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ABSTRACT

Effect of antifreeze concentration to exhaust gas

in engine coolant

Sung In Hong

Advisor . Hong Myoung-Seok
Department of Mechanical

Graduate School of Chosun University

Recently, the radiator size and front area of vehicle become smaller in order to decrease
the fuel consumption. Also, the performance of cooling system is required the high COP and
the operating conditions gets worse. Since the supply of the automobile is magnified whole
world-wide, the vehicle operates under temperature from -30C to 50C and the
environmental condition is severe. Beside, the operating conditions of vehicle are so different
and the driving time get longer in dependence with the location. Hence, the engine cooling
water has to be operated effectly to prevent the overheating and winter-sowing
simultaneously.

Generally, the anti—freezer solution addition is used essentially to the cooling system. The
ethylene glycol is normally added in the anti—freezer solution. The ethylene glycol as the
liquid of colorless and odorless have a nervous paralysis. The previous researches showed
the optimal concentration in cooling water is the one of important factor to effect the engine
performance because the cooling water temperature vary the engine metal surface.

In this study, the exhaust gas were measured and analyzed with a variation of
anti—freezer concentration(0%, 40%, 60%, 100%) in the cooling water. Especially, CO, HC,
NOx composition analysis were carried out to study the effect of anti—freezer concentration.
The experimental test was performed under ASM2525(speed=25 mile/hr, load=25% of road
load) which are most popular test method in Korea.

As a result, the optimal and resonable concentration of anti—freezer was 40% in
consideration of the exhaust gas and the cooling system performance. However, the optimal
concentration of anti—freezer should be varied with operating condition, especially the
environmental temperature. In addition, the regular checking and changing of oxygen gas
sensor 1s needed to improve the vehicle durability because the oxygen gas sensor affect to
exhaust gas composition significantly. By this study, the vehicle reliability and durability can

be improved by optimizing the cooling system.
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Table 1 The Properties of Antifreeze

Clause Water Antifreeze(ethylene glycol)
State liquid Colorlessness, Odorless
The boiling point(760mmHg) 100°C 197°C
The Ireezing poimt UC =13 C
Speetfie-Gravib-20-6) 0:999 +H3
Surface Tension 12.5 46.5
Specific Heat 1 0.561
Thermal Expansion Ratio 3% 4.2%
A Refractive Index 1.333 1.4318
1112 22 wlE 7k 20l 4]
AT E ALLS = D RE A= Felrlr s Solv] Q8] A4 Zb
e OgR PHoR FAS ARstn Ak AFHANA HEHE FaAt H)
& Azssp] A8 FLALANA FAW AYT S AEAHEo} "ol A
Qe A oy FAFE At A AN o] HPBAE I
FE glon Erhel AwA AAeE 2 od@e WA 5 k.
ool e BARS Hadelr] A wAdow FAS A Yrh 59



q94 FFor A4 trileds UedE viwm AYEYols AAA R
% gl AAlstar Aok AAAR]D ApEAf wiETFS
A ¢ Az s gekslr] 9lsiA = CARB(California Air Resource
Board)®} ECE(Economic Commission for Europe)e] A3 JfAlol] thsfe] o}
of gt} Aol ATt viEvkA fAE AFEEF % fol wWE W=
S5l 98] TLEV(Transitional Low Emission Vehicles), LEV(Low Emission
Vehicles), ULEV(Ultra Low Emission Vehicles), SULEV(Super Ultra Low
Emission Vehicles), ZLEV(Zero Low Emission Vehicles)® 33l 201033 7k
A Algd LEV U rAIRbE 2004958 A&etar vk fH-S 1992954
Euro & #A&3}7] Al&ste] 199519 Euro IVE ol A &stal glom TthA|
Euro V 522 71 fAAE7F A st 9l

H gAY A AFEe] &3t SHAA FEvete HAVEE AFS AFES)
B ARIAY Aol Al AA g Rosta gon, HAts Bla 5 oug A
A7l aAEte] ALEHE wWE7A FE7|EE 2004938 A3} ﬂ:@}o}@ =
7t ARFAE GgFAor RS st T @ 7l WiHl CO= 90%, HC=
80% Z&ste AgS 7HA L ATt [2].
of W& wiE7k=9 FafdiEel CO, HC,

&

stol wj7)7kA e e FHA3)

Table 2 Euro 1~ 4

Category g HC+NOx NOx  PM  Remark
(Year)
Euro-1
2.72/2.72 - 0.97/0.97 - 0.14/-
(1992) Diesel/
Huro-2 .
Loss) 1.0/R.2 - 0.7/0.5 - 0.08/-  CGrasoline
Hurope Furo-3 ECE,
U.04/ .0V —/U.ZU U.00/ — U.OU/U. 10 U.Uo/—
(booo) ube
Buro-4 test cycle
064/10  -/010 0.30/= 0.25/0.08 | 0.025/-
(R005)




-
L

fius

o] ol

3} ¢

]
=

T2 PG
A vk e

boloF @127} £

dy kel A

°

2
2 CO=2 HES-

I Eavids

shel Auls o §7]7h wA

S

2.1.1 CO(carbon monoxide)
CO9lA "Fgo] HETH Ao AR H

A2 o273 u&
2.1 W77} 284

el
~~

%

0
=]
il

N-

)
o

0
puzel

nr
o))

Eal

v 7] 7}

=

R

9
A

b ogrolth. o

7@ 5

=

=

tol

S

d 74 ¥ A ek =314

= = 3L
RE 7h2E 2F

woll = 4

=

717 EAE
2.1.2 HC(unburned hydro carbon)

}

BAERA Tl o] Abs7E A 7] wiiof

0
‘EO
T

ﬂu..o

o|
1o
;oﬁ

o)

N
WUJU
ol
B
ar

—_

4
B

i

<
ﬂwo
¢+

i)
il

s

4

S
l

1]

9

A}
2}

ool ALE A

>
2]

s

&t o

S

fus

Qo] o]

3} ¢

7]
=

H

@717

=

Aad WellA

o,

¢

g
BN

_zﬁo

7] Tl Az

gl 7P W ooz s

sk7l A TH5].

S

o]
pul

27F aglE &4



o

ojtt. 4

FA =l k100 ppm*

S

A
A

7 A% =

# 23}

o
=
o Aol =4

W oAA 7%

7

o
T

o ule 2 o]
A Az MEY eeEa

s

A8

KN
=

=
-

I R

ol

o4

=
e

i

of 2AHAY B A %

W71 7k 7wz Aol A a2 bl

=5

o) O
o

A A A

3

A

]

S

A&

]
ol tH6][71.

=7 4

Al

RS

1
o

2.1.3. NOx(Nitrogen Oxide)

o 2

=
A o]7] HE

at7] o

o

il

—

A=y

bo] 2 oo} A7 k.

st A3

4

—

XV
X
B

™

-
K

]

Wb A s

-
R

ke A VeR

B

Mo
.

B

el

il

H o

3

- )
e

AL U

EE

g vehja glen

Ao 43

Hhof A]

] G XTSI

3

Fol @A

=
=

Ll



c=0.865, h=0.144% CgHjs(iso-octane), Tt}
AbgE QRS 7RI 3719 28RS %(Xﬂﬂﬂlg 2 ANy 78.1%,
A(02) 20.9%, oFZL(Ar) 0.9%<} 7|[epdE o 2 o|Fojx oy HE N=79%,
0:=21% = 74]{\1-6}13%, AFH &2 5 No=76.8%, 0,=232%= FHastal 37 A9
A 2897 kg/kmolZ A4tk

[

Table 3 Air fuel ratio

Weight Ratio

Fuel Rate A/F Remark
C H
Deluxe Gasoline 0.865 0.135 14.6
Regular Gasoline 0.895 0.145 148
[sooctane(CsHis) 0.842 0.158 15.1 ON = 100
Heptane(C7His) 0.840 0.16 15.2 ON =0
Whale Oil 0.863 0.137 14.6
Cetane(CigHss) 0.830 0.150 14.9
Metane(CHy) 0.730 0.250 1772
PropanetCsHsz) 0:818 0182 157
Benzene(CgHg) 0.923 0.077 13.3
v}, 31389 & (Chemical equilibrium) &4
A A A LM = TFHEYIFe]l T2 Froe [dddLEs o8
s Els

AR ZE Bk REI ATk Aag

A,



e

8 37 £g717) 3teukg o7 13F 9] A4vpAvE WA oA,
CnHm+(n+m/4) (02+3.714N2+0.048Ar)+Egr (ai Si) = (bi Si) (2-1)
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CO2 = CO +1/2 0O

HO <= H+ 120

H>0 = 1/2 H, + OH

1/2Hy, = H

/20, = O (2-2)
NO = 1/20; + 1/2 Ny
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O+ N = NO+O
OH + N == NO +H
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O+ N,O = NO + NO
NO+M = N+ O+ M
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Water gas equation : CO+H:0 < CO»+H, (1600-1700K =9l A)

2.2.3. &3+ AHC)Y 2A

7t. HC9] & A

Hydrocarbons< dwtx o7 FIDH o2 =A% = THC(total hydrocarbon)
=2 ¥AEY FID M2 &292(Ch /s SAss B0l 7t&Ed

Axlel A wjE¥ = THC T HC A& g4 Zxu &2 v53 2o

N

Table 4 KC distribution ratio in the THC

Paraffins Olefins Acetylene Aromatics

Catalyst Before 33 27 8 32

Catalyst After 37 15 2 26

>

HCIAE < SIAlol A8 ks vA A $hov Fapstran g whgoi 7hol

=e}
4 pre ARGIE Bl o, 99 45

ghgk-g-of ‘31H—°r e, [ ekE
AL EFEOT AT 59| FofefN I HFo 0% oxidant formation( )=
A= H =2 CARBOI A+ RAF(reactivity adjustment factor)Z }%fi}‘:}
T3 wjE7tae] HC AR FXd v T3 29 F9 s i
|" aromaticst} olefins 0] =2 A8+ RAF7F =& HC A5 A
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N2 + O < NO + N

O+ N NO + O

OH + N <= NO + H

st d W (flame front)¥ $FHFH 7 (postflame gases)©ll A]

-
R

421 NO

e A

3L(eF 0.lmm) o}

B Al#EE 3k
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SFYFA ShmoA BAE

I=IR=]
T

o
A Aez2 Atk NO

)
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2o TH 14][15].

1

o

ki3
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j
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8} s}
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=
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o

SR
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e
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=
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3

i
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st g gelM B4¥ NO

obele] Mo &
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R
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2 FgEor AgFY IANAHFIAY M| AE A E 28RS o

F Al (homogeneous) &= o] AA®ET & 4 ATH16] o<t 22 7H ol A
A7t Eel A4y 9 Ay B4

Kel
= T
22 dHEBe] ABBAES 183 Zeldovich mechanisme & Awa 4 9t}
of

AaE axs w71d8H, 347tz 3]

# gl =09 “AAA 1 wou}
o

2h L w=Eo] =11 sutd ool A
TR a7t daensh delde AL oAlsid NoZAYE @,
(Fig. 4 &%) =11% 71deo= st Jeloas NOZ B3IR A S714
T 94 FA(freeze)H o] EAFo] How, sFFJNA= NO FUwkE o]

(2) A 7t2H 9 IF
Axdde] mdxd 7taE dssts
FolA glom dAirtiiE O Alo] ¢

ato] AEdA L w71 7FA(EGR) 2 T2

= .
2~9] d-&%(heat capacity)o] & 7]X T}
JdAsicta MRS H A

9’}‘ :617] Ux] SR ?jﬁ\_ﬂ-j: }\(—)],E’__gi O]
7kt NOx A ZFS Alojstr] 9
™ N, He, Ard 72 Ed8A7lx= o

F-3t(load), WH Efo]ol|l AA FEFES

Solk= FFS et EGR2 NOx A
ol EGR& 25% A Xxel NOxE 60%

& ARAE FxE . w7t

ol AALA T H(heat release)©]

%7} WolAu webd NOx Aol Holxith, w

=
&, w717k o AtasErE w] wiite] AAd FEAtaTe] AojAH, Ai
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100

Exhaust gas

Reduction of mass NO(%)

1
0 o Fig. 4 Reduction1of Mass NO. 20
Diluent in intake mixture(%)

(3) A7 ¥

At 7= NO Tl v 2 J&dFs v HsiA1717F kg AA" TDC

e ol NO7M Azdh ey AHAE U FEHA
W) obslzl walsly] wEel NOSt dwl, &g

Mg Fedth FEwe ned 4%

N
=

ki
b
KoK

=% AslA 71"l MBT
(maximum brake torque; minimum spark advance for best torque) timing<
b= Flo] A Zow, dutyow AMREE HIAV|E HUEA gho] 1-2%

