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Hrinusemas 35.1234 35.1039 0.0195 0.06
Lot 253661 25.3589 0.0072 0.03
-Qﬂﬁl‘ij‘ﬁil 9.7573 9.7450 0.0123 0.13

Sudainfudemas|  9.8838 9.8807 0.0031 0.03
(Hoau 7.8257 7.8245 0.0012 0.02
A 2.0581 2.0562 0.0019 0.09

lon 54.2803 54.2493 0.0310 0.06

ey 42.4378 42.4100 0.0278 0.07

uuSAles 1 12.7054 12.6804 0.0250 0.20

WIS AR 2 13.0854 13.0584 0.0270 021

WIUSAIS 3 12.0905 12.0736 0.0169 0.14

Aundouniusa 37.8813 37.8124 0.0689 0.18

Uy 20.8243 20.8123 0.0120 0.06

5 eded 30.8114 30.8069 0.0045 0.01
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Diiusemae 35.1039 35.1039 0.0000 0.000
1Aty 25.3589 25.3589 0.0000 0.000
-Qﬂq"lj‘ﬁn 9.7450 9.7450 0.0000 0.000
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Jioa 7.8245 7.8245 0.0000 0.000
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auloid 42.4100 42.4100 0.0000 0.000

imIusaes 1 12.6804 12.6419 0.0385 0.304

MU ALLDS 2 13.0584 13.0394 0.0190 0.146

IS ALS 3 12.0736 12.0621 0.0115 0.095

fundounIusa 37.8124 37.7434 0.0690 0.182

s 20.8123 20.8110 0.0013 0.006

W5 ed oA 30.8069 30.8066 0.0003 0.001
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Haviviudemas 35.1234 35.1039 0.0195 0.056
@il 25.3661 25.3589 0.0072 0.028
-gnz;mﬁu 9.7573 9.7450 0.0123 0.126
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A 2.0581 2.0562 0.0019 0.092

au'lon 54.2803 54.1248 0.1555 0.286

auloid 42 4378 42.4100 0.0278 0.066

IMIUsALLBS 1 12.7054 12.6419 0.0635 0.500

WusALeS 2 13.0854 13.0394 0.0460 0.352

uusAes 3 12.0905 12.0621 0.0284 0.235

AunAounIuGA 37.8813 37.7434 0.1379 0.364

i 20.8243 20.8110 0.0133 0.064

w3 e R 30.8114 30.8066 0.0048 0.016
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Huviudemas 35.1707 35.1577 0.013 0.037
Bty 25.3553 253514 0.0039 0.015
-@,ﬂquﬁu 9.8154 9.8063 0.0091 0.093

, AudainhuFema 9.9406 9.9372 0.0034 0.034
oAy 7.8779 7.8766 0.0013 0.017
A 2.0627 2.0606 0.0021 0.102

auled 53.7279 53.7122 0.0157 0.029

auleide 42 4796 42.4214 0.0582 0.137

UmIusAIes 1 12.6891 12.5352 0.1539 1213

unIusALLes 2 13.0426 12.8751 0.1675 1.284

nausaes 3 12.0423 11.948 0.0943 0.783

AuRfounIuea 37.774 373583 0.4157 1.100

i 20.9601 20.9402 0.0199 0.095

5oy 30.9447 30.9423 0.0024 0.008
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Hurhinsemas 35.1577 35.1576 0.0001 0.000
1oty 253514 253514 0.0000 0.000
—Qﬂquﬁu 9.8063 9.8062 0.0001 0.001

Sudainhudemas| 99372 9.9370 0.0002 0.002
\Aoau 7.8766 7.8766 0.0000 0.000
A 2.0606 2.0604 0.0002 0.010

a'lon 53.7122 53.6838 0.0284 0.053

auloidy 424214 42.3840 0.0374 0.088

uIUsAIS 1 12.5030 12.3755 0.1275 1.020

unusales 2 12.8330 12.7268 0.1062 0.828

uausALLes 3 119133 11.8476 0.0657 0.551

AundounIusa 37.2493 36.9499 0.2994 0.804

iy 20.9020 20.8875 0.0145 0.069

S eded 30.9423 30.9417 0.0006 0.002
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fuvhiudema 35.1707 35.1576 0.0131 0.037
Aoty 253553 25.3514 0.0039 0.015
—gnqu‘ﬁu 9.8154 9.8062 0.0092 0.094
Sudaiiusemas 9.9406 9.9370 0.0036 0.036
\doau 7.8779 7.8766 0.0013 0.017
Ay 2.0627 2.0604 0.0023 0.112
a'lon 53.7279 53.6838 0.0441 0.082
aulord 424796 42.3840 0.0956 0.225
unusawes 1 12.6569 12.3755 02814 2223
INIUBAILDS 2 13.0005 12.7268 0.2737 2.105
WIUBALBS 3 12.0076 11.8476 0.16 1557
AundounIuSA 37.665 36.9499 0.7151 1.899
i aui s 20.9219 20.8875 0.0344 0.164
WS adedmn 30.9447 30.9417 0.003 0.010
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et 25.2881 25.2858 0.0023 0.01
anilu 9.801 9.7989 0.0021 0.02
Sudaivausemds | 9.8897 9.8859 0.0038 0.04
iHondn 7.8459 7.8444 0.0015 0.02
LGk 2.0438 2.0415 0.0023 0.1
naled 55.1442 55.1313 0.0129 0.02
nan lerdy 425925 42.5793 0.0132 0.03
IMIUS LIRS 1 12.6215 : : .

NS ALLIDI2 12.9038 - - -
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Taniusemas 35.0891 35.0847 0.0044 0.013
il 25.2881 252858 0.0023 0.009
Qﬂ‘ﬁil 9.801 9.7989 0.0021 0.021
e As 9.8897 9.8859 0.0038 0.038
o 7.8459 7.8444 0.0015 0.019
9187 2.0438 2.0415 0.0023 0.113
18108 55.1442 55.1313 0.0129 0.023
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147 1o 55.2309 55.2071 0.0238 0.043
1a leide 43.0444 43.0332 0.0112 0.026
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sy 21.0349 20.9705 0.0644 0.306
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PTT RESEARCH AND TECHNOLOGY INSTITUTE Division : Fuels & Lubricants Analysis
PETROLEUM AUTHORITY OF THAILAND Department : Fuels & Lubricants Research

71 Moo 2 Phahonyothin Rd., Wangnoi, Ayutthaya Tel. : (035)723066-124 Ext. 3230 Fax.: (035)723048 Ext. 3210

CERT NO.

CERTIFICATE OF ANALYSIS

: FLA-FO72/44 PAGE ]
REFERENCE NO. : 179/44 NO. OF SAMPLE REPORTED : 1
SAMPLING DATE 2 RECEIVED DATE : 30/04/44
SAMPLE CONDITION : good ANALYSIS DATE : 9/05/44
SAMPLE FROM s uninendusarauATunf  OPERATOR NAME 1 SUP, MJ
SAMPLE ID. | SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
OA-D14/44 ity Specific gravity at 15.6/15.6 °C ASTM D1298 0.9163
Viscosity at 40 °C (cSt) ASTM D445 40.90
Gross heat of combustion {J/g) ASTM D240 39314
Flash point (°C) ASTM D93 > 300
Water and sediment (%vol.) ASTM D2709 traces
REMARK :

REPORTED BY :

DATE OF ISSUE :

THIS CERTIFICATE OF ANALYSIS IS REFERRED TO ONLY SUBMITTED SAMPLE(S) .

ANY PURPQSES. EXCEPT IN FULL .,

MANAGER.

