 | -0.2 | 148 | 5137

%30 s s 2o A 5¥) A jall il (5-9) Jsaa
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Adlally Aangiall Cilepudl I saliialy Amaiiiall Cilepudl vie Jaall 33l ) pieall sels s 2n,

A1 @aall dage Jins Ll e (ssins Jae Jlaa (4500)F.0.M 43 el o3 Al Jlaa 2ag

.(3600-2000) r.p.m @ 3.91[L/h] 3585l eDlgin o

.(3100) r.p.m @ 198[n.M] a3ell iai el &l

lgidBliag %40 dusa die HLadY) milis -

{(679) Jsanlls il 2l &5 HLEaY) el axy

-

A d

%40

aAJ.\ aA.Jd :L.wu FHES FHES tﬂﬁ.g."m'x’\ Jaraal) ajﬂ‘ :LCJ».«
Syl | Byl | huld adal) b sl doliny) | aedas [ N.M | Olus?
slall | elsgd) | &) sgd) (%) BBl | 448l K.W ) & janal)
C | ‘C |28 | Keycer) | Keerm | L/h BAR r.p.m
69 47 15 4.46 26 4.23 22.0 0.01 | 160 | 1165
69 47 15 3.66 24 4.22 26.8 0.04 | 185 | 1313
69 47 | 14.9 2.67 20 4.20 30.0 0.03 | 186 | 1500
70 47 | 14.9 2.74 26 4.00 37.0 0.03 | 186 | 1900
71 47 | 14.9 2.67 28 4.00 45.0 0.03 | 190 | 2095
72 47 | 14.9 2.46 32 3.94 61.0 -0.02 | 191 | 2600
73 47 | 14.9 1.93 28 3.91 62.0 -0.05 | 187 | 2900
72 48 | 14.9 1.50 24 3.91 60.0 -0.08 | 187 | 3200
72 49 | 14.8 0.85 16 3.91 65.3 -0.14 | 181 | 3744
72 49 | 14.8 0.72 14 3.96 66.3 -0.15 | 181 | 3900
72 50 | 14.8 0.28 6 4.05 67.0 -0.2 | 165 | 4300
72 50 | 14.8 0.00 0 4.11 67.0 -0.23 | 150 | 4500
72 50 | 14.7 0.00 0 4.11 67.0 -0.23 | 145 | 4700
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(1 165) r.p.m @ k cycle(%):4% 4] K.A;é L_Aci CJJJJ

.(2600) r.p.m @ 191[n.M] a3l iag lef als

.(3700-2600) r.p.m @ 3.91[L/h] 35851 @Bleind ol aly

Aallally Adass il clepudl I oalsialy Amitiall clejull vie Jaall 535 Y pdeall jsels Cuns 35n
Iyl daga Jiii Bl o ging Jac Jlas (4500-500) 43 el 3l depudl Jlae 3
iéBliag %60 duss dis jLIAY) ~ -

(7-9) ol i) #1325 LRyl el jal am

-

A A
%60
s | s | kil | adall V| Sl | delaind) | pazas | N.M | Olosd
slall | slogd) | slogd) | (%) | ARBalL | agd,l KW | el & aal)
°C °C 4‘93‘9“ Kcycle (%) KPERM L/h BAR r.p.m
69 42 14.7 | 13.60 34 4.85 1.3 -0.08 | 73 500
69 42 14.7 | 12.19 34 4.51 5.1 -0.08 | 88 558
70 42 14.7 | 11.75 36 4.34 6.9 -0.02 | 105 | 613
70 42 14.7 7.53 32 4.25 10.7 0.01 | 115 | 850
71 42 14.7 6.32 30 4.28 12.0 0.03 | 127 | 950
71 42 14.7 6.00 30 4.28 13.6 -0.03 | 139 | 1000
72 42 14.7 4.89 26 4.25 17.5 0 152 | 1063
72 42 14.7 4.79 26 4.25 19.4 0 160 | 1085
73 42 14.7 4.39 26 4.25 20.2 0.02 | 169 | 1185
73 42 14.7 1.51 24 4.25 48.0 0.05 | 171 | 3170
72 43 14.8 1.37 24 3.91 56.6 0.03 | 180 | 3500
72 43 14.8 1.08 20 3.91 69.0 0.02 | 190 | 3700
72 43 14.8 0.84 16 3.91 70.0 0.01 | 191 | 3800
72 43 14.9 0.70 14 4.00 73.9 -0.01 | 192 | 4000
72 43 14.9 0.59 12 4.00 75.0 -0.03 | 187 | 4100
72 42 14.9 0.48 10 4.00 77.0 -0.03 | 181 | 4200
72 42 14.9 0.37 8 4.05 77.0 -0.04 | 181 | 4300
72 42 14.9 0.27 6 4.08 78.0 -0.04 | 177 | 4400
72 42 14.9 0.18 4 4.08 78.0 -0.04 | 168 | 4500
72 42 15 0.00 0 4.17 78.0 0.14 | 165 | 4633
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eyl I saltialy Aumiiall cilepull die € IS Jaall 30l ) adeall sels s 2ns
L e gsing Joe Jlae Ligles (4600)r.p.M 4y seday 53 dejual) Jlae 2ays lally ddans sial)

