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2 CI (Compression Ignition)
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2. (Compression) BDC TDC
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(Power  Expansion)
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(Exhaust)
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Compression

L]

4

= Compression (Mill hlistion LGKpansion + Exhuust - Scavenging
* Porls closed pOftS closed * Intake port closed = Intake
* Alr inducted * Ports open
illK' crankcase Air compressed in crankcasg-----—--—--- * Reed valve shut
Reed valve shill) o
Crass <givmg< tWK\Sralé engire.
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Transfer Port

(Ol Sump)

Transfer Port

(Auto Lube)

Pre-Mixed

Injection Pump

Dry Sump
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1

(Fuel/Qil Ratio)

Injection
3) Electronic Injection Pump 34
2
1) . 1040-2534
@ 100 °c (centistoke) = 56- 163
= %
(°C) = 10
(°C) = b
(°C) = 05
2) 2
2

21) (Lubricity)



12

AT YLD

0

&)

o
i “‘6'1

| v
> Juaalagu /

(\*“mwmmm%m‘ﬂ

23 2

ATTULIVABS

efasuun

ﬁuaalﬁév “ﬂ?ﬂﬂ')liﬂﬂ

d
24 YCLS
(Yamanha Computerized Lubricating System)



2
10,000
200°C
(Fuel/Qil Ratio 20:1)
Bright
Stock PIB (POLY-ISOBUTYLENE) 1PAOQ (Ester)
In-house Test
ASTM Torque Drop AP
2 API-TC
JASO JASO
(1SO Standard)
2.2) (Detergency)
Soft
Deposit (Qily) (Spark Plug Fouling)

(Carbon) (Varnish) Hard Deposit



CRC Pl
2.3)
2
I I T
2 SoftDeposit
Hard Deposit
Bright Stock

PIB Bright Stock

API-TC

JASO

2 kPa

24)

Merit Rating

(Power Drap)
Hard Deposit

20

2 kPa
JATRE-1

(White Smoke)

14

(Exhaust Port Blocking)



10
(Reaction
Energy) Bright Stock
(Fuel/Qil RatioCl )
2 PIB
2
(Fuel/Qil £ o )
Opacity Method
Opacimeter
JASO
JATRE-1
2.2
2 (Paraffin Base) (Naptha Base)
(CHY (€HY (CHo
22.1
1) (Heating Value)

Gas Calorimeter ~ Bomb Calorimeter



Calorimeter

16

GCV = (33800 x C) + (144000 x H) + (9300x ) kg (1)
GCV (Gross Calorific Value)
1 kgC C02 = 33800 kJ
1 kg H2 02 = 144000 K]
kg 02 02 9300 kJ
2. ) (Volatility)
3 ) (Octane Number)
(CHHB 100
(CHYH 0
(TEL,
Tetra Ethyl Lead (CBHZPD)) 4
I ;2539
MTBE (Methyl Tertiary Butyl Ether) TEL
MTBE
MTBE
4, ) (Cetane Number)
(CIH3)
100 (CnHY 0
5. ) (Flash Point)
6. ) (Fire Point)
L)

API (American Petroleum Institute) Gravity



1415

APLOIBMY = o or atb0°FI60°F
API Gravity
8. )
9% )
0 ) (A
222
noo(,
L)
14
2. )

1315

(Carbon Residue)

22

5-17
5-18

2-4

5-19



2.2 ( , 2537)
(Paraffin) CrHM2
(Alkanes)
(Olefin) (Alkenes) CmH~
(Diolefin) C,Hn2
(Naphthene) C,Hxn
(Aromatic)
(Benzene) CrHM6
(Naphthalene) CrH2,,2
(Alcohols)* CrHM-0H
* (Oxygenated Hydrocarbon)
4
223
2

(1.) Exothermic Reaction

(2.) Endothermic Reaction

CXHy+ (x+0.25)) 02 2 xCO02+ 05y H 3)
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1.85

CH, &+ 1.4602

A/F ratio

Cco

x=1y=185

- > C02+ 0.925HP

(Air/Fuel, A/F ratio)
Stoichiometric mixture
(Rich mixture)

(Lean mixture)

(CO) AlF ratio
(HC)
| (NOX) AlF ratio
NOXx
AlF ratio HC
NOX
NOX HC

NOX

19

14.6

NOx
HC



4 )

HC
5o )
6. )
[ )

HC

8. )
9. )

HC

2.3

231

NOXx

(s/v Ratio)

NOx

NOX

NOx

NOx

NOx

NOx

NOx

HC NOX

NOx
CO, HC
HC co

LPG
LPG
HC
NOx

20

NOx

50-250



2.32

Haagen Smit)
(NO~

(Dimitriades, 1999: 831)
.. 1944

50

(AJ.