APPROVED BY :

F /:1”7/

(Division Manager)

-5 =17

IT IS YOUR RESPONSIBLE TO USE HEREIN RESULTS IN
THIS CERTIFICATE SHALL NOT BE REPRODUCED WITHOUT THE WRITTEN APPROVAL OF THE DIVISION
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PTT RESEARCH AND TECHNOLOGY INSTITUTE
PTT PUBLIC COMPANY LIMITED

Group : fuel Preducts

Depariment : Fuels & Lubricants Research

71 Moo 2 Phahonyothin Rd.. Wangnoi, Ayutthaya Tel. : (035)723066-124 Ext. 3245 Fax.: (035)723048 Ext. 3210

CERTIFICATE OF ANALYSIS
CERT NO. : FLA-F171/44 PAGE M
REFERENCE NO. : 627-629/44 NO. OF SAMPLE REPORTED : 3
SAMPLING DATE - RECEIVED DATE 1 8/11/44
SAMPLE CONDITION : good ANALYSIS DATE 1 15/11/44
SAMPLE FROM - mAdTTRINTTAsINa OPERATOR NAME : SUP

U . AauATUNg

SAMPLE ID. SAMPLE NAME TEST ITEM (UNIT) | TEST METHOD | RESULT
FA-631/44 OoLP Ash (% wt) ASTMD482 | <0.001
FA-632/44 DGTA Ash (% wt) ASTM D 482 < 0.001
FA-633/44 cP Ash (% wt) ASTMD482 | 00185
REMARK :
]
REPORTED BY ; Chanchada Tipdechy APPROVED BY : ﬁﬁ[ 7

(Senior Researcher)

DATE OF ISSUE : /V&'Vaw) ey



PTT RESEARCH AND TECHNOLOGY INSTITUTE
PTT PUBLIC COMPANY LIMITED

Group : Fuel products

Department : Fuels & Lubricants Research
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71 Moc2 Phahonyothin Rd., Wangnoi, Ayutthaya Tel. : (035)723066-124 Ext. 3230 Fax.: (035)723048 Ext. 3210

CERTIFICATE OF ANALYSIS

CERT NO. : FLA-F162/44 PAGE ;N
REFERENCE NO. : 502-504/44 NO. OF SAMPLE REPORTED : 3
SAMPLING DATE T- RECEIVED DATE : 3/10/44
SAMPLE CONDITION : good ANALYSIS DATE 1 16-18/10/44
OPERATOR NAME :SUP
SAMPLE FROM - MPATHAINITIATRINA H.697A7
SAMPLE ID. SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
FA-540/44 oLP Distillation ASTM DB6*
80% recovered (°C) 319
FA-541144 DGDA Distillation ASTM D86*
90% recovered ("C) 341
FA-542/44 cp Distillation ASTM D86"
90% recovered (°C) 320
REMARK : Manual distillation

REPORTED

BY : :}ﬁbbdﬂd

DATE OF ISSUE :

APPROVED BY :

WL T

(Senior Researcher)

Cof' 19 Jees
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Department : Fuels & Lubricants Research

=

71 Moo 2 Phahonyothin Rd., Wangnoi, Ayutthaya Tel. : (036)723066-124 Ext. 3245 Fax.: (035)723048 Ext. 3210

CERTIFICATE OF ANALYSIS
CERT NO. : FLA-F151/44 PAGE =11
REFERENCE NO. : 489-493/44 NO. OF SAMPLE REPORTED : §
SAMPLING DATE - RECEIVED DATE : 26/10/44
SAMPLE CONDITION : good ANALYSIS DATE : 4/10/44
SAMPLE FROM ;W AR UATUNg OPERATOR NAME  :SUP
SAMPLE ID. SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
FA-489/44 CP Carbon residue (%wt.) ASTM D4530 0.424
FA-490/44 DGDA Carbon residue (%wt.) ASTM D4530 0.332
FA-491/44 OLP Carbon residue (%wt.) ASTM D4530 0.216
FA-492/44 OLPK Carbon residue (%wt.) ASTM D4530 0.176
FA-493/44 D2 Carbon residue (%wt.) ASTM D4530 < 0.001
REMARK :

REPORTED BY :

Chanchada

Tipdecho

DATE OF ISSUE :

APPROVED BY :

oA Ut —

(Senior Researcher)
Q/ io/id’-



PTT RESEARCH AND TECHNOLOGY INSTITUTE
PTT PUBLIC COMPANY LIMITED

Depariment : Fuels & Lubricants Research
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71 Moo 2 Phahonyothin Rd., Wangnoi, Ayulthaya Tel. : (035)723066-124 Ext. 2413 Fax.: (035)723048 Ext. 2236

CERTIFICATE OF ANALYSIS
CERT NO. . FLA-L102/44 PAGE - 4/4
REFERENCE NO.  : 464-472/44 NO. OF SAMPLE REPORTED: 9
SAMPLING DATE . RECEIVED DATE  : 18/09/44
SAMPLE CONDITION : Good ANALYSIS DATE  : 19/09/44
SAMPLE FROM . peReTiAONITIATENA  OPERATOR NAME @ ST
. AsRIUATUNT
SAMPLE ID. | SAMPLE | TEST ITEM TEST RESULT
NAME (UNIT) METHOD | Fe | Pb | C | A | cu | si
L&\-386/44 D1 Wear Metal ASTM D 5185 38 6.3 1.4 6.2 12 8.3
LA-387/44 D2 (mgkg) 7l 27| 17| 11 |oer] 75
LA-388/44 D3 72 1.8 1.4 11 0.46 8.2
LA-389/44 D5 25 1.3 0.74 10 0.39 71
LA-390/44 OP1 49 11 54 15 1.5 11
LA-39144 | OP2 a7 | 41 | es | 8] 10} 2
LA-39244 | O3 43 ] 20 73] 5 loss] 2
LA-393/44 OP4 59 22 10.8 17 1.0 14
LA-394/44 OP5 45 12 8.7 14 0.80 9.8
REMARK :

REPORTED BY : AC

APPROVED BY : é}é‘x’ T

(Senior Researcher)

DATE OF ISSUE :  Ck/f 4, Loc/



PTT RESEARCH AND TECHNOLOGY INSTITUTE
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71 Moo 2 Phahonyothin Rd., Wangnoi, Ayutthaya Tel. : (035)723066-124 Ext. 2413 Fax.: (035)723048 Ext. 2236

CERTIFICATE OF ANALYSIS

CERT NO. : FLA-L109/44 PAGE : 33

REFERENCE NO. : 601-611/44 NO. OF SAMPLE REPORTED : 11

SAMPLING DATE - RECEIVED DATE : 29/10/44

SAMPLE CONDITION : Good ANALYSIS DATE : 05-07/11/44

SAMPLE FROM . MAMTAINIIMASEINA  OPERATOR NAME  : ST

H. AerATuATUNT
SAMPLE ID. | SAMPLE | TEST ITEM TEST RESULT
NAME (UNIT) METHOD Fe { Pb | o | A | Cu ]| S

LA-457/44 D6 WearMetal | ASTMDS5185 | 66 | 48 | 15 | 65 | 064 | 28
LA-458/44 o7 (mg/kg) 47 | 17 | 079 | 50 | ND. | 0.16
LA-459/44 D8 340214 e0is0 Y FS BT A NID. S £ 153
LA-460/44 D9 68 ]% 1.8 11065 i 4B N 17
LA-461/44 D10 25 | 12 | 023 | 31 | ND. | ND.
LA-462/44 oPg 74T 7 | e 618 5| 010R ] 4.2
LA-463/44 OP7 505} eam s 03] LA
LA-464/44 OP8 41 | oailiese Tliaei0 ] NiDL | i2ia
LA-465/44 OPg 44 | 15 | 50 |.68 | nD. | 22
LA-466/44 OP10 45 |2 ome 57 JOND. | e
LA-467/44 V-120 063 | 067 | ND. | ND. | ND. | 19