S el 5308 hpunl iy o Sy (B2 ) Ul 138 o diginy il dago Ji

.(3800-3500) r.p.m @ 3.91[L/N] 3585l eDlgin i

lgiddliag %80 duca die jLady) milis -

(8-9) Usaalls il zhal & LRV elya] 2

-

A4S A

%80
B0 | Gt | dpwd | ABGS | GBS | OgEWY) AT AT I P
A [ Bua | bl | adal) V| el | dotaia) | paney | N.M | O)use
slall | ologd | slsgdl | (%) | AR8aly | agigll KW | o) & o)
°C C | 2888 | Keyaew) | Keerm | L/h BAR r.p.m
73 | 42 | 147 | 2.59 22 4.68 38.0 | 0.12 | 230 | 1700
73 | 45 [ 147 | 2.50 20 4.68 42.0 | 0.12 | 232 | 1820
73 | 46 | 147 | 2.53 24 4.68 42.0 | 0.12 | 232 | 1900
73 | 47 |14.7 | 2.40 24 4.68 46.5 | 0.14 | 233 | 2002
73 | 47 | 147 | 2.09 24 4.68 52.0 | 0.14 | 238 | 2300
73 | 47 | 147 | 2.09 24 4.68 52.0 | 0.14 | 238 | 2300
73 | 47 | 147 | 2.00 24 4.68 56.0 | 0.14 | 239 | 2400
73 | 47 | 147 | 1.92 24 4.68 60.0 | 0.14 | 239 | 2500
73 | 48 |14.7| 1.85 24 4.68 65.0 | 0.14 | 241 | 2600
73 | 48 | 147 | 1.78 24 4.68 69.0 | 0.14 | 240 | 2700
73 | 48 | 147 | 1.66 24 4.68 72.0 | 0.14 | 241 | 2900
73 | 48 | 14.7 | 1.47 22 4.68 77.5 | 0.14 | 239 | 3000
73 | 48 | 14.7 | 1.27 20 4.51 740 | 0.14 | 230 | 3150
72 | 48 |14.7| 0.95 16 4.51 70.0 | 0.14 | 227 | 3360
72 | 48 |14.7 | 0.64 12 4.42 85.0 | 0.13 | 220 | 3760
71 | 48 | 14.7 | 0.37 8 4.25 91.0 | 0.06 | 201 | 4320

198

%80 Ausca die JAgY) s jall @ilii (8-9) Jga

JSEN b prals sn LS EXCEL gualin alasinls ohysall e jus ga e Uiy ajall ciliinia ausy o
.(22-9)




laell eyl galill Jugll

250 100.0
240
75.0
3 230 E
a
500 .
= !
Z 220 <
25.0
210
200 0.0
1500 2000 2500 3000 3500 4000 4500
R.P.M sl de ——:x —e—iclkil

%80 duse ! ¢l 532l A8 you gen AUkl g 2l cilginia (22-9) JSi

2 WS EXCEL gzealiy alasinly ghsall Aoy oyl ae 35850 Blginly adiall BB Clyinie au) o
-(23-9) Jsall & sl

250 5.00
I—I-I-I—I-I-I-I-I—I-I\._._\'_\. 4.50
240 4.00
3.50 ©
£
5
-~ 230 3.00 T
) S
2.50 .
s * 4
Z 220 2.00
1.50 ‘g)
S
210 1.00
0.50
200 0.00
1500 2000 2500 3000 3500 4000 4500