Fasts Hom FEAA ALGET
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ole} e AF Ay 5500 rpm, HH-3HAl, 50% =+50% -5 5
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A3F AdHE R FXA

31 238%3x 74 # 4474
3.1.1. w717k~
s Wt ZHe e AERY 4 AAFAARANA FHe 2
Fako] oA Ravie e o
ooOA AR F9E ARFAAGNA FAFE 54 WIAERE AR
A AT 1RE, AAGA A W0%ANH 28E, AP
q

M 2
do > of
ot
vl

o W& 2 AA w77k F8E Aldsty] A= ofefo] 12714
ArHEA 7 ekt
O BFHAFEA(LAN Control Unit)e A& ko] wj7| 7k~ Az fzu
WA s A9 A o th
@ 7}i%/\4 7] (Exhaust gas a Measuring Instrument): 7}& ¢ s 2o] F-3}

HlZ% & CO, HC, NOxo wWi&=3 & FA-st= Aot
Electrical Division Equipment)< Z}Z+e] #-X]o] Q3 A & &+

} ] o] o},
2 (PAU Control Unit)& 2}t5 2 Al A "zrgﬂf}*‘f Z}-& 2] vk

©

ML n\l
2 —|~
=

ol
il
rr
o

®
4 i
ol
FN
ﬂ.[J.;
o

}.

of 7FeliAl= FsHAE det= AR, F Aoj oA A-satvitt A
3 Fetkrh The AR A
©® <X ="M (Engine Cooling Blow Fan)& A& & 2o & = 7 01]/~1 PPN

= OEQH Mo wdel 9@ HES PAS] SAstel AEA FASES)

bl ek AR M BEOE S £43 Mk AL

® T Ao} (Main Control Room)S nEobd -gFethe] Ao} dAste] AAA
1}

A5 HAAMREE AAZto R ASsta HAFERAC
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HAoll 7Fali A= F-stE -8k Faolth
@ Xz FEYH(An Extra Monitor)v= As2tE &d3sk= AdAee] F Ao A
ANA gt Akt el wel AsAE x2feke]l g HARE ol F

| = 8t7] 918 9] F EyE ot

A BHde HE71(pm meter)= YA AFake] Fst AR ARl HA
Holl A Qe 3dFE SAsH7] A7 FA ot

tdl &= A Chassis Dynamometer)= #bg2boll 7hal A= F=e A g

= o
R =
- =3 95
L. :—FLOELﬂIE

ERzA% F9s) TEuA6] shstel TEuANA By

A

| E (Safety Loops)© F-3FAMAl AAMY 2 ZpExake] bd&
(5724 3 E(Sensory Test Room)= AE2Fe] a3 A9} ) 7] %] 2]
@Pﬂ 712 7] (Photograph a Recording Equipment): 5 7HAA] AAel =}

Aol sl AR wirizks AEAAE Ay A AAE AbEAke] AR
ol

BodguoR Agstel, g BAYS F9 ook, ¥

tlo  oft

3.1.2. 3%
2REAAE H0G 9 hAs ASAd da AFAT AAF el A
A0 FHAoE AFae] w7740, HOMESH 719448 )e 54

Ik AR AFAE AEAL GAG FENA AWS ANAAFAA F

A& W MENE ABATS BEGFAH LA B FA wAS A

Fatdabs 7HE Asaket gARsAE FiEste] Al WA, 7hEY
e EAQ PR ASMH0I0RE, ASMB25R =, IM240% =7} )
o ol T ASM2525REE Iuo] =ste]l HAb i Ak A FF
Z 55% o]ate] AEatel AT ASMEELE A “2Rsle) S F
got= sk w7 7ks wEFE FEE9(%, ppmE SASHE HAMRER

A, ASM2525R. =9} ASM501577F dth. =Wl 2F&4ke] 749 ASMS0I0RE= W
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13.7
149
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11.5
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14.7

9.5
11.7
11.2
11.6

120 5 k= alek % 2k (kg )+ 136

6.7
8.8
8.8
9.0

Table 5 Load Horse Power

Cylinder No.
AA =2 (ke)/136

er Car

(1~8 Person)

Van Type Truck
Tal = (PS)

°

i

=]

Multipurpose Type Vehicle

Car Type

o
o
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9Tt E4 o AAEAS) BAFE 3%E A%ee] 32 ol e A4l
B oAl g ojok s, olud
ook er. BAEES 2A9l ARAS AE DY (2]

ISE= (IV[/;—IS)/(IW;) > 100
(3-2)
t
w& I + 1/V)/ (Fm—Frz)dt
0
ISE = 234 Q2 2H(%),
IWs = 2395 a5 Zke)

w73
Im = s A9 712 8445 Fke)
V=299 £x=(5AA, m/s)
Fm = it/l-ﬂoﬂ 40}04 2245 aﬂ(N)
Fri = 209 504 IPS(I Ao sigats =2 iehe ()

t = AlZH(sec)
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3.2 A8FXA

3.2.1. Foi¢ 234

Wz A7l e Fedues 237 A8 Fa8 Fd4AE AHEEt
H Ao A1EFH FOE& ZEAY ALY FALLE ofdy Table 63 #ZowH
o]+ Fig. 11~14°] Vet

Table 6 Portable refractometer specification

Model Measurement . . . .
Rate (ATC) range Resolution Dimension(@xL) Weight
1.15+1.30 sg 0.01 sg
FGY01/411 29T~ _60°F 10°F #29x148 mm 175 g
L.IOT1.0U 58 U.Ul 58
FG102/412 0°C L -50°C 5 F29%148 mm 175 g
Battery/ 1154130 sg 0.0l sp
Refrigerant/ FGH03/413 0Cr~-50TC 5C F29%148 mm 175 g
0Cr~-40T 5C
Cleaner
1.10~1.40 kg/1 0.01 kg/1
FGY04/414 0Cr~-50T 5T F29%148 mm 175 ¢
0Cr~-40TC 10T
L Za% 287 3RAUAL| ANACD)T SENE(TEH 20

Wz
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W Z7t2 &%

6} AR
9
25%,

‘o] x}

w3l

o] kst gk 4

& 98l 4l #H71EA9] Clean Air I/M 8000 5748715 A&
A= @A E7ks AR AR AFEE AL 3= 7I7IRA SAN
HC) 10~10,000 ppm, €AF&ter2(CO) 0~10%, AFA(02) 0~
(COz) 0~20%, &71HYE 0~2, AAAsHE(NOx) 0~5,000
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ppmo|t}. Table 79 Clear Air I/M 80002] A& Yeh 3 Atk

Table 7 Clean Air I/M 8000 specification

Specification Type
Model Clean Air I/M 8000
Keyhboard 16key(4x4), Membrane
Display FND, LED
Printer Inkjet Printer
Instrument Vehicte ExXhaust L,'taS\Ck.) HC bUQ/.UZ/I\]UX) Spectrometetr,
Excess Air Ratio Measuring Instrument
Measurement CO, HC, CO», O
Object Air Fuel Ratio, Excess Air Ratio, NOx
Car Type hicle Consume Gasoline, LPG, Metanol, Etanol, Hydrogen

for Measurement

ETC..

Monitor Digital Type
M ; HC : 10~10,000 ppm, CO : 0~10%, Oy : 0~25%,
casuremen COs : 0~20%. Excess Air Ratio 0~2
Range

NOx : 0~5,000 ppm

Calibrator

Use Range

Response Speed

% within a Ten Second, 20% within a Twenty Second
Auto Calibrator
-10C ~ 40T

Drainage Type

Auto Separation

Power

AC 220 V£3%, 60 Hz

h oY J—
rower LITIC

Gas Extraction

T 1 Bl e 1 + hd Fid . | IX KTt L A +
OIMNZIEC~TIasSe SOCKEL, ITISECUCIAC/ Vv dleTpProol AZCTIL

T 1 7= T 7 1= B an
rengtmun /.70 CIIi, riorse /.10 111, TODE OU CIn

Part
Dimernsion Herght 190 =< Width 290 =< Eengtir 5601mm
Weiaht 12 ko
Weight 13- kg

BB 2l zolal H S AMElsl Ao O olx] Z % 2] yl=-l 2= B 2] 0]
IR E A o REWARNE T P St = —=, 17 g ro-fr "frE7T—= L 711
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Fig. 15 Closed Loop”d A
SAAAA, AELAA, AR HFE ST dHeoly stwolth. E3 Fig. 16&
OPEN LoopJEje] AFAaAlA],
AN FAFE =43 volEl shulol

o O AL
Ma< 94;1 na I~ S
Min : 84.8 | =aAE
Max i 36.8 ™ =
33.0 T e
Min 32.3 | |t
Ma< 40 ™ ;
38 Km/h L
Min 0
Max : 2483 1 =
1957 RPM L
684
7227 < THeRE
644 .5 mVY r
293.0 sRUY




Table 8 Dynamo specification

Classification Specification

Mustano Dunamometer
AHStal gy H3EtET

orporation (USA, m BAR 97 Certification Cor.)

Model DASAnN-MD-ASM-9/-KR-HD
Axle Capacity : 5,433 kg(12,000 1b)

Diameter @ 218 mm
Roller Center Length : 438 mm

Roller Material ; Steel(ASTM-A513)
Bearing Rate : Ball bearing
Max. Road Load Power : 400 HP at 160 Km/h
PAU Type ; Eddy Current
PAU Air-Cooling, 16 coils
PID Control Type
Inertia Weight : 907 kg(2000 1b)

Electric Inertia : 907~5,433 kg, +0.45 kg
Load Mea. : Stranegage Type Load Cell

emarkable Power Absorption Measurement Tolerance : +0.25%
LN NN10
U.OU1 /70

=

/al AWSN | 14 LW 8 + T 1 .
dal VCIUCITY IviICAasSUl it 1roierartcc - ——

Max. Velocity : 160 Km/h
Lift : Max. Load 5,443 kg(12,0001bs)

AdesAs w3AE, TEE setdt $HFFAAPAU)sOE TAH 3

3
o As ke FAukH = A TR E oset Abolol fjAISkaL ApEA}e]
ddy currentel] A AZAHA Q= FeEY &
A A= Load' & BE3 load sell?} AAANEE AA AoA| 2wl Hey]
i PAUE A Ad3 37 AAGH zdddyx] Fst5 FotA Ao 2
A2 Aol AAHo] = 3| A QoA Eddy currentE EA A7 el Al

So
2L
i
rlo
off
i
o
&
o
N
<l
>
c
o
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(2) BT FFAZA

7hE Al Ak R TES o 3 4
o7 Fgpold & o]&eti HIUFAdFTEE PAU & T4 ZftolES AHE
ShAl v o] X &= PAUE ©] &3+
PAU+= 8 30wt 250 a1, 3.3 mph/sec(5.3 Km/h/sec)® 7}&55 =
4944 kg®] Aol Foste FHAGA EH oo THseteE 448t PAU
o dZdd =YE ‘=eholBEY Y st A 3| AAe] vyl 907 kg7t
H == PAUS 7 AA = A0

(3) F5A
FYA A G A miEGe W7 A geE FATES] AT FA=
YA F3 Anse] gom YPEEY & F AT AN e

(4) 33
1A s Eeloh woldor FAHAAY Eele AsA
PAUS| Aest= uA 2 AAe] 242 PAUZL w+= Hore 34wl nlztd
Aol Fradtal 7IAA e AA frh md Zeo W mny dEA A
glsto] Etololst Eefo] wpEASFE T
, Wi ®g 2 vEd R A8
TJJr Ad3de= nHstoof

o
oft
T
o

T
K-

ol
o
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e
o
<
1
o
fu
kY
=
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o

G) AFE=E A%
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299 W4E dage gxee ERsre 849 oz YA H
ol o= 2eo) FAFE 24 FEoR PasE FHL 2 Hu o] F
=AY & EE Zo T REe A }5d Txoldol oW 187 ¥ 604
yked o 24W 45

ol

He AdsdAe =

AFe ol gstel FAANE Axtet A ehol ] o
A PAue, 09 odRd H2E See] SR9 AEEARE wolF
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3.3. A8y

HEdo] Frdsls 9ate] FEE F5o HUE A @S F59
NS Hrtele H-Fd v&S 0%, 40%, 60%, 100% = st AkaAlx
A% AH(2]3F Closed Loop)et 2t2xAME AdsA 242 AHI(9]8 Open
Loop)Z o]l AgS AA sty 2 AFoA Azd HE5d H7h Ass

Fig. 18 Yehi At

Table 9 Specification of test car

Model Hyundai >Tuscani >2.0 GL M/T
Car Rate Sports Car . 1 78N¢  jg75 o regstation - ,n0 0
Displacement Date

PJ. J.J./C ‘VXVYUII ThC ‘l’Cal Uf PlUdUbtiUll 2003
Engine DO VVT _ Fuel Tvpe  Gasoli Distance oo or) ey
Type Covereq
Fuel ..

ey 11.6 km/1 Fue] Efficient Grade 3

Drive Type FF Gear Manual Type(Five-Speed)

Max.