HC N 0X

233

(Peroxyacyl nitrates, PAN)

90%

234 (03

NO2+ Iight(X<420 nm) =~ NO+0

X

0 +02 -> 03

NO + 03 —> NO,+ 0

(N0

22



8)

ROX + NO -» ROy+ NO2

PAN
(9)
RCO(02 + N02 ——>  RCO(02N02
24
1100 0°C) 12
30 20 °¢
(
)
( 15
24.1

(ppm)

23

(049
20-

15-50

0.5



Parenchyma) (Alveolus)
(Collagen)
Leukocytes

0.1 ppm

24

(Nasopharynx) 40-50% 90%
(Alveolus

Type 2

(Type 1) Ciliated cell

Non-ciliated cell

Polymorphonuclear

1

Alveolar Macrophage

(Organelles)



2.3

2.3

(ppm)
0.25
0.3-0.8
0.9 peak
0.8-1.7
0.47
0.1-0.6

2411

Type 1pneumocyte

 2542)

0.8 ppm

(Mucous Membrane)

0.12 ppm 1

12

Collagen

FEV1/FVC

25

Type 2

FVC,



FEV(LO)  FEV(3.)
2
48

3.1-12 ppm

2412

1.0 ppm 268

Non-ciliated Cuboidal Cells

24.2

2421

(Stress)

0.45 ppm

26



Mycorrhizae

AWIAINTANNITINY 18
GHuLALoNGKORN UNIVERSITY

21



28

) (Peak Indices)
(1 8 ) 70-120

(Mean Indices)

(Manocultures)

(Limiting Values)

0.05 ppm
16
10 0.1 ppm 6 0.30
ppm 0.06-0.10 ppm
4
2422



San Bernardino

5
5
1,300
5,500
0.03-0.04 ppm (
( )

San Bernardino

0.06 ppm
Maine

San Bernardino

29

1968-1972
0.08 ppm
0.05 ppm
1973-1978 24
) 0.10-0.12 ppm

Ponderosa Jeffrey

Sierra Navada Appalachian



2.4.2.3

Less Assessment Network (NCLAN)

1
243
Elastomer
[soproprene Styrene
Modacrylic

2.5

2.5.1

10

2.5.2

Quality Standards, NAAQYS)
(Environmental Protection Agency, EPA)
2.5 2

30

National Crop

Butadiene,

Acrylic Fiber

Polymer

12 (. . 2538) 2.4

(National Ambient Air

(Clean Air Act 1990)



1)
2. )
2.4
(CO)
(N02)
(03
(02
(Pb)
10
(PM10)
(TSP)
1

(Primary Standard)

(Secondary Standard)

(
, 2538)
1 30 Non-dispersive Infrared
(34.2 .13) Detection
8 9
(1026 [ 3)
1 0.17 Chemiluminescence
(0.32 . 3)
1 0.10 Chemiluminescence
(0.20 ./ 3)
i 0.30 Pararosaniline
(0.78 ./ 3)
24 0.11
(0.11 ./ 3)
1 0.04
(0.10 ./ 3)
1 15 13 Atomic Absorption
Spectrometer
24 012 ./ 3 Gravimetric
1, 005 /3
24 033 ./ 3 Gravimetric
1 010 /'
0.50 (13 ./ .)
1 25

(Geometric Mean)

31



32

8 . 1997

**

(Clean Air
Act 1990)
(CO)
8 9 (10 ./ . )
1 35 (40 .
(N02
1 0.053 (100 )
<3
1 ** 0.12 (235 . . )
8 0.08 (157 do )
(Pb)
3 IRCNANY,
10 (PM10)
1 50 A
24 150 A
2.5 (PM2.5)
1 15 /
24 65 /
(02
1 0.03 (80 / )¥*
24 0.14 (365 . )
3 0.50 (1300 R b
* 1 (Non-attainment Area)



2.53

2.6

4.5
(NON-DISPERSIVE INFRARED)

10.000

(NON-DISPERSIVE INFRARED)

30
2.6
3
00=13 [
1 HC =5 /
2 C0=45%
HC= 10,000
<110 . . 1 . .2538
<126 . .1 . .2539

1. 2540

NDIR

NDIR
%
Full-Flow Opacity

( .1360-2539)

4
00=45 /
HC+NOx=3 /

6,000

12,000

15%
2

150 . .
<110 .. 1 . .2542
<125 . .1 . 2543
1. . 2544



2.6

SAGIURA KAGAYA (2520) (

95%
Yashiro (1987) (
(White Smoke) 2
(Power Stroke)
2
Vapor)
(Oil Mist)
Yashiro
( 2
2
180-570 °C) 2

(Differential Scanning Calorimeter)

(2537)
32
Polyisobutylene : PIB)
(1) co
3.734% 3.642%
(2)
11,705
(3) NOx

0.881

34

1 2537)
1 2540)
(0l
DSC
2
co
10,263
0.739



N QX
(4.) GCIMS
(5)
Regression Analysis
(2540) 2
3-5 (Mineral Base Qil)
(Synthetic Base Oil) (Solvent)
(Additive Package)
(1) 2
Parameter
(2. PIB 950
(3)
Paul V. Doskey (1999)