R.P.M sl de

——c = ol gl —k—k cycle(%)

%80%us Al () 554l A g a sl aa 3 8 1) gl g pdual) AUS Ciliiata (23-9) JLi
sl Ae pu Cicadd) LalS 45US Slayig Leasalay (4500)r.p.mM depud) Jlaw 4 pdiall jgels Jaadls

-(1700) r.p.m @ k cycIe(%)=3°/0 4] 4.8 gr“‘j éJ:‘-‘J

199




@lazll gl

galill il

Glepud) I oalxialy dmidiall Clejudl vie a8 IS Jeall 33l ) pieall jsels s 3gay
Lain e () Jalidl) dlee (puniy % 60 ey A jlie 4BUS mlidsl oy Adlally ddan gial)
Jae (4500)1.p.M 4x ks ) depudl Jlae days cdgiiial) aslall Cile (mléaily aiiyall calall

Gy o S (580 ag3all) Jlaall 138 e digany o paall dage Joindis bl&s e ging o

.(2900) r.p.m @ [N.M]241 apmll das e als

.(4300) r.p.m @ 4.25[L/h] 35850 Dleind ol &l

e aldl) g A @ padll 5508 gl

lgiddliag %100 A dic jLody) pilis -

(9-9) Usaalls il zha) & LRV elyn] 2

-

dusy
%100
aA.J.\ aA.JJ :L.wu 3&&5 aéus ﬂj.g-"\m\ﬂ BRWA| ‘aﬂ\ :\GJM
Bl | Blsa | Bld | ahall | pdial) | el eyl | &2 | NM | Ol
slall | glsgd | elsgdl | (%) | ARBaly| ag8sn ) & )
C | 'C |28 | Kece | Keerm | L/h KW | BaR r.p.m
(%)
69 41 14.7 7.00 28 4.59 13.9 -0.03 | 173 800
69 41 14.7 6.59 28 4.56 13.4 -0.01 | 174 850
69 41 14.7 6.22 28 4.56 15.4 0 179 900
69 41 14.7 5.89 28 4.56 16.0 0.01 178 950
69 41 14.7 5.20 26 4.54 17.2 0.02 179 | 1000
69 40 14.7 | 4.95 26 4.51 18.9 0.01 | 182.6 | 1050
69 40 14.7 | 4.36 24 4.51 20.0 0.04 | 185.2 | 1100
70 40 14.7 | 4.00 24 4.51 23.1 0.07 | 195 | 1200
70 40 14.8 3.66 24 4.51 24.6 0.1 196 | 1313
70 40 14.9 3.42 24 4.51 27.6 0.1 201 1405
71 40 15 2.88 22 4.51 31.2 0.1 217 1530
71 40 14.9 2.72 22 4.42 34.0 0.1 217 | 1620
71 40 14.8 2.07 28 4.34 69.2 0.16 | 219 | 2700
71 40 14.7 1.93 28 4.25 71.4 0.16 | 216 | 2900
71 40 14.8 1.59 25 4.08 76.6 0.15 | 206 | 3150
70 43 14.7 1.24 22 4.06 83.0 0.14 | 202 | 3550
70 43 14.7 1.04 20 4.06 87.0 0.14 | 200 | 3850
70 44 14.7 0.79 16 4.06 90.5 0.13 192 | 4050
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70 | 44 | 147 | 047 | 10 | 406 | 93.0 | 0.12 | 185 | 4250
70 | 44 |14.7 | 0.27 6 4.13 95.0 | 0.1 | 184 | 4400
70 | 4 | 147 | 017 4 4.23 96.5 | 0.07 | 184 | 4650
70 | 44 |14.7 | 0.00 0 4.25 95.0 | 0.06 | 180 | 4850
70 | 44 | 147 | 0.00 0 4.25 89.0 | 0.01 | 171 | 5050
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R.P.M Ol ds

4yl clue al) 43S o ) 9l Ae s aa KCYClE(90) Augiall dpuilly pduall 48Us (30-9) Joil