Power 148 hp Max. | Torque 19.0 kg.m

Weight 1331 kg Total| Length 4395 mm \; ?(;311 1760 mm
Totat Tread 14903490
Height 1330 mm Wheelbase 2530 mm Front/Rear m

_35_



2] w717k EAE 9kl o dAFel A AR ¥ A HARS] TR o]
m FaAE = 28554 km/h T8 gk 2003 A o2 A}k
B A

B Ao A Open Loopét Closed LoopE o] A3 o]f-= ALLAA 7}
&7k 2o v A= @iFo] A7] wiEolth AL AlME Fod e A
FE)el whel @ed Age Jele Ao, dE7 a4
st A2 ol =8 A8 ¥ gl wel wjrivis &
Wstelr] wido] AaHowe= a9k Bl At & 5 AR )

.

Lol Mo BEE AR B AL wel #951% 4%, BCUZ @

A BNBE FYENY ATEL Bal ANF Pt A Aol FYHE
_‘___C_i_‘

7] WZolth TR g =55t u

B
s B39 Wake dmsel Wsu F7%e W] nA: 9%
o] 27] Wiolth WE txel Hrh WAL Anel Wauth: Frlwe] Wi
of ola) WA= Aol Aol vRioldy @ & vk B AFelM ARF 3
F 9 RzAe BHF] dete] AULrt: 17~18TE, dRede] ex: 7
4 A4 AN REF 90~93Cel RO, ANHOR FE/NF AE
St 2858 PA FA FEQ 4052 Kmvhol 27 2@ AA e o
sh g AgdUe Fig 199 thehiict,
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A4 243 #H 2

41 59 Fo] 9& CO A 23 ¢4 %
41.1. %59 5% 0%(Closed Loop)
g REag 3
el el Closed Loop

Temperature Sensor) =

N
o

Temperature Sensor) =
Vehicle Speed Sensor)® z&£S =4
o] AAel ofs FA4sArt. dFAH CO=
Ao w Yep et 18u A3 93)x 2] 45 CO7t 0.

4PN FH o F=E sad.
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Table 10 Antifreeze Concentration 0% (Closed loop)
WTS Oil ATS

Ambient ala) VSS
Temp.(C) (% T(efg" T(eg‘)p T(ercn)p RPM ™ em/n)
1 176 0.50 93.0 91.0 375 2002 40
2 177 050 900 9.0 405 | 1968 0
5 177 0.0 J2.0) Jo.U 41.0 AN 40
4 180 050— 915 936 4206|1983 4
5 181 050 87 94.0 458 | 1084 A0
6 16.1 050 7955 550 150 | 1938|380
7 16.4 050 930 81.0 195 | 1962|390
8 165 050 923 86 27 1926|380
9 173 060 938 89 30 1943|390
10 74 050 915 900 B0 1923 37
11 170 RS IR IRY G0 BT ERE 0D
12 17.7 05089, 92.0 308 | 1977 1400
13 178 050 923 92.0 300 | 1935 390
14 17.0 050 878 92.0 413 | 1973|400
15 176 050 930 93.0 308 | 1946 390
AVG. |17.34 051 905 8833 3532 | 1964  [39.27
41.2. &Y 5% 0%(0Open Lo|op)

=

1
o s 0% e A At Table 119 Yebl Aok W24
S5, F71&%, RPM, @& e 7H7e] wsle] g CO< Lﬁ} oﬂ o 3
A s Rty W ET b e 945TCY W COE 1.20%92 u%, Co7}
Mg e 090%9 A$4 WAFLEE 893TCot aEy, WAL ET) 87
8T 49 wgo] COE 1.30%= O =4 Uesth Ao dLere] 73% Cco
¢ dFed 2x= 90.0T, 91.0C, 920CE theFatA et o
QdexrF R20CE AT F$9 COE 1.10%, 0.90%, 1.00%, 1.20%
L}E]r‘fbjr. o c07} 1.00%<] <
C

H‘i

Y

flo _l

F712%+ 39.8T, 4057TC, 44.3TC,
43Ce yelt & A+ Aol

’

_39_



°Jstd, Open Loop®] -l 54 W9 el e, dled 25,
S

F71€%, RPM, #9459 27te] Wsk Cool JA4Q 4L vAA 8
o o 4= 9t}
Table 11 Antifreeze Concentration 0% (Open loop)
. WTS 0Oil ATS
irrnn];fng ) (CO) Lemp.Temp, Temp.  REM Vn?/sn)
(C) () (C)

1 17.8 1.00 91.5 90.0 39.8 1985 40.0

2 174 1.00 92.3 91.0 40.5 2001 40.0

3 17.7 1.10 92.3 92.0 42.8 2000 40.0

4 17.6 0.90 39.3 92.0 44.3 1995 40.0

5 17.7 1.00 915 92.0 44.3 1982 40.0

) I'r9 1.20 Jo.0 92.0 45.0 1976 40

T 15 116 9608 92:6 443 2022 40

8 176 110 {913 920 45.0 1096 40

9 17.3 1.40 93.0 92.0 43.5 2016 40

10 17.3 1.10 87.0 93.0 46.5 1995 40

11 176 1.20 94.5 93.0 43.5 1991 40

12 17.4 1.40 90.0 93.0 46.5 2006 40

13 176 1.10 90.8 92.0 45.8 2010 40

1% 178 130 373 920 465 1939 39

15 7 100 93:0 92:0 435 2005 40
AVG 17.59 113 91.07 92.00 44 02 1.994 3993

413 59 =% 40%(Closed Loop)

Tt s 409 S R e e —E S S
Table 120] WeEPHRATE Wze2=, dxed 2%, F712%, RPM, AZ&:

=
o] z}ztel w®iste] wE CO9 ®stHs AuRW. Wiy
5Cd w COE 056% %o, CO7F 7Hd we 050%°] 4% W2asreEs 93.
SCERE Yvetwrh 28y, W2+ 7t 938TQ 29 COZF 055%= o =A
LHERSL

Ao A HAeE AFed L7 930CE AT H¢e COE 057%,
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0.56%, 053% %= YEst CO wiE=o] 7FE =2 058%9dAM 9 F7]2=+
435C, 45.8TC, CO wiZ=o] 7Fd <2 050%M 9 F7]+%+ 345C, CO Hj
2 056%°] A9 7% 7F 39.8C, 44.37C, 45.87T, 36.0C, 33.0C= thksA
Yelstth. mebA Closed Loopd$- 574 WY ulddAle] WZ42x, dzxled
=%, 57]1=%, RPM, A#HFEHEe] Zh7ke] WMsl= COol A ddo] gl
o 4 vt
Table 12 Antifreeze Concentration 40%/(Closed loop)
Ambient CO ’IYZ Els Tgr;l Til‘ls RPM VSS
Temp.(C) (%) ~Smp- 2emp. 1EmD. (km/h)
VT AN A

1 189 0.54 90 92 36.8 1979 40

2 16.8 0.55 92.3 89 315 1972 39

3 166 05 938 91 345 1967 39

4 16.3 0.57 92.3 93 38.3 1987 39

5 16.0 0.54 92.3 93 39.8 1953 39

6 16.2 0.54 87.8 94 44.3 1983 40

7 16.0 05 90.8 94 435 1977 40

8 160 054 885 97 458 1981 40

Q 120 A= QO D QL AL Q 1050 20

J TOU. U U.J OJd.U JdJ =J.0 T IIU JJT

10 177 0.5¢6 945 a3 26 1990 A0

11 174 0.5 87.8 93 33.8 1967 39

12 164 0.57 885 93 39 1973 39

13 16.9 0.54 93 93 33 1979 40

14 17.2 0.5% 90 92 315 1986 40

Ib 172 0.5 93.8 92 30 1962 40
AVG: 1677 055 9095 9273 3757 1973 3953
4.1.4. 559 =% 40%(Open Loadp)

I B e R T e
9 ex F7e%, RPM, AA#&wo] zhzhe] wiste] wa COo9 W3t o
A AHEAI} YA5ES T 7 =S 945TCY w CO= 067% o™, CO
b bg e 050%9] A WASESRE S8CE Uehgth AW, Wz
=71 87.8T2A A% CO= 060%, 0.75%=E © =A JeEbYh =3 dAded-
=71 920C A9 CO= 0.70%, 0.67%, 090%, 93.0C< 4<% CO+= 0.75%,
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0.88%, 0.72% = EFSITH.
CO wi&E=Fol 7 =2 090%°A e F7]2%=+ 383TC, CO W&ol 7+
W& 059%0A ] FrIeEE 255Ts How, ogd FAHANRE Ho}f

Closed LoopZd-t- =74 ®el WA WZ4Fex dxed &% F7&%,
RPM, #t&&we] zhzbo]l Wsh= COoll 2 {4 4o das & &+ 2
t}.
Table 13 Antifreeze Concentration 40% (Open Loop)
Ambient €O ’}Zg Tgrgp. ’gr{li. RPM VOO
Temp.(C) (%) Lo [omn [ (km/h)
A A A

1 12.9 0.60 90.8 a1 17.3 1960 38

2 13.1 0.59 87.8 87 255 1971 39

3 138 (VA 893 90 30 1993 40

4 143 07 923 92 323 1998 40

5 14.6 07 923 92 345 2007 40

6 14.9 0.6 387.8 36 27.8 1979 39

7 15.2 0.76 93.8 89 29.3 1978 39

8 154 0.67 915 92 36 1993 40

9 15.5 0.75 387.8 93 40.5 1981 40

10 155 06 915 9% 398 1975 20

H 156 69 96 92 383 2020 46

12 159 0.88 90.8 93 30.8 1961 40

13 16.1 0.72 87 93 435 2014 40

14 16.3 05 89.3 94 443 2002 40

15 16.0 0.67 94.5 92 39.8 2002 40

AVG. 15.01 0.69 90.43 90.67 34.58 1,988 39.67

4.1.5. HED 5= 60%(Close Loop

e HEE 60%° gt A H3ES &stal ol AR Ay [Table 14

of WERRITE WASEE, A0 &%, F71e%, RPM, 4wl 717e]
Walo] whE Coel wWalagd dalA Asnsith WA
d wf CO+= 057%, 0.58%= ety ow CO7F 7Hg v
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SEE 23T Yehuth shARE, WAeE2 =7 923T9 45 CO= 056% =

o =4 YEw . =3 X d2E7F 980T E A 459 COE 0.58%,

0.57%, 0.58%, 0.55%, 0.58%, 0.56%, 0.57% = L}EFRLT.
=

7l xe E. CO %S B 7 =& 059%0A9 F7|+=E 32
3T, 3457, 338TCY uwo]lax CO wi&%o] 7IE AL 0.50%= —"27] =7} 19
5C, §712%7F 71 =2 41.3%° A9 CO HlE#2 057%, 0.58%°]t}. o] &
st A5 A4 E Hol Closed Loop”d ¢ 54 W9l WeolAe W s dxed
=5, F71=%, RPM, A& 77t |sk= COdd A HA < gas v X~
XSS & 5 AL

Table 14 Antifreeze Concentration 60% (Closed Loop)

Ambient CO ’IYZ I’fli Tgrﬂp ’I“Ae rrl;lf) RPM VSS

\ . ) ) )