REPORTED BY : AC

APPROVED BY : fludth™ Ukth__—

(Specialist)

DATE OF ISSUE : 8/11/¢a
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CERTIFICATE OF ANALYSIS
CERT NO. : FLA-L103/44 PAGE : 33
REFERENCE NO. : 478-483/44 NO. OF SAMPLE REPORTED : 6
SAMPLING DATE - RECEIVED DATE 1 24/09/44
SAMPLE CONDITION : Good ANALYSIS DATE 1 25/09/44
SAMPLE FROM . mAMAAINITATaINA  OPERATOR NAME @ ST
N, fIAuATINT
SAMPLE ID. | SAMPLE | TEST ITEM TEST RESULT
NAME (UNIT) METHOD Fe Pb Cr Al Cu Si
L-309/44 D4 Wear Metal | ASTMDS5185 | 42 45 | ‘mio7 4 54 o 10 ) 64
LA-400/44 CcP1 (mg/kg) 233 6.7 46 46 79 79
LA-401/44 cP2 227 | 50 | 38 a5 | 6o | s9
LA-402/44 CP3 283 | 41 46 81 60 | 77
LA-403/44 CP4 282 | 52 | 44 56 | 56 | 69
LA-404/44 CP5 281 | 32| 4r 45 | 44 | 48
REMARK :

REPORTED BY : AC

74
APPROVED BY : MU 7

(Senior Researcher)

DATE OF ISSUE :  CT/'/s Joe/
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CERT NO.

REFERENCE NO.

SAMPLING DATE

SAMPLE CONDITION

SAMPLE FROM

CERTIFICATE OF ANALYSIS
: FLA-L113/44 PAGE S
: 632-635/44 NO. OF SAMPLE REPORTED : 4

- Good
© NMABTIAAINTTHIATAINA

U, AMBAUATUNT

RECEIVED DATE 1 1211/44
ANALYSIS DATE 1 13-19/11/44
OPERATOR NAME : 8T

SAMPLE ID. | SAMPLE | TEST ITEM TEST RESULT
NAME (UNIT) METHOD Fo | Pb |er i | cu { s
LA-475/44 CP6 | WearMetal | ASTMDS185 | 241 | 40 | 41 | 48 | 34 | 60
LA-476/44 CP7 (mg/kg) odat| el aeed| ol as o [een
LA-477/44 cP8 266 | 181 33 | 51 | 21 | s8
LA-478/44 | OLDP75 2 | o8 a8 | 79 ] a0 "1

REPORTED BY : AC

APPROVED BY : M m——-“'

(Specialist)

DATE OF ISSUE : $1[11faa



PTT RESEARCH AND TECHNOLOGY INSTITUTE
PTT PUBLIC COMPANY LIMITED

Department : Fuels & Lubricants Research

155

71 Moo2 Phahonyothin Rd., Wangnoi, Ayutthaya Tel. : (035)723066-124 Ext. 2413 Fax.: (035)723048 Ext. 2236

CERTIFICATE OF ANALYSIS

CERT NO. . FLA-L102/44 PAGE S 1/4
REFERENCE NO.  : 464-472/44 NO. OF SAMPLE REPORTED : 9
SAMPLING DATE - RECEIVED DATE  : 18/09/44
SAMPLE CONDITION : Good ANALYSIS DATE  05/10/44
SAMPLE FROM . MAFTAAINIIUAENG  OPERATOR NAME  : JA

. AIAUATUNS

SAMPLE ID. | SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT

LA-386/44 D1 Viscosity at 100°C (cS) ASTM D 445 14.93

LA-387/44 D2 " 14.82

LA-388/44 D3 & 14.79

LA-389/44 D5 " 14.67

LA-390/44 oP1 14.98

LA-391/44 oP2 14.93

LA-292/44 oP3 : 15.42

LA-393/44 oPa “ 15.43

LA-394/44 oPs 15.28
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CERTIFICATE OF ANALYSIS

CERT NO. : FLA-L103/44 PAGE o]

REFERENCE NO. : 478-483/44 NO. OF SAMPLE REPORTED : 6

SAMPLING DATE ;- RECEIVED DATE : 24/09/44

SAMPLE CONDITION : Good ANALYSIS DATE : 08/10/44

SAMPLE FROM . PPRTARANTATRING OPERATOR NAME  : JA

N, AURUATUNT
SAMPLE ID. | SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT

LA-399/44 D4 Viscosity at 100 °C (cSt) ASTM D 445 14.74
LA400/44 cP1 “ : 15.51
LA-401/44 cP2 C 2 16.11
LA-402/44 cP3 B 16.33
LA-403/44 CP4 16.47
LA-404/44 cP5 : - 16.25
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CERTIFICATE OF ANALYSIS

CERT NO. : FLA-L109/44 PAGE s |
REFERENCE NO. . 601-611/44 NO. OF SAMPLE REPORTED : 11
SAMPLING DATE - RECEIVED DATE 1 29/10/44
SAMPLE CONDITION : Good ANALYSIS DATE : 05-07/11/44
SAMPLE FROM s n’mﬁ"im?lmnﬁ"ma?:ﬂma OPERATOR NAME 1 SAT
U, asrauATung
SAMPLE ID. | SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
LA-457(44 D6 Viscosity at 100 °C (¢St) ASTM D 445 15.36
LA-458/44 D7 15.11
LA-450/44 D8 2 15.09
LA-460/44 D9 g 15.12
LA-461/44 D10 g 15.34
LA-462/44 OP6 s 15.73
LA-463/44 OP7 3 15.64
LA-464/44 OP8 15.54
LA-465/44 OP9 % " 15.40
LA-466/44 OP10 o 15.32
LA-467/44 V-120 14,73
LA-457/44 D6 TBN (mgKOH/g) ASTM D 2896 485
TAN (mgKOH/g) ASTM D 664 1.69
LA-458/44 07 TBN (mgKOH/g) 485
TAN (mgKOH/g) 1.67
LA-459/44 D8 TBN (mgKOH/g) 4,95
TAN (mgKOH/g) 1.70
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CERTIFICATE OF ANALYSIS
CERT NO. : FLA-L102/44 PAGE 1 2/4
REFERENCE NO. : 464-472/44 NO. OF SAMPLE REPORTED : 9
SAMPLING DATE i RECEIVED DATE 1 18/09/44
SAMPLE CONDITION : Good ANALYSIS DATE : 04/10/44
SAMPLE FROM . mdTArnTauAtans  OPERATOR NAME  : SC
N, fIIRUATUNT
SAMPLE ID. SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
LA-386/44 D1 TBN (mgKOH/g) ASTM D 2896 476
: TAN (mgKOH/g) ASTM D 664 1.67
LA-387/44 D2 TBN (mgKOH/g) 4.69
TAN {mgKOH/g) 1.67
LA-388/44 D3 TBN (mgKOH/g) 4.66
TAN {mgKQH/g) 1.67
LA-389/44 D5 TBN (mgKOH/g) 4.77
TAN (mgKOH/qg) 1.64
REMARK : TBN = Total Base Number, TAN = Total Acid Number

THIS CERTIFICATE OF ANALYSIS IS REFERRED TO ONLY SUBMITTED SAMPLE(S) . [T IS YOUR RESPONSIBLE TO USE HEREIN RESULTS
IN ANY PURPOSES. EXCEPT IN FULL , THIS CERTIFICATE SHALL NOT BE REPRODUCED WITHOUT THE WRITTEN APPROVAL OF THE
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CERTIFICATE OF ANALYSIS