Aylal) gl Lsbany) Al 400 L el —4-9

O

:(31-9) JSalL mansall SPSS zalin e dblas) il iy

new data base 1.sav [DataSetl] - [BM SPSS Statistics Data Editor | = || &7 |[m23m]

sform  Analyze  DirectMarketing Graphs  Utiiies  Add-ons  Window  Help

B 400 %)

|visible: 6 of 6 Variables

cpm [ WM [ b [ km [ ke [ v [ v [ e [ e e [ e [ v [ v [ v [ v ]
500.00° 88.00. 90 28.00 8.90
525.00 87.00 89 24.00 10.90
575.00 85.00 .85 24.00 12.00
625.00 86.00 84 20.00 15.60
675.00 85.00 73 16.00 21.10
975.00 84.00 ' 8.00 60.90
1275.00 70.00 69 00 637.50
1575.00 52.00 57 00 787.50
1975.00 39.00 54 00 987.50
2175.00 21.00 45 00 108750,
2475.00 5.00 40 00 1237.50
625.00 93.00 112 34.00 9.20
700.00 101.00 112 34.00 10.30
773.00 102.00 88 32.00 12.10
822.00 103.00 87 31.00 13.30
974.00 105.00 BT 29.00 16.80
1276.00 104.00 79 29.00 22.00
1921.00 82.00 .68 8.00 120.10
2023.00 77.00 87 00 1011.50
2115.00 69.00 64 00 1057.50.
2475.00 44.00 53 00 1237.50
3015.00 7.00 47 00 1507.50,
635.00 99.00. 1.02 34.00 9.30 =
M |
(1B SPss statistics Processorisready | | | [ | J

SPSS vaiiall laal¥) malil (31-9) Jodd)
dplany) clalbaal) g g —1-4-9

Afilaa¥) Glalladl (any mua g (10-9) Jsaadl cpn il 280 (aje Jd
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AU dilaa) addl) Regression Statistics
iR Multiple R
geall 22 gl g e (o ol a8 989
9 Adlowy of il Al G a8 )11 12 g
Jstad ‘é:ﬁ\ el Aadl laaty) gadl i R &
u\ﬁ\wgﬁﬂwﬁuw‘g.qw\
Jan g 98 laniV) Jalad o gad o Ao 1A
o [ET I e R Square
Rl (e 1 G B Sy Al il LiCay g R"2
o A8 138 dad s ol e, dasaual)
Gy disie 0,3 (pe Dia i g jiuall ¢ dy B
138 (e Lgale Uilan, 4l Astaal) Jlaa) Lile
Jalail)
Juadl R a0 Adjusted R Square
\l@ﬁ)@awula Jyaall g laasyy
Sl 0 sl (i) Uadd) Standard Error
Jaiai Baga (il g Al pdinl) pUadY) jua
i)
cUaadlal) Observations
A laady) Regression
(Aial) Residual
At Total
i) Al aamg A8Me Lgd dgal) da o Df
Jsaal) e adaliil) dagd (i (g
) il iiall cdlalaa g (sl gid) pmid ) CBlalaa Coefficients
(< el
Lla F Significance F
Jeladl F F
o W Jial) Jaladl oS 13) pgdai dad &
ClS 1Y) Y ol Dad e Jale s ciual) il
Sigiad
Sall Jaladl @ e S8 .
| QA ) E.0.05 0 B I sig
Al yd Jglad oAl il (B s Jalo g2
0.1 ssbuud dad i 1 fi5a Jaladl any g 0 s
G dalal) 13 8 0.1 ge @) ¢ oSty
e s sgd misalll (e oalagial

Lilaay) clalhuaal) g g 5 (10-9) dse>

\gitling lany) (ladl) milis ~2-4-9
by dua Sl Jiudi bli g (Koeminute)iaall 43US yaast ddalea slag) a3 -1-2-4-9
AU Aaall (389 el A dl) )siag daall ajeg ohsdl) Aspu e il g4l Al
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Kperminute =18058-0068(%)-0007(RPM) +0. 133(T) (1-9)