Temp.(C) (%) ) () () (km/h)
1 12.7 0.5( 92.3 88.0 19.5 1988 40
2 115 0.51 90.8 92.0 25.5 1980 40
3 11.6 0.54 90.8 94.0 30.0 1917 39
4 12.0 0.56 90.8 94.0 30.8 1976 40
5 12.1 0.57 95.3 94.0 30.0 1967 40.0
] 124 0.59 93.0 95.0 32.3 2002 40
7 131 059 908 95:0 345 1996 39
8 132 059 938 95.0 33-8 1972 40
9 13.6 0.5 93.8 95.0 345 1954 39
10 13.6 0.56 92.3 96.0 36.0 1963 39
11 139 0.57 83.5 96.0 39.0 1963 39
12 14.3 0.56 93.8 97.0 375 1922 37
13 14.5 0.58 89.3 98.0 41.3 1959 39
14 150 05 885 9870 413 1983 40
15 149 054 893 90 413 1955 39
VG 13.23 0.54 915 94.93 33.82 1,966 39.33
100 H = &l - — NO/ (O \
1.0 S &= 006(0 )

o Fesds H7bste] [Fed 27 604Y =< %‘Fﬁﬁaﬁr—t— Table 1591
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d AFE ddste] ZA oA A LAV E g
3CY 9 CO= 1.05%, 1.11%, 1.05%= yEelgow CO7F 71 @
A5 W2 EE 90.0T oty apAvE, ¥ZAFL =7 90.0T] 45
= 1.27%, 1.01%= °FzF =4 Yehyn. dded 257 920TC ¢ #W CO+=
1.119%, 1.13%, 1.05%, 94.0C<] 4% CO+ 1.14%, 1.05%, 1.08% = =15 At}
Tl gigk S 1Y CO wiEHo] 7HE =& 1.271% A F71-%
= 41.3C, CO Hj&EZo] 7H & 088% A9 7|+ =+& 285C, S7]2%7}
7 =S 420TolAHe CO wMlE%HS 1.16%°lth. B Axz FZ3o wd
Closed Loopd-%- =4 WS dolAe Wadrez, dxeod 2% JF72%,
RPM, #F#&e] 7hzbe]l W= COol 2HAQA J&FS nAA &5
At

1

Table 15 Antifreeze Concentration 60% (Open Loop)

. WTS Oil ATS
Ambient CO Temp. Temp. Temp. RPM VS

Temp.(T) (%) () () () (km/h)
1 11.6 0.88 90.0 87.0 285 2000 39
2 13.2 1.04 92.8 91.0 315 1971 39
3 134 1.14 915 94.0 35.3 1974 39
4 15.2 1.09 95.3 94.0 35.3 1944 38
5 155 1.08 930 95.0 36.8 1968 39
6 154 27 90:6 976 413 1959 39
7 155 11 0953 920 30.0 1939 38
8 154 1.14 93.8 90.0 39.8 1951 39
9 15.6 1.16 915 93.0 42.0 1932 38
10 16.7 1.13 93.8 92.0 39.8 1962 38
11 18.2 1.07 90.8 90.0 36.0 1930 38
12 Is.1 1.0 3.8 Y4.0 5{6) 1965 oY
13 18:0 167 915 96:0 33 1957 38
14 167 114 938 910 333 1950 38
15 16.1 1.0 90.0 29.0 375 1992 39
AVG. 15.64 1.09 92.06 92.33 35.77 1,959 38.53
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41.7. 359 = 100%(Closed Loop)
Bol REAL Aol VE wu 100%e BHA AW AP AT

Table 169 FERRATH ¥ @FolAE 29

709 &

S =2

P =e 96T Y COE 050% olslem,
CO7F 7Fd e 050%9 49 W72 xE 89T, 85T, 87.8T, 96T ot}
CO7F 7F¢ =& 061%°IA = 87.8T AT =3 dded2®=rt 95.0TC= 94
3 799 COE 050%, 0.58%, 0.59% = LFEFRHTE.

TSR AFE CO HMlEHol =L £+ 059%0M e F7ex=E 40.
5T, 435C, 45.8C, CO wiZE#o] 74 v 0
39.8C, 435T, 44.3C, 465C=2 v}FaA el olgd ¥4
LoopZd ¢ &4 W9 oA dzres, died &% 5725, RPM, A=
o] Zhzke] Wk CO9 wiEel HHFAR 43S mAA Fes & F A

o,

tt
T
o
-
®
o
w
@
[oN
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Table 16 Antifreeze Concentration 100% (Closed Loop)
WTS 0il ATS

Ambient c Voo
Temp.(T) (% T(eorcn)p. T(egg)p T(E:fél)l)’ RPM km/h)

1 184 0.5 87.8 96 495 1986 40
Y/ 16.9 0.0 3Y 93 43 1998 40
3 169 85 885 94 435 2002 46
4 16.6 050 ]78 Q2 405 1005 40
5 178 0.5 89.3 95 44.3 1966 40
6 18 0.5 88.5 96 46.5 1946 39
7 176 0.59 89.3 96 45.8 1969 40
8 17.3 0.5 87.8 95 44.3 1987 40
9 172 05 89.3 95 435 1951 39
10 171 05 56 54 39 1979 39
H 173 05 Sae 93 398 1969 39
12 163 0.5% 915 94 398 1983 39
13 16 0.6] 87.8 92 38.3 1972 39
14 15.3 0.58 89.3 90 33 1958 40
15 145 0.5¢ 88.5 85 26.3 2000 40

AVG. 16.88 0.55% 89.21 93.33 41.47 1,977 39.60

41.8. 559 %X |100%(Open Ldop)
5

o] CO HiZFako] 7H %8 0.34%0l A9 F7]2 %+ 48.0T 9]
I, CO wiZaFo] 7bF e 020%014 9 F7]exE 41.3C, 4587, 4887,
495Co)|th, F71em7 B& FFQ 495ToM e CO wZ L 0.20%, 0.22%,
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9 el A9

9d 2% F7|2%, RPM, A#FEHEe] Zhzbe] Wali= COd

(=)
[\
wW
X
Do
tot
3
e o
o
i)
(ol
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o
w
D
[oN
—
o
@]
S
o
o
B\
o
oL

Table 17 Antifreeze Concentration 40% (Open Loop)

. WTS QOil ATS
Ambient co Tem Temp Temp RPM VSS

I'dmp.( C) ($23 (C) (C) (C) (km/h)
1 17 0.3 87.8 93 43.5 1998 40
2 17.2 0.2 90.8 93 41.3 1981 40
3 17.2 0.27 88.5 95 44.3 1983 40
4 174 0.2 89.3 96 45.8 1976 40
5 175 0.3 39.3 97 13 2010 40
6 173 6-23 90 97 48 1979 460
7 134 025 393 7 488 1983 40
8 178 0.33 93 96 AR R 1995 40
9 17.7 0.24 90.8 97 48.8 1979 40
10 179 0.2 90.8 98 495 1986 40
11 175 0.20 88.5 95 48.8 1971 40
12 185 0.22 37.8 9% 495 1981 40
15 5.4 U.23 515 Jo 49.0 1990 40
15 185 0.29 893 q7 50.3 1089 40
AVG. 17.75 0.25 89.19 95.93 47.63 1,985 40.0
459 FFHF= W—EM—G&TH% AH
EraE FedS AN FRE W, FES 5E 40%, 60%, 100%2 3
S "o HAE AZ v Boprh Aigke of# Table 18% Fig. 20~229]
At 7
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Table 18 CO Concentration of Exhaust Gas

0% 0% 40% 40% 60% 60% 100%  100%

C.L O.L C.I] O.L CL O.L CL O.L
1 0.5 1 0.54 0.6 05 0.88 0.56 0.3
2 05 T 059 059 05T 108 05 0:
3 0-5 1 05 0-63 0-54 114 05 27
4 05 0 0.57 07 0.56 105 0.59 0.2
5 0.5 1 0.56 0.7 057 1.08 0.58 0.34
6 0.5 1.2 0.54 0.6 0.59 1.27 05 .25
7 0.5 1] 0.5§ 0.76 0.59 1.11 0.59 0.28
8 0.5 1.] 0.56 0.67 0.59 1.14 05 0.33
Y 0.6 1. 0.09 0.70 0.06 1.16 0.09 24
iLy 05 1 654 663 656 13 05 62
183 0-5 12 0:55 09 057 107 085 02
12 05 14 0457 088 056 108 (15555 22
13 0.5 1.1 0.56 0.72 058 1.02 0.61 0.23
14 0.5 1. 0.55 0.5 0.57 1.15 0.58 23
15 0.5 1 0.55 0.67 0.57 1.01 0.56 0.25
VG. 5l 1.13 0.55 0.69 0.56 1.09 0.55 0.25
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—e— Antifreeze Concentration 0%, C.L
oe | —a— Antifreeze Concentration 0%, O.L
| - -A- - Antifreeze Concentration 40%, C.L
--m- - Antifreeze Concentration 40%, O.L
o | —*— Antifreeze Concentration 60%, C.L
—e— Antifreeze Concentration 60%, O.L
—+— Antifreeze Concentration 100%, C.L
15 F Antifreeze Concentration 100%, O.L
-1 -
05 | #=
0 I Flgl. 20 ICO Elmlssion (;Iraph Iof E)I(hauslt (Jaé. I I I I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Measuring Times
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—e— Antifreeze concentration 0%, C.L
--&-- Antifreeze concentration 40%, C.L
—x— Antifreeze concentration 60%, C.L
—+— Antifreeze concentration 100%, C.L

Measuring Times
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0.2 —— Open Loop
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Fig. 22 CO Emission with Antifreeze Concentraion at C.L and O.L.
Antifreeze Concentration %
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42. 359 F=d wE HCHlE ZAZFE4
42.1. 259 F= 0%(Closed Loop)
T3 Bo FEdS HulelA] &2 AHOA HC &3S 343 Ad4d7
= Table 199 YeATE. HCZF 190 ppmo 2 YERd =3 1349} 93] A 2
A e 2y g e Aol HolXWk By SA 74 WLl 4
7 }Ho]

H AolBR v ol Ade] o3k Aow dqFwur AR A7
o W2, died 2= F7|2%, RPM, AFEHEe] Zhzbe] st
= HCe| ®spgFel] disir duusity Jae2ee] 49 d4s227t 7H
w2 87.8T ¢ 4% HC+= 147 ppmeo] &5 A3, W2+ 57F 7B =& 93T
o 7 135 ppme.2 7} gt

-
Cd w HC "= 138 ppm, 140 ppm, 142 ppm, 143 ppm, 146
o HC W& 141 ppm, 142 ppm, 148 ppmo 2 T}

Table 19 Antifreeze Concentration 0% (Closed Loop)

) WTS 0il ATS
Ambient CO Temp. Temp. Temp. RPM VS5

Temp.(C) (%) () () (C) (km/h)
1 17.6 190 93.0 91.0 375 2002 40
2 1777 138 90.0 920 405 1968 40
3 1777 141 92.3 93.0 41.3 2022 40
4 18.0 142 915 93.0 42.0 1983 40
5 181 14 78 940 45 8 1984 40
6 16.1 144 7955 55.0 15.0 1938 38.0
7 16.4 148 93.0 81.0 195 1962 39.0
8 16.5 152 92.3 86 27 1926 38.0
9 17.3 19 93.8 89 30 1943 39.0
10 174 139 J1.0 JU.0 30.U 1920 of
H 172 14 968 92:6 383 198t 40-0
12 177 14 89.3 92.0 39.8 1977 40.0
13 17.8 1438 92.3 92.0 39.0 1935 39.0
14 17.0 146 87.8 92.0 41.3 1973 40.0
15 17.6 148 93.0 93.0 39.8 1946 39.0
AVG. 17.34 149.73 90.53 88.33 35.32 1,964 39.27
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HC W&ol 7H =2 152 ppmﬂ]/ﬂ«l Tl e%EE 27C, HC W&ol 74
L7F b v 1500142 HC
458 Tl A o] HC wi&E&e 147

71
=
oopdF- 54 Wl el Yz

Dmo]‘:} 2% A3z Ho}l Closed L
=, dxed %E, 71 %, RPM, A& o] Zhzbe] wighs HColl 2349l
AFe vAA Bes % 4 3l

4.2.2. 59 0% (Open Loop)

ErgRel RS WA e Aolr Z4% APATH: Table 2090
GERGT B AFe] Ax, WAFeRe 49 YARLEs b e 810T
o A% HCE 164 ppmol WEHUM, YAELEst 4 2 03T F%
HCE 169 ppme] &= At kA, HC wiEeo] 149 ppmo. = 7pd v A3k
= YEd W4k s 915Ce . WA= 7E 915CE Yed & 5484
Fo A= HC wiEF 161 ppmo 2 YEYT AU A9+ dded &

=71 920C¥ v HC ¥l&2 159 ppm, 160 ppm, 161 ppm, 169 ppm, 167 ppm,
156 ppm, 163 ppm, 161 ppm, 167 ppmeo] 3, =%7} 93.0C<Y w HC #]&-2 164
ppm, 161 ppm, 170 ppmo.2 ThFskA LHEFS:
F71 2L gk &S B HC wiEo] 7Hd &2 170 ppmel A9 F71&
¥ 4657C, HC wi&EFo] 7P w2 149 ppmel Ao 7= %+ 3
=7 7bg wre 39.8Tol A e HC & %2 149 ppmel i, &7]&%7F 78 =
46.5Co A ¢l HC ¥wiZ % 164 ppm, 167 ppm, 170 ppmelt}. ol&g =74 A3}
& Xol Open Loopd-tolM: 54 R HelAe Wasx dxed
F71%, RPM, AF&F&£i=e] 747po) wist= HCOl A4 o] slos &<
5

|
o Ul

—
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Table 20 Antifreeze Concentration 0% (Open Loop)
WTS 0il ATS

Ambient cQ T T T ROM VSS
. o emp emp. emp.