CERT NO. : FLA-L102/44 PAGE : 34
REFERENCE NO. 1 464-472/44 NO. OF SAMPLE REPORTED : 9
SAMPLING DATE S RECEIVED DATE
SAMPLE CONDITION : Good ANALYSIS DATE 1 05/10/44
SAMPLE FROM : maﬁmﬁmnﬂum‘éﬂqna OPERATOR NAME : §C
W, AIIRTUATUNT
SAMPLE iD. | SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
LA-390/44 OP1 TBN (mgKOH/g) ASTM D 28396 4.89
x TAN (mgKQOH/g) ASTM D 664 1.60
(A-391/44 oP2 TEBN (mgKOH/g) 493
TAN {mgKOH/g) 1.69
LA-392/44 OP3 TBN (mgKOH/g) 491
TAN (mgKOH/g) 1.85
LA-393/44 OP4 TBN {mgKOH/g) 492
TAN (mgKOH/g) 1.86
LA-394/44 OP5 TBN (mgKOH/g) 5.06
TAN (mgKOH/g) 1.82

REMARK

- TBN = Total Base Number, TAN = Total Acid Number
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CERTIFICATE OF ANALYSIS

CERT NO. . FLA-L103/44 PAGE ;213
REFERENCE NO.  : 478-483/44 NO. OF SAMPLE REPORTED : 6
SAMPLING DATE  : - RECEIVED DATE ~ : 24/09/44
SAMPLE CONDITION : Good ANALYSIS DATE  : 05/10/44
SAMPLE FROM . mATAmINIIIASaINe  OPERATORNAME  : SC

. SITAATUNT

SAMPLE ID. SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT

LA-399/44 D4 TBN (mgKOH/g) ASTM D 2896 464
; TAN (mgKOH/g) ASTM D 664 1.48
LA-400/44 cP1 TBN (mgKOH/g) 572
TAN (mgKOH/g) 1.75

LA-401/44 CP2 TBN (mgKOH/g) 5.65
TAN (mgKOH/g) 1.98

LA-402/44 CP3 TBN (mgKOH/g) 5.21
TAN (mgKOH/g) 1.91

LA-403/44 CP4 TBN (mgKOH/g) 459
TAN (mgKOH/g) 1.88

LA-404/44 CP5 TBN (mgKOH/g) 4.64
TAN (mgKOH/g) 1.87

REMARK

: TBN = Total Base Number, TAN = Total Acid Number
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CERTIFICATE OF ANALYSIS

CERT NO. . FLA-L109/44 PAGE 1 213
REFERENCE NO. : 601-611/44 NO. OF SAMPLE REPORTED : 11
SAMPLING DATE s RECEIVED DATE 1 29/10/44
SAMPLE CONDITION : Good ANALYSIS DATE : 05-07/11/44
SAMPLE FROM : MATRAINTRIATRING OPERATOR NAME  : SC

. fauATUNg

SAMPLE ID. SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
LA-460/44 D9 TBN (mgKOH/g) ASTM D 2896 4.93
TAN (mgKOH/g) ASTM D 664 1.69
LA-461/44 D10 TBN (mgKOH/g) 4.91
TAN (mgKOH/g) ‘ 153
LA-462/44 OP6 TBN (mgKOH/g) 5.00
TAN {mgKOH/g) 1.73
LA-463/44 OoP7 TBN {mgKOH/g) 5.01
TAN (mgKOH/g) 1.60
LA-464/44 oP8 TBN (mgKOH/g) 5.19
TAN (mgKOH/g) 1.62
LA-465/44 oP9 TBN (mgKOH/g) 504
TAN (mgKOH/g) 1.66
LA-466/44 OP10 TBN (mgKOH/g) 5.13
TAN (mgKOH/g) 1.65
LA-467/44 V-120 TBN (mgKOH/g) 4.82
TAN (mgKOH/g) 1.42

REMARK : TBN = Total Base Number, TAN = Total Acid Number
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CERTIFICATE OF ANALYSIS

CERT NO. : FLA-L113/44 PAGE ()
REFERENCE NO. : 632-635/44 NO. OF SAMPLE REPORTED : 4
SAMPLING DATE - RECEIVED DATE T 1211744
SAMPLE CONDITION : Good ANALYSIS DATE 1 13-19/11/44
SAMPLE FROM . mAlmaANITUATING  OPERATOR NAME  : SAT, SC
u. AsrRuATUNT
SAMPLE ID. | SAMPLE NAME TEST ITEM (UNIT) TEST METHOD RESULT
LA-475/44 CP6 Viscosity at 100 °C (cSt) ASTM D 445 15.93
TBN (mgKOH/g) ASTM D 2896 5.10
TAN (mgKOH/g) ASTM D 664 1.93
LA-476/44 CP7 Viscosity at 100 °C (cSt) ASTM D 445 15.27
TBN (mgKOH/g) ASTM D 2896 5.06
TAN (mgKOH/g) ASTM D 664 1.94
LA-477/44 cPs8 Viscosity at 100 °C (¢St) ASTM D 445 15.57
TBN (mgKOH/g) ASTM D 2896 472
TAN (mgKOH/g) ASTM D 664 1.96
LA-478/44 OLDP 75 Viscosity at 100 °C (cSt) ASTM D 445 15.46
TBN (mgKOH/g) ASTM D 2896 4.47
TAN (mgKOH/g) ASTM D 664 1.83

REMARK :

TBN = Total Base Number, TAN = Total Acid Number
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npa1 | na 591 nsz | nalunsly | gampineleds | YT
and) | aniin) | w3es | @leus) ity 5035 Colu303mi | adtudm
JUR i, ud) | dge | geqe | ()
(rpm)
0 2130 - [ 9800 |9 - - - "
10 2140 |2000 |0 - 166 166 -
20 AEOERE Bl (g 13.5 1,51.57 418 445 42
30 22.00 | 2194 13.4 1,52.66 416 424 59
40 2210 | 2192 13.3 1,54.01 404 433 2.0
50 2220 | 2190 13.5 1,52.73 392 417 6.0
60 9980 9187 13.7 1,51.26 410 426 6.0
70 2240 | 2187 13.7 1,51.81 411 427 0
80 {1 13.5 1,53.50 412 429 1.0
90 2300 | 2184 13.6 1,52.38 404 417 9.3
100 |23.10 |2186 13.5 1,53.33 413 419 4.8
o o3a0 o [PiRy 13.5 1,53.94 403 414 3.0
120 |23.40 |2186 13.4 1,53.65 402 437 0
130 2350  |2184 13.4 1,54.01 398 <L S
4o 2400 @ [2181 13.5 1,53.22 414 438 7.0
50 2400 @ | 2485 13.5 1,53.23 399 408 5.6
60 |2420 {2182 13.6 1,52.46 402 423 15
T T B b 13.5 1,52.93 413 433 3.0
{80 2440 | 2182 13.5 1,52.92 416 435 2.6
g5 {vaas |- 0 - - - -
190 | 2450 |2197 15.5 1,36.92 369 467 10.9
195 |0L00 |2199 13.6 1,51.66 390 403 1.0
oo | {otes | 2187 {90 2,27.47 323 332 0
ghs  {ol10 | 2199 |45 3,23.91 247 248 0
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pm | N 391 miz | nalums1y | sungineleds | U5
and) | anitn) | n3es | @oud) vy 50 38 Co) 30w | adum
oud odi, Sund) | dae | geae | o)
(rpm)