(Nonmethane Organic Compounds; NMOCs)

) LPG

35



VOCs

100

GCIFID

Chemical mass-balance (CMB) source-reconciliation model

(Volatile Organic Compounds; VOCs)

1 NMOCs
1 NMOCs
2 4
1 NMOCs
1 NMOCs LPG
ethane
Doskey (1999)
Tom R. Thijsse (1999)
VOCs

)

I VOCs

C-CH4

n-butane

NMOCs
NMOCs

Background)
VOCs

CMB modelling

36

n-butane



37

I NMOCs 80-90 %
60%
[ %

5-10% 30%

(Biogenic emissions)

(2535)
, 02
CO,NOx 1 VOCs
VOCs
VOCs
VOCs
2.1 2.8
2.1 .. 2535 ( 1)
( , 2535)
NOx 02 CcO SPM HC Pb
117.45 31.49 3,718.98 164.57 470.95 0.594
34.70 16.39 42.33 94.16 16.73 0
223.83 24.00 141.80 125.10 42.10 0
5.18 5.08 778.89 253.84 452.92 0
381 7 4,682 638 983 0.594
Patyk and Hopfner (1995) ( C. Nicholas Hewitt, 1999)
VOCs 29
4 2 Catalyst VOCs Ethene
( Ethylene) Benzene , Toluene 1Xylene C9aromatics

VOCs
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28 .. 2535 1 %)
( , 2535)

NOX 02 Co SPM HC Pb
30.81 40.91 79.43 25.81 47.93 100.00
9.10 21.30 0.90 1477 1.70 0
58.73 31.19 3.03 19.62 4.28 0
1.36 6.60 16.64 39.80 46.09 0
100 100 100 100 100 100

2.9 VOCs

(Patyk and Hopfner,1995)

Otto engine, Otto engine, Otto engine,
four stroke, four stroke, two stroke,
without catalyst 3-way catalyst without catalyst Diesel engine
Paraffins
Methane 4.0 14.0 7.0 2.4
Ethane 0.8 2.0 10
Propane 0.3 0.5
Butane 3.0 6.0 2.0
[sobutane 2.0 3.0 0.3
Pentane 2.0 2.5 3.0
[sopentane 5.0 7.5 4.0
Olefins
Ethene 7.0 4.5 5.0 12.2
Propene 4.0 2.5 2.0 4.7
1-Butene 0.4 0.1
[sobutene 2.5 15 0.8
cis-2-Butene 0.2 0.2 0.4 08
trans-2-Butene 0.8 0.6 0.2 0.7

1,3-Butadiene 0.6 0.4 11
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2.9 VOCs ()
Otto engine, Otto engine, Otto engine,
four stroke, four stroke, two stroke,
without catalyst 3-way catalyst without catalyst Diesel engine
Pentene 11 0.7
Alkynes
Ethyne 55 3.0 4.0 2.8
Aromatic hydrocarbons
Benzene 5.0 6.0 5.0 19
Toluene 115 10.0 121 0.8
Xylene 10.0 9.0 11.0 0.8
Ethylbenzene 2.5 2.0 2.8 0.3
C9aromatics 15 6.0 8.3
Aldehydes
Formaldehyde 15 1.0 0.6 8.1
Acetaldehyde 0.7 0.6 0.2 4.2
Acrolein 0.4 0.2 0.0 2.1
Benzaldehyde 0.3 0.2 0.2 18
Tolualdehyde 0.5 0.4 0.2 1.0
Ketones
Acetone 0.6 0.5 0.1 15
Other VOCs 20.3 151 30.6 52.0
Martin Hooper (2000) ( )
VOCs 5
5
1 Methane
2 Ethane

3 Propane llso-pentane , Ethene 1Benzene 1Toluene
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4 p-Xylene , Propene , 1,3-Butadiene 5p-Pinene
5 d-Limonene
(2543) BTX ( )
44 (Idle Test)
(2 4 ) ( 5,
5-10 10 )
2.10
L) 2 BTX 4
2. ) BTX
(a =0.05)
2.10 BTX (,2543)
(ppm)
Benzene Toluene Xylene
<5 83.22 192.82 29.90
2 5-10 108.55 219.75 30.57
>10 116.15 261.73 39.21
<h 11.74 29.00 7.59
4 5-10 30.55 45.55 7.86
>10 32.85 93.18 21.45
(2543)
.. 2535
NOx $02 CO, VOC, NOx  VOC

2.11



2.11
NOX VOC
56,002 2,005
8,511 33,904
264,648
329,161 35,909
HC 2.11 VoC
(Total Hydrocarbon, THC)
VOC
2.12
2.12
( , 2543)
NOx
34,133
65,836
163,703
976
264,648

12543)

I)
HC

232,973
232,973

CVS

L2540 (1)

HC
35,886
15,739
17,671
163,677
232,973

41
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