Temp.(C) (% () () (C) (km/h)
1 17.8 144 915 90.0 39.8 1985 40.0
2 e 155 923 9146 405 2001+ 40:0
3 177 154 923 920 42.8 2000 40.0
4 17.6 16( 89.3 92.0 44.3 1995 40.0
5 17.7 161 91.5 92.0 44.3 1982 40.0
6 179 164 93.0 92.0 435 1976 40
7 175 167 90.8 92.0 443 2022 40
3 176 104 3J.0 92.0 40.0 1996 40
9 173 163 93:60 92:0 435 2016 460
10 173 1 870 93.0 465 1995 40
11 176 16 945 93.0 435 1991 40
12 174 17 90.0 93.0 46.5 2006 40
13 176 161 90.8 92.0 45.8 2010 40
14 17.8 167 87.8 92.0 46.5 1939 39
15 177 154 93.0 92.0 435 2005 40
\VG. 1759 16107 91,07 9200 4402 1,994 3983

42.3. 594 = 40%(Closed Loop)

TTe o] RS HUbste] FEd wx 40%C wrEA AHg A A
i Table 219 YEeSTE Wz re] A9 W42 %7F 7H8 92 87.8T
°] 49 HCE 147 ppmel wi&¥HAx, YaAF2e7t 7B =8 93T 4+
HC= 148 ppme] Hi&¥ At g3, HC #iZo] 135 ppme = 7 w2 A

e UEbd wo WAsS s 915TCe| . B dxed 2%7F 920TY o
HC ®j&2 138 ppm, 140 ppm, 142 ppm, 143 ppm, 146 ppmeo]il, =%=7} 93.
0CY w HC wi&< 141 ppm, 142 ppm, 148 ppmo. & YEFSLTH

F712 5w gk gEs BY HC wiEo] 7Hd #2152 ppmel A9 F712
=+ 27T, HC vi&#o] 7P @& 135 ppmollAle] F7l=%+ 330TC, &7]=
E7F 7Hg w2 15.0TCo A9 HC W& %2 144 ppmol i, 7|57} 7MY =2
45.8Co Aol HC ®iZ=S 147 ppmelt}l. olzjst =4 ZAzE Ho}l Closed

Loopd¢ =4 HY HollHe Wzrex, ddod 25 F7]2%, RPM, 2%

H
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Table 21 Antifreeze Concentration 40%(Closed Loop)

WTS Oil ATS

Ambient CcO VSS

Temp.(C) % Temp TFemp—Femp—RPM )
' () () ()
1 189 127 90 92 36.8 1979 40
2 16.8 133 92.3 89 315 1972 39
3 16.6 129 93.8 91 345 1967 39
4 16.3 12 92.3 93 38.3 1987 39
s} 16.0 1o 92.0 U3 39.8 1905 Si)
6 16:2 133 878 94 443 1983 46
7 16.0 137 908 94 435 177 40
ot 16.0 133 K5 94 458 1981 40
9 16.0 133 89.3 95 45.8 1950 39
10 17.7 139 94.5 93 36 1990 40
11 17.4 129 7.8 93 338 1967 39
12 16.4 12 885 93 39 1973 39
1 169 12§ 93 93 33 1979 40
1A 179 19 QN Q9 21 1094 A0
15 17.2 13 038 Q2 30 1962 40
AVG 16.77 130.20 90.98 92.73 37.57 1,973 39.53
4 245N =55 40%(Opemn Loop)
% A

F5o 40% e AdAE Table 2291 YEFRATH W= 49 9
Zre w7 7H $re 87.0C 9 A9 HC+ 128 ppme] ¥l 1, ¥Z =
7} 7V =8 945C9 7% HCE 131 ppmeol #lE&HA}. 3H Wz
87.8°ColA HC ®Zo] 110 ppmo = 7F4 @& Aupghs vrebich W =
7} 87.8Cel A HC wiZ% 121 ppm, 124 ppme.& YETH dxedewe 7
$= M B FEe dxed 2x7F 920CY W HC #E<S 125 ppm, 113

%

0
F HC+= 134 ppmeo] wWiE=H AL, xed=2%7F 7H =& 94.0Ce 45 HC

= 117 ppm, 125 ppme] ® &% A},
FUNerE v F7]ewvF M @8 173TAA 9 HC #l& %3S 134 ppm
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<

oli, 7127t M %S 443CeA ] HC MZFe 125 ppmolth. 2 ¥ A7
®, Open LoopZd-F-olAE= =4 W9l Welre a2
, 7125, RPM, A& zhzke] wshs HC W= e W

N ed &% Jbﬂ
2 zbolE HolH ka9l
Table 22 Antifreeze Concentration 40% (Open Loop)

Ambient  CO ;’Z LS) Tgﬂp f;;i apy | VSS

Temp(C) (% : : : (km/h)
. ) o)) )

1 12.9 134 90.8 81 173 | 1960 38

2 13.1 114 87.8 87 255 | 1971 39

3 138 12 89.3 90 30 1993 40

4 143 12 93 9P 323 | 1998 40

5 146 119 92.3 92 345 | 2007 40

6 149 121 87.8 86 278 | 1979 39

7 15.2 114 93.8 9 293 | 1978 39

g 54 TT9 915 92 3 T993 70

9 155 12 878 a3 105 | 1981 40

10 155 17 915 94 39811975 40

11 156 124 a0 9@ 383 | 2020 40

12 15.9 124 90.8 93 398 | 1961 40

13 16.1 131 87 93 435 | 2014 40

14 163 127 89.3 94 443 | 2002 40

15 6.0 13 945 s 398 | 2002 10

YACH 10.U1 122.57 JU.45 JU.b7 24.08 1,985 0J.07

4025 BEEH 2% 60%(Closed loop

Ghago hgas gadel vsal v GosoRAN S He 4 Hdn

o s
749 HCE 117 ppme] MiE9 1, W57 743 =& 953CY 4% HC
= 124 ppm, 119 ppme] *j

H H
114 ppme = 7H¢ w2 23 ghe vedlv ©£3 AXed2xe 4= BA
Q2 o)

Hog 71 we ZAFx dxed 2%7F 980CY w HC HiE=LS 117,
120, 119, 116, 118, 115 ppmel i, XY %7} 950CY W HC wj=< 127,
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132, 115 ppmo. & Elyto}

E7)>%o gt 9ES B HC wWiEHo] 7HE =2 132 ppmol A9 F7]2
S+ 338TC, HC siZE&o] 71 & 114 ppmoll A9 F7|=%+ 360T, &7
w7 b vbE 195T oA 9] HC W& 72 126 ppmol i, §7]2 %7 /M &L
41.3°Cell A ¢l HC Hl
th olgd AdAE Hol Closed Loopd$ =4 HS WolAel Wzt4e
=, RPM, #A#&e] zbzhe] wsthe HC W& %ﬁ‘wﬂ

l

=92 117 ppm, 120 ppm, 121 ppm, 116 ppm, 115 ppmo]

Table 23 Antifreeze Concentration 60% (Closed Loop)

. WTS  Oil  ATS
Ambient co Temp. Temp. Temp. RPM VSS

Temp.(T) (%) () () () (km/h)

1 127 126 92.3 88.0 195 1988 40

2 115 126 90.8 92.0 255 1980 40

3 116 119 90.8 94.0 30.0 1917 39

k= 3 1Z.\TJ I JU. O Ja.U JIU.O 1TITU =U

5 121 12 953 4.0 30.0 1967 40.0

6 12.4 121 93.0 95.0 32.3 2002 40

7 13.1 127 90.8 95.0 345 1990 39

8 13.2 132 93.8 95.0 33.8 1972 40

9 136 115 93.8 95.0 345 1954 39

10 13.6 11 92.5 Y6.0 36.0 1963 39

11 139 7 885 96:0 39:0 1963 39

12 143 H 93-8 97.0 375 1922 37

13 145 117 9.3 9Rk0 413 1959 39

14 15.0 120 88.5 98.0 41.3 1983 40

15 14.9 121 89.3 97.0 41.3 1955 39
AVG. 13.23 12193 9154 94.93 33.82 1,966 39.33
426, &N == 60%(Open Loop
&N 5 & 60%°N A Open Loopd (Mol @ @IS Table 249 SFEFISITH
WZrerwo A9 YzLEewr 7bd e 87.8Co A HCE 151 ppme] Hj

e
i
iSZ N

A, Y4227 MY =2 95.3Co A HC HiE %2 165, 146 ppme] Hj
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A

= 9

%1

3k, HC wiZo] 142 ppmol & 7F4 v+& Ay S vyl Wz
O0TCeolth. Wzt %7F 90.0C A YEpd o & Z;T‘;ﬁ@j’%‘)ﬂ’ﬂ—‘:‘ HC Hl
165 ppm, 146 ppmOo & YElyTH Q7o gL
2o 147, 152, 143 ppmo. 2 YERREI 92.0°

149, 146 ppmo. = =1 Ao, 94.0Ce 49 HC Hi=

ppm© = LHERE
F7lexe 9F%s BYl HC wiEo] 7Hd =2 165 ppmel Ao F7=%
=

BTy
e i

=

jud)
==

e
e ot

o

< 155, 159, 151

i

77t 413C, 300Cel %, HC ME o] 743 e 142 ppmol Ao Fr]ers
285C, 7<= 7F 71 w2 285TCoA¢9 HC wi&%2 142 ppmeol 1, 7]
=7  7HE =& 42.0TCol A9 HC W& 2 146 ppmelt}. ojgjst A A=z 1
o} Open LoopZd ¢-ellA %= 74 #9 oA WzFer dzled 2% §7]
2%, RPM, #&&Ee Zh7re] wigly HC W&l AP AA 9&FS v A~
Fee & o9l
Table 24 Antifreeze Concentration 60% (Open Loop)
Ambient CO ’IYZ ;S Tgrlr} ,é: ’In;S RPM VSS
Temp.(C) (%) D. D b. (km/h)

(C) (C) (C)

1 11.6 142 90.0 87.0 285 2000 39
2 13.2 147 92.8 91.0 31.5 1971 39
3 13.4 155 91.5 94.0 35.3 1974 39
4 15.2 15 95.3 94.0 35.3 1944 38
5 155 15 93.0 5.0 36.8 1968 39
6 154 165 9500 970 413 1959 39
7 155 165 953 92:6 36:6 1939 38
8 154 14 038 90.0 398 1951 39
9 15.6 146 91.5 93.0 42.0 1932 38
10 16.7 14 93.8 92.0 39.8 1962 38
11 18.2 148 90.8 90.0 36.0 1930 38
12 18.1 15] 87.8 94.0 36 1963 39
15 138.0 14 91.0 Y6.0 59 1957 i3]
4 167 15 938 916 338 1956 38
15 161 146 900 89.0 375 1992 39
AVG 15.64 151.173 92.06 92.33 35.77 1,959 3853
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4217 59 == 100%(Closed loop)
HBEd F% 100%9 A Closed Loop AElZ 233 A& ZA3E Table 259
C

;'_'l R84 =
ettt W= A4S W45Ert 7B v 87.8°
119 ppm, 126 ppm, 130 ppm, 131 ppme°] WZH A, IFF227F 7 =2
96.0C<¢ % HC+ 125 ppmeo] #iZFH A}t 3-H, HC wj&Eo

o

4o A ke UEd Wsens 915Co

d %7} 89.3CY w HC W2 119 ppm, 124 ppm, 128 ppm, 132 ppm©] L,
L57F 835CY W HC W2 117 ppm, 119 ppm, 120 ppmo. = el

F71+%2E B¥ HC wiE=e] 7Hd =2 132 ppmolA o F712%=+ 4587,
HC ¥i==

o] 7} 2 110 ppmol A9 F7] =% 398C, S712%7F 714 o
A
o

ju

2 263CoA2 HC vl&=< 119 ppmeld, 7|27 71 =& 495C o A
o] HC ¥i&%2 126 ppmeolt}. welA Closed Loopd % =74 Y WolAel #
Td =7 100%Y W WA, < M

o 7zt Wshs HC W&ol 4439 9ae A gee & & o

R

w
SR
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Table 25 Antifreeze Concentration 100% (Closed Loop)
WTS Oil ATS