0 19.40 |1800 |0 - - - -

io: | jesp | 2000 4 - - - -
200 | 2000 | 20" (B85 1,53.65 451 460 0.9
0 | 20er {2088 G 1,54.46 442 455 0
40 20.20 2183 13:5 1.55.32 430 466 0
s0F 120302 {2180 | i8S 1,56.07 450 468 0
g0 (00" olgr {85 1,55.49 451 462 0
i [ dpse S | vas 1,54.82 453 468 0
80 2100 |2108° [i85 1,54.54 444 470 0
by | 2o | 2100 13.5 1,54.17 446 466 0
[00) | 2120 21057 B 1,55.02 439 453 0
1O 2180 [ 2160° (s 1,54.28 437 454 0
20 21t | eE 15 1,54.80 442 450 0
150" | 21550 | 9150t Bl 1,53.76 432 453 0
140 22.00 2193 13.5 1,53.85 442 448 0
i50° | 22100 (2155 [l 1,53.80 450 466 0
160° * 22305 100" |i1dle 1,53.41 434 459 0
70 2230 (2187 [184 1,55.08 424 436 0
1800 | 22400 (2196 135 1,54.22 443 454 0
185 2245 |- 0 - - - -
0. | 2250 |10 (s 1,53.46 444 403 1.5
105° | 20550 (| ogs Fol 2,29.61 315 332 0
2000 | 230000 2000 s 3,29.51 242 248 0
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nal | nm sou | ey | nalumsl¥ | euugiifwleds | dSua
and) | aniin) | ndes | @eusd) Vi 50 35 Co)lu30mn | adud
ouf i, i) [ dae | g | %)
(rpm)
0 20.10 1800 0 = = % 2
10 20.20 2000 0 = 5 % Z
20 20.30 2199 11 20570 403 414 2.9
30 20.40 2191 11 2,11.42 407 415 33
40 20.50 2198 10.8 21356 395 399 1.0
50 21.00 2193 11 2,12.46 392 399 0
60 21.10 2196 11 251251 395 410 0
70 2120 |2189 |11 2,11.39 411 420 1.2
80 21.30 2189 11 2,12.30 399 407 4.1
90 21.40 2196 11 20225 397 402 0
100 21.50 2197 10.9 2,12.72 398 404 0.5
110 22.00 2197 11 2,11.58 398 404 0
120 22.10 2196 11 2,12.10 403 409 4.0
130 22.20 2191 11.1 2,10.73 404 417 2.0
140 22.30 2199 10.9 2,12.76 394 401 0
150 22.40 2199 10.9 2,13.19 395 400 0
60 }22:s0 19200 {11 2,12.84 393 397 0
170 23.00 2195 11 2,11.90 406 414 0
180 23.10 2199 11 2,13.20 396 404 0
185 2315 = 0 = S = =
190 23.20 2197 11 2,10.70 369 467 0
195 23.25 2196 9 2,29.19 497 504 0
200 2330 2197 7 2,51.43 390 403 0
g05 2335 2200 s 2,27.90 323 332 0
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pa1 | sou | oz | nalumsly | gamgiifwleds | 1S
anf) | aniin) | mses | (loud) Wi 5088 | o) Tu 30 Sund AU
JuR and, i) | dga g | (%)
(rpm)
0 2010 | 1800 |0 - - - -
10 20.20 2000 0 = 166 166 =
on: [zomps [ d60p  |19s 1,41.15 427 467 0
30 |2040 [2200 - [136 1,44.16 439 468 2.9
40 2050 |2192 |134 1,42.92 435 441 1.5
50 [2w00  |2108 |[135 1,45.40 442 473 0
B 28w {70 - 1E 1,45.27 445 452 0
50 |igige [ 2n fTag 1,45.02 439 451 3.8
50 - [ofa0 - (28w 1S 1,44.67 436 445 8.0
g° |0 (o¥es [18 1,44.20 434 448 0
00 o150 |20 | 138 1,44.19 417 442 0
o 1200 (792 |13 1,45.16 437 448 0
B0 - |22:100 |20 |187 1,44.58 422 451 9.6
130 [2220 {2190 |13.8 1,43.81 414 438 0.5
140 22.30 2161 1359 1,43.63 440 448 0
150 22.40 2190 13.7 1,45.07 444 453 0
160 |2250 |2180 |138 1,43.68 446 456 4.0
0 (2300 (2191 | 1338 1,42.88 439 451 0
50 (2310 j2190 |138 1,43.40 405 445 0
i85 2315 |- 0 - - - -
e |23200 |Zig0 153 1,38.40 497 527 3.5
155 |2325 |[2074 |162 1,40.57 - - 10.8
e 2330 |2208 | BB 1,50.38 446 456 1.5
205 | 2335 |22000 (90 2,27.79 319 334 0
Blo (2340 | 2204 45 3,23.05 244 245 0
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na | nm ey | Az | nalumisishi gaungiimaleds | Usinw
and)) | aniiny) | nses | @oud) | ffu 5033 Colus3onn | adum
Jud of, i) | dge | qeae | )
(rpm)
0 14.00 1800 0 = = = =
10 1410 [2000 |0 - - - -
n 1428 low | 1B3s 1,42.62 468 512 2.6
3 146 (201 |3 1,41.63 506 522 8.3
40 |1440 |[2197 ¢ 1BS 1,38.54 483 519 5.0
50 1450 |22m0 | i8S 1,39.86 475 520 5.4
60 15.00 2204 133 1,40.80 486 522 10.0
e 1a510: | 2199 | 1Bs 1,39.10 492 532 5.0
8 1570 (298 {18 1,39.01 513 550 7.2
90 {1530 |2203 |13.7 1,38.51 470 543 6.0
100 |1540 |[2207 |134 1,39.73 511 541 14.6
(o | 1550 2187 |185 1,40.46 496 534 7.3
120 |1600 2197 |135 1,39.92 505 548 10.0
130 |16.10 [2192 |136 1,38.30 517 549 9.8
140 16.20 2193 1357 1,38.00 515 561 6.3
5D 1630 | 2184 | B39 1,36.05 451 525 5.8
160 |1640 |[2204 |138 1,37.05 507 541 3.9
o 1650 (200 | B2 1,37.98 508 544 4.0
izp 1780 |[zi87 |B7 1,39.27 484 533 4.6
iss 1705 |- 0 - - - -
190 |17.10 |2196 | 13.5 1,39.75 466 516 6.6
o5 (1735 (2199 |90 2,16.05 347 361 0
B0 1720 {2060 |45 3,12.72 263 265 0
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pa | nm 591 sz | nalunsly | gungiineleds | U5um
ani) | aniny | mdes | @Woud) | i s08 | (o) lusodud | atudn
oud @i, i) |dga | gque |0
(rpm)

0 18.30 1800 0 = = = 5

10 18.40 2000 0 = = = =
20 18.50 2201 11 1,58.28 400 413 1.6
30 19.00 2188 11 2,00.37 409 422 39
40 19.10 2196 11 1,58.97 413 428 35
50 19.20 2184 11 2,00.36 405 425 6.0
60 19.30 2186 11 2,01.90 407 415 1.0
70 | 1940 | 2188 11 2,02.69 397 | 409 0
80 19.50 2174 11 2,00.31 415 424 7.6
90 20.00 2184 11 2,00.51 420 434 6.0
100 20.10 2176 191 2,00.22 422 435 0.9
110 20.20 2197 11 2,01.55 409 424 0
120 [2030 |2195 11 2,01.58 400 | 425 0
130 20.40 2196 11 2,02.70 411 419 0
140 20.50 2197 10.9 2,02.50 399 410 24
150 21.00 2195 11 2,02.12 387 416 0
160 |21.10 | 2186 11.1 2,02.23 408 | 429 13
170 21.20 2184 11 2,01.22 388 419 6.3
180 21.30 2180 11 2,00.48 410 427 39
185 21.35 = 0 = 203 204 -
190 |21.40 | 2202 11 2,01.18 405 | 414 0
195 21.45 2204 9 2,17.29 360 363 0
200 21.50 2199 7 2,38.52 311 315 0
205 21.55 2199 4.5 3,12.10 264 269 0