J‘JSA} a.c‘).u”} (.\‘)Zj\ WJJ (errminute)é.aa” 43S J:\J;ﬂ ‘;).ALJ)M CJ}A.\S‘ Ejg 4;).3 (1 1_9) d}d;j\ G

tdc Al

Model Summary®

IModeI R R Square Adjusted R Std. Error of the
Square Estimate
1 .8492 .720 714 5.89183

a. Predictors: (Constant), %, speed, tourq

b. Dependent Variable: knocking

A ) e g Ao paall g ol AN (Kperminute) geal) &3S apsail ouaby ) 7 35ad) 558 4330 (11-9) Jsis
Alslaal) dais e J Agdie dad 4y Rsquare = 0.72 4 of Laadls
Al e ity Al VA el 5.89 ) Wadl) 4

axnll AN (Kperminute) ol 8ES ap0a3 Al ) 280N cSlabaal) Y3 (12-9) Jsoall con @

Coefficients?

[Model Unstandardized Coefficients Standardized T Sig.
Coefficients
B Std. Error Beta
(Constant) 18.058 1.682 10.733 .000
1 speed -.007- .000 -.852-| -17.499- .000
tourq 133 .015 .666 8.985 .000
% -.068- .023 -.211- -2.937- .004

a. Dependent Variable: knocking
d.\’ml\ PRI Aaadl R.)..bgj\ A3dlall cdlalaal) YA (12-9) Jgaadl
dusall la8a g de pud) g ad) AN

Sl 0.05 e Ji & dseally ajalls deyudl o JS) D eleall Sig aad of Gilaadl Jsaall e Jaadls
nal) pe S Lalils 5y Apaal Cld b

el Hlaia g de pudl g o jall AV a8 gl g W) (Kperminute)ainall 286S hlia @
Adalaall (e 428 giall Aaslll pal) aa A ) (e A3l aal) Jlada (32-9) JE e
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Normal P-P Plot of Regression Standardized Residual

Dependent Variable: knocking
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Uslaall pa dad gial) Al asll) aa 4o il (e AL agdl) 45 )\ Jakadia (32-9) JS&)

Aoy AN o) s Bals aa (ol A a3e) ajadl paadd Aalas slay) a3 -2-2-4-9
A0 AdMal) 3hg Ausall laiag (Bl Jakially o) sl
T=-62.256+0.7011(%) +0.009(R.P.M) +165.72(BAR) (2-8)

Sl y ¢y sall e jun A (T)osal) sl il 235l 88 n 33 (13-9) Jsoall e @

Model Summary

e all )i 5 dlil)

IModeI IR R Square [Adjusted R Std. Error of the
Square Estimate
1 .8802 774 .769 26.52852

a. Predictors: (Constant), %, speed, bar adjust

dusal) )aka g (allil) Javal) g o)) gal) Aoy AN (T)adad) waadl by ) E:\yﬂ\ 548 da 3 (13-9) Jgadl
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Al daia e Ji5 Agdie dad a5 Rsquare = 0.774 dagd of Laadl
Al dad iaig 4l ¥ el 26,52 sl Uadl) i

szl s sl e e AV (T o) sl Al 1) A5all iSlalaal) AY3 (14-9) Jsaall (m
e Al laia 5 i)

Coefficients?

IModel Unstandardized Coefficients Standardized T Sig.
Coefficients
B Std. Error Beta
(Constant) -62.256- 15.765 -3.949- .000
1 speed .009 .002 .225 5.260 .000
bar adjust 165.725 17.038 .498 9.727 .000
% .701 .084 436 8.368 .000

a. Dependent Variable: tourg
Mg aBll) Jaal) g ¢yl )9l Ae ye AN (T)aad Laadl dpdaly ) ABall cblalaal) AN (14-9) Jgad)
de

SL 0.05 e B o ducally ajells depull (o JS) cleleall Sig dad o Bl Jsaall e Jaadl
cndl g S Lol s 3y paal iy a

el jlaiag allill Jarcally ofysall de pu ATV @ siall 5 ulad) (T) ajad) daail milil) lalad
Al (e adpall A3l al) ae Zppail) (e Al aill 43jlie Jalads (33-9) JS