Ambient cO AVASES
Tdup(C) o  Temd TemplTemp [REM 4y,
1 18.4 126 87.8 96 495 1986 40
2z 16.9 1/ 3Y 93 43 1998 40
3 16:9 12 885 94 435 2002 46
4 16.6 13 {78 Q2 405 1005 40
5 17.8 11 89.3 95 44.3 1966 40
6 18 117 88.5 96 46.5 1946 39
7 17.6 132 89.3 96 45.8 1969 40
8 17.3 13 87.8 95 44.3 1987 40
9 172 12 39.3 9% 435 1951 39
10 171 125 56 54 39 1979 39
1 173 H 873 93 398 1969 39
12 16.3 11 915 94 398 1983 39
13 16 131 87.8 92 38.3 1972 39
14 15.3 124 89.3 90 33 1958 40
15 14.5 11 88.5 35 26.3 2000 40
AVG. 16.88 12383  89.21 93.33 41.47 1,977 39.60
428 F&d F = 100%(Open Loop)
59 s 100%14 Open Loop |[HEIZ g3t A& AptE Tablg 269 4

BRIt W A WasEeErt 7 w2 87.8TC9 749 HC+= 109
ppm, 112 ppm, 114 ppmeo] ®i&¥ L, Y5227k 7HE =2 9083C 3¢
HC & %2 105 ppm, 107 ppm, 109 ppme] wWjE =tk AW A=) 4§
v AsE 96.0C, 97.0CHYgS FAsAT. 96.0Ce 4% HC wE#2
107 ppm, 109 ppm, 110 ppm, 112 ppm, 114 ppmo. & YERAL, 97.0Ce 45
HC ®j& %2 105 ppm, 107 ppm, 112 ppm, 113 ppmo. & 96.0C, 97.0CelA 7}
e MEEY M =& wEES B

F71%e Aol HC viE=e] 7Hd =2 114 ppmel A9 F712 %
4357C, 488Tola, HC #j==o] 7F¢ w2 105 ppmeolA e S712%+ 4838
olty, SV % 488T 2 749 105 ppm, 112 ppm, 114 ppmo. & 7} 2

7+

rr

oSN

e
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Table 26 Antifreeze Concentration 100% (Open Loop)

, WTS  0il  ATS
Ambient CO\ Temp. Temp. Temp. RPM VS5

T (0 (O (1 /1)
R () () () i

1 17 114 87.8 93 435 | 1998 40

2 172 109 90.8 93 413 | 1981 40

3 172 11 885 % 443 | 1983 40

7 174 107 893 %6 58 | 1976 10

o) 170 1T 08J.9 Il 48 ZU10 40

6 173 161 90 97 48 1979 49

7 181 11 893 q7 48 8 1983 40

8 17.8 114 89.3 9% 488 | 1995 40

9 17.7 105 90.8 97 488 | 1979 40

10 179 107 90.8 98 495 | 1986 40

11 175 106 885 % 488 | 1971 40

12 18.5 IO'I 37.8 96 495 1931 40

13 184 112 878 96 49.5—1990 40

14 182 5| 885 9% 4951 1987 40

15 185 bl 89.3 97 503 | 1989 40
AVG. 1775 10980 89.019 9593|4763 | 1,985  |40.00
429. &Y = Wty Wi HC W& 23 1%
-’f¢‘l%0ﬂj Bols HihaA] SXGHS uw) R uol kv 40 60%. 100%% T

< W AE A= vlus] Bokow A A3 gE Table 273 Fig. 23,

a
o
X
o
o
(@}
)
=
o
@]
(o]
o
o\
o
—
ot
2

24, 2591 1/}15}141943]-_ HC7} 190 ppmo.= e}
9 039 AT G Ask @k SRR Aol melm Glok AL, w3
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Table 27 HC Concentration of Exhaust Gas

0% 0% 40% 40% 60% 60%  100%  100%
C.L OlL C.L| O.L C.L O.L C.L O.L
1 - 149 127 134 126 142 126 114
2 138 195 133 110 126 147 120 109
3 141 199 125 121 119 155 120 110
4 =2 6 126 125 122 159 1360 107
5 M7 1t 131 H3 124 159 H9 13
6 44 169 133 121 127 165 11 107
7 148 167 132) 116 127 165 132 112
8 152 136 133 118 132 145 130 114
9 - 163 133 124 115 146 128 105
10 135 164 138 117 114 149 125 107
TT 20 TqT 75 T29 TI7 123 119 T06
12 42 76 126 128 9 15t 16 169
13 43 141 128 131 117 147 131 112
14 146 167 131 125 120 152 124 110
15 48 134 132 131 121 146 119 112

G. 14440 16107 130.40 12287 12173 | 151.73 12333  109.80
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160

140

120

HC(ppm

—e— Antifreeze Concentration 0%, C.L

—=— Antifreeze Concentration 0%, O.L
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—*— Antifreeze Concentration 60%, C.L
—e— Antifreeze Concentration 60%, O.L
—+— Antifreeze Concentration 100%, C.L
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1 1 1 1 1 1 1 1

1

Fig. 23 HG Emission &raplt of Bxhaust Gat
Measuring Times
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160

140
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3

&0 F —— Antifreeze Concentration 40%, C.L
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Measuring Times
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Fig. 25 HC Emission with AAWW?@GE@@B%@FIW&E&T]?%)OL
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43 &Y w29 o1& NOx 23 2 n3
4 2l

3.1, 59 5% 0%(Closed Loop)
TTEE FEde HIbeA] 22 AEdA SAI A A= Table 289
e 2l NOx7F g2 43 k3

2,692 ppmlZ eI =4 6349 A
B dfolg Helm ek melnz S WsddlA FHE RelAw Ane
Mo A AQ7]E stk B Ao oA uAsAE WYEenw dxod &
%, F7)1e%, RPM, A FEwe] zhzhe] Wdle] wE NOyo #alake] ofsl]A
ARG WEere AS WLenst sbg we 78T A%

2,963, 2,968 ppme] MEEH AL, YA E7E 7 =2 93.8T ] A
I

1O
we 4

R

offt
rfo
k1
il
=
Auj
=
rlr
224
™
to
S,
rlo
o
r o
o)
S
o
@)
e,
2
Z,
@)
>
=
i
flo
Qs
IS

=
2951, 2996, 2928, 2968 ppme]il, Axed %7k 93.0CH wf NOx Hi&2
2860, 2959, 2956 ppmo = UHERYETH

Table 28 Antifreeze Concentration 0% (Closed Loop)

) WTS Oil ATS
Ambient CO Temp. Temp. Temp. RPM VS5

Temp.(C) (%) () () (C) (km/h)
1 17.6 2971 93.0 91.0 375 2002 40
Z iy 29172 Y0.0 92.0 40.5 1968 40
3 17.7 2860 92.3 93.0 41.3 2022 40
4 18.0 2959 91.5 93.0 42.0 1983 40
5 54 2963 AR, 946 458 1984 46
6 16.1 2692 7955 55.0 15.0 1938 3.0
7 16.4 2898 93.0 81.0 195 1962 39.0
8 16.5 2926 92.3 86 27 1926 38.0
9 17.3 2927 93.8 89 30 1943 39.0
10 174 2950 91.5 90.0 33.0 1923 37
11 172 291 Y0.8 92.0 30.0 1951 40.0
12 177 2996 893 92:6 398 1977 400
13 178 2928 923 92.0 39:0 1935 39:0
14 17.0 2968 87.8 92.0 41.3 1973 40.0
15 17.6 2956 93.0 93.0 39.8 1946 39.0
AVG. 17.34 2,921.13  90.53 88.33 35.32 1,964 39.27
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EIOl'
N
rlo

o] gt JdFS BW NOx wlE#Fol 7 =2 299 ppmelAe &
= 39.8°C, NOx W& o] 7b¢ e 2858 ppmol Aol F712xE 195T,
7} b 9 195CA e NOx #lE =S 2858 ppmeol i, &F7]Lx7}

458Cel el NOx WlE#He 2963 ppme Bch webA], Closed
=4 W9 Yol e Wases dxded &% F712% RPM, 3
3}

%o 7t7be] W NOx &% Wshd] v BA7 e B & &
(3]

)
rfo

fo K
ki

X
g =
o,
Hir
N _{O l"lO
l
o =
N O

Apw

%0
x
o

ppmo] HlEF Atk @, NOx ®l&o] 2492 ppme & 7bg w2 A¥ s o
Ebd o] WS s 93.0TC o SF At B, WFe
Ehd thE SAA I = NOx & 2587, 2577 ppme2 WEbyth Azle
d &=7F 920Cd W NOx WiE& 2666, 2,703, 3,737, 2587, 2,707, 2,555,
2,492, 2,690, 2,507, 2,577 ppme°lil, &%7} 930C<Y uwl NOx ®lE& 2,695,
2,651, 2,502 ppm .2 TFFElA LHERRE

F7lemd did s B NOx W&ol 7Hd =2 2,758 ppmolA e &

71 &%E 39.8C, NOx W& &o] 7b4 w2 2492 ppmol Aol F71&%E 435TC,
F1em=7t 44 B 398TeIA el NOx wlE%e 2758 ppmol 1, 712 =7}
7hd e 465Col el NOx wWl& %S 2695, 2502, 2507 ppmo = & AxE
o =3l B Open Loopd ol = =4 W9 Uolae Wa4es 19
&, F71e%, RPM, ##F& %) 77k Wale NOxol & 93-S WA o
s ¢ F U
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Table 29 Antifreeze Concentration 0% (Open Loop)
WTS Oil ATS

Ambient CcoO VSS
Tmp.(C) (9§  Temer  Temp[Temp RPNy
1 178 2758 915 90.0 39.8 1985 40.0
Y/ 174 2042 92.3 91.0 40.0 2001 40.0
3 77 2666 923 92:0 42:8 2006 4600
4 17.6 2703 803 Q20 44.3 1095 40.0
5 177 2737 915 92.0 44.3 1932 40.0
6 179 2587 93.0 92.0 435 1976 40
7 175 2707 90.8 92.0 44.3 2022 40
8 176 2555 89.3 92.0 45.0 1996 40
9 17.3 2492 93.0 92.0 435 2016 40
10 173 695 870 930 165 1995 40
1 176 2651 945 93:0 435 1994 40
12 174 2502 90.0 93.0 465 2006 40
13 17.6 2690 90.8 92.0 45.8 2010 40
14 17.8 2507 87.8 92.0 46.5 1939 39
15 17.7 2517 93.0 92.0 435 2005 40
AVG. 17.59 2,636.60  91.07 92.00 44.02 1,994 39.93
433. F &Y 5% 40%(Closed Loop

FEds AHbete]l e & 40%°l wHAM HAS s ZA3E Table
3001 e WHAF2=
NOx+= 2,698 ppmeo] W& 5 9lal, Was=27F 7H =2 945TC ¢ 4
2638 ppmeo] WiEE vk A, NOx wjEo] 2542 ppmo& 7H S
Ve Wzt 90T etk $
TeEE UEYE dXed 2%7F 93.0TCY wW NOx wiE2 2,609, 2,578,
2,638, 2,614, 2557, 2,664 ppmeli, =%X7F 920Cd = NOx wi&2 2,720,
2,542, 2597 ppmO. 2 TFFSHA LEFSE

712 =el dE dFS BW NOx wi=ol 7Hd =2 2,720 ppmolA 9] &
712+ 36.8C, NOx HiE o] 7Hd W& 2542 ppmeoll MY F712%+= 3157T,
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E[olv
)
rlo
o
N

P 7HE wEe 30Tel A9l NOx &% 2597 ppmelil, F7]%7}

7hd =2 458T A 9] NOx Hl &2 2,642, 2,616 ppm©] T
Table 30 Antifreeze Concentration 40% (Closed Loop)
. WTS Oil ATS
ooy Lemp.—Temp, _Temp. REM 00

() (C) ()
1 18.9 2720 90 92 36.8 1979 40
2 16.8 2693 92.3 89 315 1972 39
3 16.6 2586 93.8 91 345 1967 39
4 16.3 2609 92.3 93 38.3 1987 39
5 16.0 2578 92.3 93 39.8 1953 39
© 16.2 20938 S1.8 Y4 44.5 1983 40
Tt 166 2627 968 94 435 1977 40
8 16.0 2642 885 a4 458 1081 40
9 16.0 2616 89.3 95 45.8 1950 39