= d'l d  w ow s d = v 9/
A1 NN W. 4.7 1ATRIOUATHE ET805 11duiauan noulaeiu

nal | nm 591 msr | nanlumsld | guugiimelede | U5
andl) | aniim) | n5es @loud) Wi 50 35 Co) w303 | adud
oua and, Jund) | dge | quae | )
(rpm)
0 19.15 | 1800 0 - - - -
10 [1925 |2000 0 - - - -
20 19.35 2201 13.6 1,37.26 535 552 3.0
30 19.45 2196 1326 1,38.87 524 539 0.3
40 1955 | 2192 13.6 1,39.31 521 531 0
50 [2005 |2193 13.5 1,42.12 509 521 0
60 [2015 |2191 13.6 1,41.80 506 519 0
T0r 005 - | 2190 13.5 1,40.95 491 519 0
80 |2035 |2190 13.5 1,41.86 510 517 0
90 |2045 |2198 13.4 1,43.81 503 522 0.2
oy ‘{2055 1219 13.5 1,42.30 509 521 0
118, 12305 790 13.6 1,42.11 512 515 0
120 - 215 < 9108 13.5 1,43.05 505 513 0
fan - 9195~ | 2ive 13.6 1,43.13 498 502 0
140 21.35 2192 13.6 1,42.69 500 506 0
150 L7145 049 13.5 1,43.84 490 498 0
160, [:20L55 - /2488 13.6 1,42.07 507 514 1.3
170 22.05 2189 13.5 1,42.37 499 511 1.0
180 }22.15% «|'oiks 13.4 1,40.36 495 524 6.2
185, [2200 |- - - - - -
190 |2225 | 2203 15.5 1,30.67 519 532 2.1
195 |2230 | 2202 13.5 1,42.84 478 485 0
200 | 2235 (9200 9.0 2,17.84 356 370 0
205 |2240 | 2199 45 3,16.81 252 256 0
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Olein palm oil at beginning

Time (min) 20 300 40 50 60 70/ 80| 90 100 110
load (Ib) 1335, 1316 1341 13.5) 13.5]i 13:6] 13.5] 13.7| 13.8| 13:7
rpm 2200] 2200 2192| 2190( 2191 2188| 2187| 2184| 2192| 2192
load (kw) 44 45| 44 44 44| 44| 44 4.5 45 45
fuel (I/hr) 1.8 1oy (0l L S ] 8 L L b o e B T el 174 s W
fuel consumption at beginning (g/kw-hr) |364.4| 351.3(362.2|351.4|351.7|350.4|354.3|351.2({347.4|346.8
thermal efficiency at beginning (%) 25.1) 26.1) 25.3] 26.1| 26.0] 26.1| 25.8| 26.1| 26.4| 264
fuel (cc) 50 501 S01 SOl 50fF S0l 50] S50[S0 50
time (min) (sec) 1 1 1 1 1 1 1 1 1 1
41.15| 44.16(42.92| 45.4|45.27/45.02|44.67| 44.2|144.19(45.16

total time (hr) 0.03] 0.03] 0.03| 0.03] 0.03| 0.03| 0.03| 0.03| 0.03 0.03
min exhaust temp at beginning ('C) 427|  439| 435 442| 44s| 439| 436| 434 417| 437
max exhaust temp at beginning (D C) 467 468| 441 473| 452 451 445| 448| 442 448
average temp at beginning (° C) 447.0| 453.5|438.0|1457.5|448.5|445.0|1440.5(441.0{429.5|442.5
density black smoke at beginning (%) 00| 29 15 00| 35 38 80 00 00 00

Diesel oil at beginning

Time (min) 20 30, 40| 50, 60| 70/ 80| 90/ 100| 110
load (1b) 13.5| 13.4| 13.3| 13.5| 13.7) 13.7| 13.5| 13.6| 13.5} 13.5
rpm 2197| 2194| 2192| 2190| 2187| 2187| 2188| 2184| 2186 2187
fuel (/hr) 1.6/ 16| 16/ 16 16/ 1.6/ 16/ 16 16 1.6
fuel consumption at beginning (g/kw-hr) | 306.2| 306.0/304.9|304.1|304.0|302.5|302.3|303.6|303.0({301.2
thermal efficiency at beginning (%) 26.5| 26.6] 26.7| 26.7| 26.7| 26.9| 26.9| 26.8| 26.8| 27.0
fuel diesel (cc) 50 501 S0l SO 50| SOl SO SOl seie SO
time (min) (sec) 1 1 1 1 1 1 1 1 1 1
51.57| 52.66|54.01|52.73{51.26|51.81| 53.5/52.38|53.33|53.94

total time (hr) 0.03| 0.03] 0.03| 0.03] 0.03] 0.03] 0.03| 0.03| 0.03| 0.03
min exhaust temp at beginning (OC) 418| 416 404) 392 410 411| 412| 404/ 413| 403
max exhaust temp at beginning ('C) 44s| 424| 433 417| 426| 427| 429| 417| 419| 414
average temp at beginning ('C) 431.5| 420[418.5/404.5| 418| 419|420.5/410.5| 416|408.5
density black smoke at beginning (%) 42| 59 20/ 6.0 60/ 00 10 93 48 3.0
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Olein palm oil at beginning
Time (min) 120 130{ 140[ 150{ 160 170 180 190 | 195 | 200 | 205
load (Ib) 13.7| 13.3( 13.9| 13.6/ 13.8| 13.8| 13.8| 4.5 9 131515155
rpm 2190 2190| 2190| 2190 2180 2191 2190{ 2200{ 2202| 2200| 2208
load (kw) 4.5 45 45 44 45 45 45 1.5 3.00 44 51
fuel (I/hr) o L 1 19 15 43 17 09l 13) L7 20
fuel consumption at beginning (g/kw-hr) |349.0|349.0|347.1|349.9(351.0|352.0| 350.4| 587.6|405.9| 352.0/354.6
thermal efficiency at beginning (%) 262 262 264 26.2| 26.1| 26.0| 26.1| 15.6( 22.6| 26.0| 258
fuel (cc) SOIE SO SOk S0l S0 5005 501 SOf - S0[ S0[ 30
time (min) (sec) 1 1 1 1 1 1 1 3 2 1 1

44.58|43.81|43.63(45.07|43.68|42.88( 43.4| 7.02|15.42|44.74| 30.1
total time (hr) 0.03| 0.03| 0.03] 0.03| 0.03| 0.03] 0.03| 0.05| 0.04| 0.03| 0.03
min exhaust temp at beginning ('C) 422 414 440| 444| 446| 439 405| 244| 319 446| 497
max exhaust temp at beginning ('C) 451| 438 448| 453| 456| 451 445 245 334| 456| 527
average temp at beginning ‘c) 436.5/1426.0/444.0|448.5|451.0|445.0{ 425.0| 244.5|326.5|451.0| 512.0
density black smoke at beginning (%) 96 0.5 00 0.0 40 00 00 0.0 00 00 0.0