MNormal P-P Plot of Regression Standardized Residual

Dependent Variable: tourq
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doju AV Sl Jidi Bl pa (Koeminute) iuall 43S ddalaa o) a3 —3-2-4-9
dtul Aidal) 385 Ausall Jlaiag aBlill haiually oy gal)
errminute='3.659-0.019(%) -OOOS(rpm) +37419(bar) (3-9)
izl iy (Kperminute)aial) 4368 sasil o cali)ll & 3sail) 358 dajo (15-9) Jsand) cm =

Model Summarf

Adjusted R Std. Errar of
Madel R R Square Square the Estimate
1 87o® T56 751 5.449502

a. Predictors: (Constant), bar adjust, speed, %
h. Dependent Variable: knocking

Bl il AN (Kperminute) gduall 435S paatl by ) g3 gadll 568 da 2 (15-9) Jgaad) Co
dusall laBagde yudlg

Al daia o Ji Agike dad a5 Rsquare = 0.756 dad of Laadls
Algie e iy Al VA el 549 L) Uadl) 4,

Loaall AV (Kperminute) gimeall 435S apnil &y walyl) 48all cDabaall A (16-9) Jsaall g -
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Abstract

The experiments were carried out as follows: Starting the engine and loading it
on partial throttles, then drawing the power and torque curve and the fuel
consumption curve, determining the points at which the knocking occurred, then
a statistical study was conducted for the results of the experiment by using the
SPSS statistical program, and a relationship was established between the
appearance of knocking with the indicators of the engine work and indicators of
the charge entering it. The previous experiment was repeated, but using a mixture
of methanol with water in the proportions:

Methanol water
50% 50%
33% 67%
10% 90%

This was reflected positively on the engine's operation at low revs, medium and
high loads, while at high revs and large partial throttles, the effect was positive
on reducing knocking and negatively on the torque produced by the engine. An
economic and investment study was conducted for the previous system in terms
of: specific engine torque and power with specific fuel consumption, engine
thermal efficiency and specific consumption of methanol-water mixture. The cost
of adding the previous order, the efficiency of the previous system, the possibility
of its installation and the reliability of its work in terms of maintenance
requirements. The first results were extracted after drawing the graphs of the
results of the experiments for each stage separately, with the help of the computer
program EXCEL and SPSS. By comparing and discussing these schemes, we
obtained results that contribute to reducing the appearance of knocking in
turbocharged gasoline engines, and these results are positively reflected on the
economic and investment returns of the engine.

Keywords: turbocharged engines, downsized engine, Methanol water,
control of knock.
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Abstract

Abstract

The establishment of definition standards for CO2 emissions for tourist vehicles
over the past decade has put great pressure on gasoline engine manufacturers all
over the world.

The most important ways to reduce engine fuel consumption, reduce exhaust gas
emissions and achieve legal test cycles for engines, increasing volumetric specific
capacity, by installing the turbocharging on the engine.

Turbocharging is one of the best ways to improve engine performance and
efficiency, by taking advantage of the exhaust gases to drive the charger, thus
reducing losses resulting from gas exchange, heat losses resulting from engine
cylinder walls, and mechanical losses due to reduced engine size and the mass of
its moving parts.

One of the most important problems in the installation of turbocharging and
downsizing engine is abnormal combustion, the occurrence of knocking and pre-
ignition, the importance of overcoming and limiting knocking and what this
reflects positively on the engine, this practical research has been developed to
control it and limit its appearance. This research includes the experimental and
laboratory methodology used to study knocking control in gasoline and
turbocharged engines.

The experiments were carried out in the machinery and engines laboratory of the
Automotive and Heavy Machinery Engineering Department at the Faculty of
Mechanical and Electrical Engineering at Damascus University and were carried
out on a Renault F4R engine with a capacity of CC2000. Turbocharged works on
gasoline, with a power of 165 hp at 5500 rpm, and a maximum torque of 26 kg.m
at 2000 rpm, and it is already present in the engine laboratory after it was installed
on the test bench (hydraulic dynamometer). Where the engine was equipped with
a set of additional equipment, including (a programmable electronic control unit
(EMS), a unit for methanol-water mixture injection, an oscilloscope to read the
knock sensor signal and know its occurrence, devices for reading exhaust gas
emissions, a computer with the program of the electronic control unit to monitor
the progress of experiments and take Reading sensors, a set of sensors (oxygen
sensor, incoming air temperature sensor, and coolant temperature).
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