10 17.7 2638 94.5 93 36 1990 40

11 174 2614 87.8 93 33.8 1967 39

12 16.4 2557 88.5 93 39 1973 39

13 16.9 2664 93 93 33 1979 40

14 172 2542 90 92 315 1986 40

15 12 2597 058 02 30 162 40

AVG 16.77 2.625.40 90.9 9273 3757 1.973.73 3953

434 359 =% 140%(Open Loop)

A 3=—TFable-3tolHE o sl 40 el A e 2 1
o] A W%t /M v 87.0TC 9 A% NOx+ 2,286 ppme] wl&5 %l
3, Y227 7HE =2 945T 9 A9 NOx+ 2,299 ppmeol Attt g, NOx
HjZo] 2270 ppme 2 7HF e Ay s vEhd dae2Es 90.0To|H,
NOx WiZo] 2410 ppmo 2 714 =& A e Uy WA5ews 915C
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NOx+= 2,275 ppmeo] WlZ&% 3, A ed2%7F 7Fd =2 94.0C2 49 NOx
© 2,410, 2,392 ppmo| ®|E = AT}

NOx ®jZ=Fe] 7H4 =2 2,410 ppmol A& 571
71 g2 2266 ppmoll A9 FUl%+= 300TC, S71=7
9] NOx wWl&#2 2275 ppmelx, §7|=+%7F 7FY =2 443C°ﬂ/\1-4 NOx
v & &2 2392 ppmelt). ol# gt 54 ZA}E Hol Open Loopd FAAXE 74
Hel ol Mol ofe] "o mE NOx Wate vugh Aog gl =

Table 31 Antifreeze Concentration 40% (Open Loop)

' WTS  0il  ATS
Ambient co Temp. Temp. Temp. RPM VSS

Temp.(TC) (%) () ) (C) (km/h)

1 12.9 2215 90.8 81 17.3 1960 38

2 13.1 2334 87.8 87 25.5 1971 39

3 13.8 2266 89.3 90 30 1993 40

4 14.3 2299 92.3 92 32.3 1998 40

5 14.6 2294 92.3 92 345 2007 40

6 14.9 2376 87.8 86 27.8 1979 39

7 15.2 2341 93.8 89 29.3 1978 39

8 154 2383 915 92 36 1993 40

9 155 2202 SR 93 405 1ot 40

10 155 24110 915 94 398 1975 40

11 15.6 2270 90 92 38.3 2020 40

12 15.9 2327 90.8 93 39.8 1961 40

13 16.1 2286 87 93 435 2014 40

14 16.3 2392 89.3 94 44.3 2002 40

10 16.0 2499 4.0 ¥4 39.8 2002 40
VG 15:01 2-:322:93 9643 9667 3458 1988 3967

4.35 5% T = 60P%(Closed loop)

niEol =l 60%e] A ANE Table 3201 UJERAT Wzgewe A%
Wz e wst b 2 885T 9 A9 NOxE 2681, 2,645 ppmol wlZ¥ L,
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—

o

ezt 7 2 953C9 A9 NOx= 2

, NOx ®l%o°] 2576 ppmo2 7bg vh& A3 e Jei WAsen

5.3Celm, NOx wjZe] 2749 ppmo2 74 &2 A3 ghe vehd J452
[

L 90.8Telty. dwubA el dxled =7 98.07
&

ro
)

©

0
2,645, 2,576, 2,615, 2,628, 2,630, 2,626 ppmo]iL, &
& 2690, 2,723, 2,668, 2,719 ppmo. 2 L} EFRET),

F712Ee] dE FFE BW NOx wiEZol 7Hd =2 2,749 ppmel A9 &
71 @2 30.0T, NOx wiZ&#Fe] 7bg wre 2576 ppmol A9 &7] 2% 39.07C,
F/1ewst A Bhe 195To A9 NOx wWlE#e 2711 ppmel i, &7 &=}
P =e 413Tole NOx WlE %S 2662, 2,645 2,583, 2,628, 2,626 ppme]

ot webA Closed Loop -5 578 W oA WA E dded &%

=
F71%, RPM, A& we] zhzbe] sl NOxol & 43S v 288 &

5
AskAt

7F 95.0CY = NOx Hi=

H

N
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Table 32 Antifreeze Concentration 60%(Closed Loop)
WTS Oil ATS

Ambient cO Voo
Temp.(C) (%) T(eglf ' T(efcn)p ' T(efg)p - BPM em)
1 12.7 2711 92.3 88.0 195 1988 40
Y/ IT.5 281 90.8 92.0 20.0 1980 40
3 116 279 968 946 36:6 1917 39
4 12.0 2795 Q0.8 940 308 1976 40
5 12.1 2718 95.3 94.0 30.0 1967 40
6 12.4 2690 93.0 95.0 32.3 2002 40
7 13.1 2723 90.8 95.0 34.5 1990 39
8 13.2 2668 93.8 95.0 33.8 1972 40
9 136 2719 93.8 95.0 345 1954 39
10 136 2689 9273 96.0 360 1963 39
H 139 268+ 885 96:9 39:6 1963 39
12 143 265H3 938 97.0 375 1922 37
13 145 2602 89.3 98.0 41.3 1959 39
14 15.0 2645 88.5 98.0 41.3 1983 40
15 149 2583 89.3 97.0 41.3 1955 39
AVG. 13.23 2,680.80  91.54 94.93 33.82 1,966 39.33
4.3.6. 359 % 60%(Open Loop)

A A= Table 330 YEPAT. F5d F27F 60% ¢ wle] NOx v
Ao g HustA =4 ZHA 19, 2038 AL o] AT o3 Az
2 Fuste] AFAEAAE AQA 7|72 sttt Y5 re] A Wyser
7b b wre 8781T 9 49 NOxE 2385 ppmol #jEEH A, W=7 7}
=2 95.3C2 A$ NOx #lE &2 2456, 2,460, 2,428 ppmo] W&
A, NOx #jFo] 2,326 ppme = 7 w2 A3 s ved ¥z
Co|tt. Wz %7k 938ToA Yetd b2 FAZARAAE NOx #E=%
2,341, 2340 ppmo 2 e dHode] A= HHAAow b B 2
o

j=d)
— =

Edgido] gl #AE 90.0TC, 91.0C, 94.0CHY S A8k 90.0TCe 74
NOx Wi &&-2 2,341, 2,388, 2,437 ppmo = YESI, 91.0Ce 49 NOx W=
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ot
rlo
DO

442 2326, 2550 ppmo. 2 YEYom 940Ce A$ NOx &%
2,408, 2,456, 2,385 ppmC. = EFYTE
7]2%o] tigk &S B NOx wlEZo] 7 =2 2,550 ppmeol A 9]

=3 =3
S E 27 41370l 3L, NOx wisE o] 7Hd v 2,326 ppmel A1) F71&%
.

FNewst M EE 420T0A 9 NOx wl& %S 2,368 ppmelth. o] 2]d 574
A7 Hol Open Loopd-¢olME =74 Wl volAe yases, <dxle
L

=
%, §71&%, RPM, A3&E9] 217he] Wahs NOxol 2 9@ w4 &

Table 33 Antifreeze Concentration 60% (Open Loop)

' WTS  Oil  ATS
Ambient co Temp. Temp. Temp. RPM VS5

Temp.(TC) (%) () () ) (km/h)

1 11.6 2435 90.0 87.0 285 2000 39

2 13.2 2442 92.8 91.0 315 1971 39

3 134 2408 91.5 94.0 35.3 1974 39

4 15.2 2456 95.3 94.0 35.3 1944 38

5 155 2508 93.0 95.0 36.8 1968 39

6 154 2397 90.0 97.0 41.3 1959 39

7 155 2460 953 920 300 1939 38

8 154 2341 93.8 90.0 39.8 1951 39

9 15.6 2368 91.5 93.0 42.0 1932 38
10 16.7 2340 93.8 92.0 39.8 1962 38
11 18.2 2388 90.8 90.0 36.0 1930 38
12 18.1 2385 87.8 94.0 36 1963 39
13 18.0 2408 91.5 96.0 33 1957 38
14 16.7 2376 938 910 338 1950 38
15 16+ 2504 56:6 895:60 35 1992 39
VG 1564 241107 92 06 9233 3”877 1,959 3853

4 37T 45 = 100%(Clgsedtoop)
Fatte] Feds HAAtete] e 5= 60pcel stA A A4y
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Table 34°] YeENAY. W52 A Weert 71 92 87.8T 9
A5 NOx+= 2,149, 2,203, 2,214, 2,219, 2,250 ppme°] W &% 12, YZF2=7}
71 =2 96.0C9 2% NOx+= 2191 ppme] wi=% Atk 3¥H, NOx v & o]

T,

2133 ppmo.2 7p vk A¥ e Yebd Y Es 835Tol 7, NOx v

\d

Z2o] 2329 ppmo = 7?” =2 4% s vEd Whe2x=E 89.3Teo|t).
89.3Col 9] NOx W& e 2141, 2,184, 2,212, 2,329 ppmo.& thekalch ozl
%9 exrl 940CY W NOx W& 2181, 2,191, 2,262 ppmo] i, 7}

95.0TCY vl NOx wj&=& 2,184, 2212, 2,250 ppme|™, 96.0TC¥Y = NOx Hj=
2 2,133, 2,203, 2,329 ppm o & YEFRL
w712k i dFS B NOx W&ol 7 =2 2,329 ppmel A 2]

ok

71 €EE 458C, NOx #l& o] 7b¢ e 2133 ppm°ﬂ*H H7lEE= 4657,
2= Mg w2 26.3ToA9 NOx wl& %2 2,169 ppmeli, &7]2%7}

7 =& 495Te A9 NOx wl&&2 2,203 ppmo]\:}. olgg A AN w

o} Closed Loopd§- =74 HE WeAe WZr2%, Ao &% F72%,
RPM, A}k o] Zhzhe]l W3l NOxol| 2 93FS U] A Fes & A
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Table 34 Antifreeze Concentration 100%(Closed Loop)

Ambient cO WTS Oil ATS Voo
Tmp.t) g Tem TemplTemp. TREM gy
1 184 2203 87.8 96 495 1986 40
Y/ 16.9 2236 3Y 93 43 1998 40
3 169 215t 885 94 435 2002 40
4 16.6 2219 78 Q2 405 1095 40
5 178 2212 89.3 95 44.3 1966 40
6 18 2133 88.5 96 46.5 1946 39
7 176 2329 89.3 96 45.8 1969 40
8 17.3 2250 87.8 95 44.3 1987 40
9 172 2184 89.3 95 435 1951 39
10 171 191 56 54 39 1979 39
1 173 2214 878 93 398 1969 39
12 16.3 2262 915 94 398 1983 39
13 16 2149 87.8 92 38.3 1972 39
14 15.3 2141 89.3 90 33 1958 40
15 145 2169 88.5 85 26.3 2000 40
AVG. 16.88 2,204.87  89.21 93.33 41.47 1,977 39.60
43.8. &9 X 1002 (Open Loop)

100%?—;1“119] AFZANE Table 350 YEFHATE Y2pFEe
2 878T <9 A% NOxT 2277, 2,341, 2,342 ppm©]
=2 908TC9 A9 NOx wl&%2 2316, 2,346,
2,351 ppme] NOx7} #]lZ=lch. dhH, NOx wjEo] 2265 ppmo = 71 &
A s YEd W Es 893TC otk WA= E7F 89.3ColA vEhd o
E A A= NOx W& 2,265 ppm, 2,287 ppm, 2,288 ppm, 2,302 ppm,
ppmo & YEyt HEAow 7P BE 2R=t9Ql 96.0T, 97.0THY
S X489 96.0TC e 4$ NOx Wl&32 2283 ppm, 2,340 ppm, 2,341 ppm,
2,342 ppm, 2,343 ppmo. = YEREL 97.0Ce 4$ NOx wi&#%2 2,265 ppm,
2,287 ppm, 2,302 ppm, 2,346 ppm, 2,348 ppmo. & }EFRETE

7S 7F 7}%

X
1
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EF712%e gt &S HH NOx W&ol 7Hg =2 2360 ppmel Ao &
7] & EE 488Tola, NOx HlEZo] 7H4 w2 2265 ppmolA e Fr72=+
480Colth 4714 71 =& NOx HlE%S H<Ql 488T<9 A% NOx wl=%
kol 2287 ppm, 2,283 ppm, 2,346 ppm, 2,360 ppmo. = YEYT S7]==7}
71 g2 413TCoA9 NOx w32 2351 ppmel, S7]1<=7F 7 =&