Diesel oil at beginning

Time (min) 120 130| 140{ 150 160, 170 180| 190 | 195 | 200 | 205
load (Ib) 13.4) 13.4| 13.5| 13.5| 13.6| 13.5| 13.5| 4.5 9 13.6] 15.5
rpm 2186 2184 2181| 2185| 2182| 2183| 2182| 2199| 2199( 2199| 2197
fuel (I/hr) IR0 S b B [ e e e e ) R L
fuel consumption at beginning (g/kw-hr) |304.4|303.7|304.0|303.4|303.7|304.5| 304.7| 502.2( 347.2| 303.5/307.0
thermal efficiency at beginning (%) 26.7| 26.8| 26.7| 26.8| 26.8) 26.7| 26.7| 16.2| 23.4| 26.8| 26.5
fuel diesel (cc) 50150~ 501 50| S0 501" 50" 50{" S50[S0 S0
time (min) (sec) 1 1 1 1 1 1 1 3 2 1 1

53.65/54.01|53.22| 53.23(52.46( 52.93]| 52.92| 23.91{ 27 47| 51.66| 36.92
total time (hr) 0.03{ 0.03| 0.03| 0.03| 0.03] 0.03| 0.03| 0.06] 0.04] 0.03| 0.03
min exhaust temp at beginning ('C) 402| 398| 414| 399 402 413 416| 237| 319 399 467
max exhaust temp at beginning (0 C) 437| 443 438| 408| 423| 433| 435 241| 324 408 503
average temp at beginning (OC) 419.5/420.5| 426{403.5|412.5| 423|425.5/1239.0|321.5/403.5/485.0
density black smoke at beginning (%) 00 20 70 56 32 30 26 00 00 10 109
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Crude palm oil at beginning
Time (min) 201 30]° 40| 501 60| 70 80] 90| 100 110
load (Ib) 13.6) 13.6| 13.6] 13.5{13.55| 13.5| 13.5| 13.4| 13.5| 13.6
rpm 2201 2196| 2192f 2193| 2191| 2190 2190| 2198| 2192| 2191
load (kw) 4.5 45 44| 44| 44| 44| 44| 44| 44 44
fuel (I/hr) dealEeoieBIEE NER ]S Ak ARl 108} o8- Ziredl 718 gl 2 6.7

fuel consumption at beginning (g/kw-hr) |375.8]370.6|369.7|362.1|362.2| 366.8| 363.5|358.1|361.6| 359.8

thermal efficiency at beginning (%) 237 24.1| 24.1| 24.6| 24.6| 243| 24.5| 249 247 243
fuel (cc) sof 50 so sol so sof so sof so s0
time (min)  (sec) e el R T 1

37.26|38.87/39.31|142.12| 41.8/40.95| 41.86(43.81| 42.3| 42.11|-

total time (br) 0.027)0.028)0.028(0.029]0.029] 0.028| 0.029]0.029|0.029| 0.029
min exhaust temp at beginning ('C) 535\ 524 s21| 509 s06| 491 s10| 503| 509 512
max exhaust temp at beginning (OC) 552 559|45531| S SPA1 CSN9( =iS19) S 51T 52208 SSel| a5l S
average temp at beginning ‘o) 543.5|531.5|1526.0{515.0{512.5|505.0| 513.5|512.5|515.0| 513.5
density black smoke at beginning (%) 30, 03] 0.0 0.0 00 00 02 00 00 0.0
Diesel vs Crude
Time (min) 20 30 40 50 60 70| 80 90, 100 110
fuel consumption (%) -22.71 -21.1) -21.2| -19.1] -19.1}-21.2|-20.3| -18.0| -19.3| -19.4
thermal efficiency (%) 28 25 25 2.1 20| =255 | eh 208 i) e 2]
average temp (OC) -112.0] -111.5{ -107.5| -110.5| -94.5| -86.0( -93.0| -102.0| -99.0| -105.0
density black smoke (%) 12 5.6 20 6.0 6.0, 0.0/ 08 93] 48 3.0
Diesel vs Olein
Time (min) 20 30 40 50 60 70| 80 90| 100 110
fuel consumption (%) -18.9| -14.8] -18.7| -15.5| -15.6/-15.8/-17.2| -15.6|-14.6| -15.1
thermal efficiency (%) 14 0.5 14 0.7 ) 107 10 0.7] 0.5 0.6
average temp (OC) -15.5] -33.5| -19.5| -53.0| -30.5|-26.0| -20.0{ -30.5|-13.5| -34.0
density black smoke (%) 42 3.0 0.5 6.0 2.5 -3.8| -7.0 93] 48 3.0
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Crude palm oil at beginning

Time (min) 120, 130, 140 150, 160/ 170{ 180{ 190 195 200
load (Ib) 13.5| 13.6/13.55| 13.5| 13.6| 13.5] 134 4.5 S5 cs
Tpm 2192| 2190| 2192| 2192| 2189| 2189| 2183| 2202| 2200| 2199
load (kw) 44, 44| 44 44 44| 44 44 15| 3.0 44
fuel (/hr) 16 i e e e ) | W e Ty | 1 W) s B s Lo
fuel consumption at beginning (g/kw-hr) [ 359.0{356.4|358.9(356.3|360.3|361.9{372.8| 558.3{399.2| 358.6
thermal efficiency at beginning (%) 248 25.0| 24.8| 25.0| 24.8| 24.6| 23.9| 16.0] 22.3| 24.9
fuel (cc) SO EERs 0w SOl TS0 250 S0l S0 A 50 e
time (min)  (sec) sl & I e e el 08 B L T | ) e |

43.05|43.13|42.69|43.84|42.07)42.37|40.36( 16.81| 17.84| 42.84
total time (hr) 0.029]0.029|0.029|0.029| 0.029| 0.029| 0.028( 0.056| 0.039| 0.029
min exhaust termnp at beginning ‘o 505 498 500] 490| 507| 499 495 252| 356| 478
max exhaust temp at beginning ‘o) 513| 502{ 506| 498 514 511] 524| 256| 370, 485
average temp at beginning (°C) 509.0| 500.0| 503.0{494.0| 510.5| 505.0| 509.5| 254.0| 363.0| 481.5
density black smoke at beginning (%) 0.0 00/ 0.0 00 13 10 62 00 00 00

Diesel vs Crude
Time (min) 120, 130, 140| 150{ 160| 170 180, 190, 195 200
fuel consumption (%) -17.9| -17.4| -18.1| -17.4| -18.6| -18.8( -22.4] -11.2 -15.0] -18.2
thermal efficiency (%) Lol 1571 =1 19lc 3R] 201 - F2:0| - %8| 0 1 19
average temp ‘o) -89.5| -79.5| -77.0| -90.5| -98.0( -82.0| -84.0] -15.0| -41.5| -78.0
density black smoke (%) 00, 20 7.0 56 19 20 -3.6 00 00 1.0
Diesel vs Olein