TolA 9] NOx #& %2 2,302 ppm©] t}.
Table 35 Antifreeze Concentration 100%(Open Loop)
Ambient CO ’IYZ Els Tgrﬁ ’II‘A:: ;S RPM VSS
Temp.(T) (%) oop. Semp. e (km/h)
VO AN AN

1 17 227 7.8 93 435 1998 40
2 17.2 2351 90.8 93 41.3 1981 40
3 172 2301 885 95 #44.3 1983 #460)
4 174 2340 9.3 96 458 1976 40
5 17.5 2265 89.3 97 48 2010 40
6 17.3 2348 90 97 48 1979 40
7 18.1 2287 9.3 97 48.8 1983 40
8 17.8 2288 89.3 96 48.8 1995 40
9 17.7 2346 90.8 97 48.8 1979 40
10 179 2316 90.8 98 495 1986 40

185 2342 78 9 495 108] 40
13 18.4 2343 87.8 96 49.5 1990 40
14 18.2 2341 88.5 96 495 1987 40
15 185 2302 89.3 97 50.3 1989 40

AVG. 17.75 2,320.47  89.19 95.93 47.63 1,985 40.00
439. FEd & ¥sld & NOx Wi& 2% 13

sk BEas HAbSEA ke uwl, BEd T% 40%, 60%, 100% = g
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Table 36 NOx Concentration of Exhaust Gas

0% 0% 40% 40% 60% 60% 100%  100%

C.L O.L C.L O.L C.L O.L C.L O.L
1 2P71 2798 272 2275 2711 2435 2203 277
2 2912 2792 2693 2334 2751 2442 2236 £35t1
3 2860 2666 258 2266 249 2408 R P30+
4 2P39 2703 2609 2299 2725 2456 2219 340
5 2P63 2787 2574 2294 2718 2508 2212 P265
6 2092 2587 2694 2376 2690 2397 2133 348
7 2858 2707 2621 2341 2723 2460 2329 P287
8 2P26 2595 2644 2383 2668 2341 2250 P28K
9 7 24 2614 9 719 368 2184 P36
O 2p50 2695 2634 2416 2689 2346 219t P36
11 2051 2651 261 2270 2681 2388 2914 360
2 2096 2502 2557 2327 2653 2385 2262 342
13 2P28 2690 2664 2286 2662 2408 2149 343
14 2P68 2507 2541 2392 2645 2326 2141 341
15 2P56 25Y7 2597 2299 2583 2504 2169 $302
VG. 2718856 2,471.81 2463.81 2,180.2p 2,525.44(2,264.13 2,073.31 2,]181.69
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3500

2500

NOx(ppm)

1500

1000

—

—— Antifreeze Concentration 0%, C.L
—a— Antifreeze Concentration 0%, O.L
- -2~ - Antifreeze Concentration 40%, C.L
Antifreeze Concentration 40%, O.L
—x— Antifreeze Concentration 60%, C.L
—e— Antifreeze Concentration 60%, O.L
—+— Antifreeze Concentration 100%, C.L
—— Antifreeze Concentration 100%, O.L

I O o VAN P S = L | ! R o S | I
r1g. Z0 INUX LITISSIOI GIdpil Ol EXITdusSU Gds.

1 2 3 4 5 6 7 8 9
Measuring Times

10

1A

12
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Nox(ppm)

—e— Antifreeze Concentraion 0% C.L

- A= - Antifreeze Concentraion 409% C.L

—x— Antifreeze Concentraion 60% C.L

—+— Antifreeze Concentraion 100% C.L

1000
Fig

. 27 NOx Eshissidn Giaph 6f Exhaust8Gas@losdéd Lodp). 12

Measuring Times
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= 2000

1800 F —&— Closed Loop
- 4 - Open Loop
1600

1400 ' ' '

4 o 100
Fig. 28 NOx Emissiog with AntifreezeOConcentraion at 8L and O.L.

Antifreeze concentration(%)
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44 59 = & CO. HC. NOx9 &9 A7 nz
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Table 37 Exhaust Gas Emission at Antifreeze Concentration 0% (C.L)

COq Oz CO HC NOx

(%) (%) (%) (ppm) (ppm)
1 135 0.9 1.02 A 050 190 2971
Z 15.6 Ul 1.U] U.oU 153 2914
] 12 & TAY h AN N CN 141 QLN
136 040 1.01 0.50 142 2959

5 13.6 0.10 1.0 0.50 147 2963
6 13.9 1.00 1.02 0.50 144 2692
7 14.0 0.8 1.0] 0.50 148 2858
3 14.1 0.y 1.01] 0.50 152 2926
] 141 0.y 1.0 0.60 190 2927
0 135 Of 1071 050 135 2950
1 135 0B 104 0:50 140 2951
2 136 0.80 10 0.50 142 2996
13 13.6 0.10 1.0] 0.50 143 2928
14 13.6 0.70 1.0] 0.50 146 2968
15 13.7 0.80 1.0] 0.50 148 2956

AVG. 13.70 0.16 1.01 0.51 149.73 2921.13
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Table 38 Exhaust Gas Emission at Antifreeze Concentration 0% (O.L)

CO2 o) CO HC NOx

(%) (%) (%) (ppm) (ppm)
1 13.7 0p 090 A 1.00 149 2758
Z 1o.7 U. [VAS) 1.U0 100 222
2 19 7 AN VAY AW Al 110 10 (D YATATAS
4 138 0.50 0.99 0.90 160 2703
5 13.8 0.40 0.9 1.00 161 2737
6 13.8 0.40 0.97 1.20 169 2587
7 13.7 0.50 0.98 1.10 167 2707
8 135 0.50 0.98 1.10 156 2555
9 13.3 0.40 09 1.40 163 2492
to 135 650 98 16 1654 9695
11 135 040 0.97 120 161 2651
12 134 0.40 0.9 1.40 170 2502
13 13.6 0.40 0.98 1.10 161 2690
14 135 0.40 0.97 1.30 167 2507
15 136 0.50 0.98 1.00 154 2577

AVG. 361 047 09 113 161,07 | 263660
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Table 39 Exhaust Gas Emission at Antifreeze Concentration 40%(C.L)

COq 02 CO HC NOx

(%) (%) (%) (ppm) (ppm)

1 13.7 0.79 1.01 A 054 127 2720
2 137 0.86 1701 055 133 2693
2 192 4 NN 1N NN 19 O QL
4 135 073 1.0 057 126 2609
5 135 0.13 1.0] 0.56 131 2578
6 135 0.65 1.0 0.56 133 2698
7 13.5 0.70 1.0 0.58 132 2627
S 13.6 0.60 1.0 0.56 133 2642
9 13.6 0.10 1.01 0.58 133 2616
0 135 073 101 056 138 2638
1 1 BRES 1.6 55 125 2611
2 137 097 1.01 057 126 2557
|3 13.7 0.81 1.01 0.56 128 2664
14 13.7 0.83 1.01 0.55 131 2542
15 13.7 0.718 1.01 0.55 132 2597

AVG. 13.59 0.74 1.0] 0.55 130.20 2,625.40
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Table 40 Exhaust Gas Emission at Antifreeze Concentration 40%(0.L)

CO2 O2 CO HC NOx
(%) (%) (%) (ppm) (ppm)
1 14.4 0.10 1.0] A 0.60 134 2275
Z 14.U U.U 1.U U.0Y j§LY) 2504
2 141 JAY A 10O TAWALS) 191 (918 YATA)
141 065 1 070 125 2299
D 13.9 0.b 0.99 0.7 113 2294
6 13.9 0.y 1.0] 0.6 121 2376
t 13.7 0.47 0.99 0.76 116 2341
3 13.7 a1 1 0.67 118 2383
13.7 Al 0.9 0.75 124 2292
0 137 058 T 0763 7 2410
= 135 0:50 0:94 89 129 2270
2 136 0.46 0.99 0.88 128 2327
13 13.6 0.46 0.99 0.72 131 2286
14 13.7 0.43 1 0.5 125 2392
15 13.6 0.0 1 0.67 131 2299
AVG. 3.81 097 1.0 0.69 122.87 2,322.93
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Table 41 Exhaust Gas Emission at Antifreeze Concentration 60%(C.L)

CO; 03 co HC NOx
(%) (%) (%) (ppm) (ppm)
1 14.2 10 1.0 A 050 126 2711
2 14.0 [VAS V) 1.U4 V.01 126 Z(31
»]) 140 FaY Q 1N o4 11Q D740
397 0.89 10 056 122 2795
5 4,00 0.68 1.0 0.57 124 2718
6 14.05 0.96 1.01 0.59 127 2690
7 14.07 0.7 1.01 0.59 127 2723
3 [4.06 0.92 .01 0.59 132 26683
3.5 0.92 1.0 0.06 115 2719
6 377 673 6 656 4 9689
£l 3.76 0.46 10 .57 H7 2631
2 3.776 048 1.0 0.56 1 2653
13 13.83 0.843 1.0] 0.58 117 2662
14 13.77 0.81 1.01 0.57 120 2645
15 3.80 0.3 1.01 0.57 121 2583
AVG. 394 0.82 .01 056 12173 | 2,689.80
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Table 42 Exhaust Gas Emission at Antifreeze Concentration 60%/(0.L)

CO. O3 CO HC NOx
(%) (%) (%) (ppm) (ppm)
1 13.70 0.68 0.99 A 033 142 2435
2 1380 048 098 1.08 47 2442
2 2 Q1 JAN=VAY AW Ak 114 155 (9}, VaYe)
4 3.89 046 0.9 1.05 159 2456
|5 3.86 0.30 0.97 1.08 159 2508
6 13.81 0.43 0.9 1.27 165 2397
7 13.89 0.48 0.9 1.11 165 2460
8 13.40 0.42 0.9 1.14 145 2341
9 3.40 0.49 09 1.16 146 2368
vj t3453 046 (VAS) 13 149 2340
1 351 649 09 107 148 2388
2 3.46 0.49 0.9 1.08 151 2385
13 13.50 0.44 0.98 1.02 147 2408
14 13.30 0.51 0.9 1.15 152 2326
15 13.44 0.42 0.9%8 1.01 146 2504
ANVG 13.61 0.48 0.97 1.09 151.73 2,411.07
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Table 43 Exhaust Gas Emission at Antifreeze Concentration 100%(C.L)

CO2 Oz CO HC NOx

(%) (%) (%) (ppm) (ppm)

1 136 0.60 1.(;:i> A 056 126 2203
2 15.0 U.0U I. U.0U 120 22350
2 12 & A 1N NN 120, 21Q1
4 135 092 1.0 0.59 130 2219
5 135 0.68 1.00 0.58 119 2212
6 135 0.60 1.0(1) 0.50 117 2133
7 138 0.60 1.04) 0.59 132 2329
3 138 0.60 1.0 0.50 130 2250
9 13.8 0.60 l.ﬁ 0.99 128 21384
0 1338 060 T 0:50 125 215t
1 13+ 0:60 10 0:50 H9 2214
2 137 0.67 10 055 110 2262,
13 14 0.60 1.00 0.61 131 2149
14 139 0.60 1.0 0.58 124 2141
15 139 0.72 1.0] 0.56 119 2169

ANG 13.71 0.63 1.0 0.55 123.33 2,204.87
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Table 44 Exhaust Gas Emission at Antifreeze Concentration 100%(O.L)

CO, Oz CO HC NOx

(%) (%) (%) (ppm) (ppm)
1 13.8 0.7 102 Mo3 114 2277
2 1377 0B .02 0.2 109 2351
2 192 N VAL O 11N 29N1
4 135 0y 1.0 0.2 107 2340
B 136 0. 1.0 0.34 113 2265
6 136 0.74 1.0 0.25 107 2348
7 13.7 0.f 1.02 0.28 112 2287
3 13.7 0.72 1.0] 0.33 114 2238
9 13.6 0.80 1.02 0.24 105 2346
v 137 VAS) 102 0:2 107 2316
1 136 0:b 10 62 106 2360
2 13.7 0R 1.0 0.22 109 2342
13 13.7 0.8 1.02 0.23 112 2343
14 13.7 0.8 1.02 0.23 110 2341
15 13.7 0.7 1.02 0.25 112 2302

ANVG 13.65 0.5 1.02 0.25 109.80 2,320.47
Table 45 CO2, Oz, Emission at C.L and O.L
Closed Loop Open Loop
COz Oz COZ 02
(%) (%) (%) (%)

0(%) 13.7 0.76 1.01 A 13.61 0.47 0.98
40(%) 13.59 0.74 1.01 13.81 0.57 1
60(%) 13.94 0.82 1.01 13.61 0.48 0.97
100(%%) S 1 0.po 1 13.60 0.70 1.02

A
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