Time (min) 120| 130{ 140{ 150 160 170, 180( 190/ 195 200 210
Dif fuel consumption (%) -14.6| -14.9| -14.1| -15.3| -15.6| -15.5| -15| -17|-16.9] -16/ -15.5
Dif thermal efficiency (%) 0.5/ 05| 03] 06 07 07 05 0.6 08 0.8 0.6
Dif average temp ‘o) -17.0| -5.5|-18.0{ -45.0| -38.5| -22.0{ 0.5 -5.5| -5.0| -47.5| -27.0
Dif density black smoke (%) -96 15 70/ 56/ -0.8 3.0 26 00 00 1.0 10.9
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Olein palm at S00 hr, Time (min) 20] 30, 40/ 50 60 70 80| 90[ 100[ 110
load (Ib) 13.5| 13.5| 13.5| 13.5) 13.3| 13.5| 13.6| 13.7| 13.4| 13.5
rpm 2197| 2191| 2197| 2211| 2204| 2199| 2198| 2203( 2207| 2197
fuel (I/hr) 1 18l 18 1:8] 28] 18 18 a8l 18 1.8
fuel consumption at 500 hr (g/kw-hr) |359.7|364.2(374.4]367.2/370.5|372.0,369.8|368.1/371.1| 367 .4
thermal efficiency at 500 hr (%)- 25.5) 25.1| 24.5| 249 24.7| 24.6| 248 249 24.7| 249
fuel (cc) 561 SO 501 S0l s0[ 50 50| SO S50 SO
time (min) (sec) il 1 1 1 1 1 1 1 1 1
42.62|41.63|38.54/39.86| 40.8) 39.1139.01|38.51|39.73|40.46

total time (hr) 0.03] 0.03] 0.03] 0.03] 0.03| 0.03] 0.03] 0.03| 0.03| 0.03
min exhaust termp at 500 hr ‘o) 468 506 483 475 486 492 513| 470 511 496
max exhaust temp at 500 hr ('C) 512| 522 S519| 520 S522| 532| 550| 543| 541 534
average temp at 500 hr ('C) 490.0|514.0| 501.0/497.5| 504.0| 512.0| 531.5| 506.5/ 526.0|515.0
density black smoke at 500 hr (%) 2:6f 83" 50] 54 100 S50 72 60 146 73

. Diesel oil at 500 hr

load (1b) 13.5) 1316) 1351 13:5) 13'5[ 13.5] 13'st 13.5| 13.5] 13.5
Tpm 2190| 2188| 2183| 2182| 2177| 2192| 2190( 2191| 2195| 2192
fuel (I/hr) 1.6( 26| 16| 16 Le[ 16 1.6 16| 1.6 - 16
fuel consumption at 500 hr (g/kw-hr) |301.6(297.5|298.2|296.4|298.6|298.3|299.3| 300.1| 297.3| 299.7
thermal efficiency at 500 hr (%) 26.9| 27.3| 27.3| 274| 27.2| 27.2| 27.2| 27.1| 27.3] 27.1
fuel (cc) S0l sof 561 S0f - 50| SOfF 500 SQ - S50l 50
~ |time (min) (sec) 1 1 1 1 1 1 1 1 1 1
53.65|54.46|55.32| 56.07| 55.49| 54.82| 54.54| 54.17| 55.02| 54.28

total time (hr) 0.03| 0.03] 0.03| 0.03] 0.03] 0.03] 0.03| 0.03| 0.03| 0.03
min exhaust temp at 500 hr (‘J €) 451| 442 430 450] 451| 453 444| 446| 439 437
max exhaust temp at 500 hr (0 C) 460, 455 466 468| 462| 468| 470 466 453 454
average temp at 500 hr (OC) 455.5|448.5|448.0{459.0|456.5{460.5|457.0{456.0|446.0| 445.5
density black smoke at 500 hr (%) 0.9) 00| 00f 00 00f 00 00/ 00 00 0.0
Dif fuel consumption (%) -19.3| -22.4| -25.6| -23.9| -24.1| -24.7| -23.6| -22.7| -24.8| -22.6
Dif thermal efficiency (%) BB MRl DSl DISIE- 2iG 24) 220 2.7l 2.2
Dif average temp (OC) -34.5| -65.5| -53.0| -38.5| -47.5| -51.5| -74.5| -50.5| -80.0| -69.5
Dif density black smoke (%) -1.7) -8.3| -5.0| -54|-10.0] -50f -7.2| -6.0|-14.6| -7.3
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Olein palm at 500 hr, Time (min) 120{ 130| 140 150( 160{ 170 180| 190{ 195 200
load (Ib) 135 13.6] 13.7) 13.9| 13.8] 13.7] 13.7] 4.5 9l -33L5
rpm 2197| 2192| 2193| 2184| 2204| 2201| 2197| 2200} 2199| 2196
fuel (Vhr) st B8 1 R |3 o G (e S0 KO e (0 1 [y (e 15
fuel consumption at 500 hr (g/kw-hr) |369.3|373.4|371.7|375.2|370.7| 370.4| 366.3| 570.5| 404.6| 370.1
thermal efficiency at 500 hr (%) 24.8| 24.5| 24.6| 24.4| 24.7| 24.7| 25.0| 16.1] 22.6| 24.7
fuel (cc) S0 S0 S0l 501 50/ 500  SOF  S0i SOl 50
time (min) (sec) 1 1 1 1 1 1 1 3 2 1
39.92| 38.3] 38|36.05(37.05{37.98(39.27|12.7216.05|39.75

total time (hr) 0.03] 0.03] 0.03| 0.03| 0.03] 0.03 0.03|] 0.05| 0.04| 0.03
min exhaust temp at 500 hr (0 @) 505 517 515 451 507] 508 484 263| 347 466
max exhaust temp at 500 hr (0 &) 548| 549| 561 525 541| 544| 533| 265 361 516
average temp at 500 hr (OC) 526.5|533.0]538.0|488.0( 524.0| 526.0| 508.5| 264.0| 354.0| 491.0
density black smoke at 500 hr (%) 100, 98 63 5.8 39 4.0 46 00 00/ 6.6

Diesel oil at 500 hr

load (1b) 13.5] 13.5( 13.5| 13.6] 13.6| 13.4| 13.5| 45 9 135
rpm 2195| 2192{ 2193| 2195| 2190| 2197| 2196| 2200| 2201] 2197
fuel (I/hr) 1a 16 1.6 16 16 16 L6l 00 12 1.6
fuel consumption at 500 hr (g/kw-hr) |297.9(301.0|300.7|298.3|300.0|299.1|299.3|488.6| 341.9|301.1
thermal efficiency at 500 hr (%) 27.3] 27.0] 27.0¢ 27.2) 2715 27.2| 27.2| 16.6] 23.8] 27.0
fuel (cc) SO 500 =501 50 S0 500 50 50 504 50
time (min) (sec) 1 1 1 1 1 1 1 3 2 1
54.8|53.76|53.85| 53.8/53.41|55.08|54.22(/29.51|29.61|53.46

total time (hr) 0.03] 0.03| 0.03| 0.03| 0.03| 0.03] 0.03] 0.06| 0.04 0.03
min exhaust temp at 500 hr (u C) 442| 432| 442| 450| 434| 424 448| 242| 315 444
max exhaust temp at 500 hr (OC) 450| 453| 448| 466 459| 436 454 245| 333| 451
average temp at 500 br (0 &) 446.0|442.5(445.0/458.0{446.5/430.0|451.0( 243.5|324.0|447.5
density black smoke at 500 hr (%) 00/ 0.0 00 0.0 00f 00 00 00 00f 1.0
Dif fuel consumption (%) -24.0| -24.0| -23.6| -25.8| -23.6| -23.8| -22.4| -16.8| -18.3| -22.9
Dif thermal efficiency (%) 291 2 Sk 24n - 28 24l - 24 D2 06l ]l 202
Dif average temp ('C) -80.5| -90.5 -93.0| -30.0| -77.5| -96.0| -57.5| -20.5| -30.0| -43.5
Dif density black smoke (%) -10.0| -9.8| -6.3| -5.8 -39 -4.0| 4.6 00 00 -56
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Olein palm oil at 1000 hr, Time (min) | 20, 30] 40| 50, 60| 70| 80| 90/ 100{ 110
load (Ib) T e e 0 e S T Lo D e T i e ) S | e 2
rpm 2201| 2188| 2196| 2184| 2186| 2188| 2174| 2184| 2176 2197
fuel (/hr) s o o [ R ST s Ll ) s B 1L Bl i Lo i oy i Loy
fuel consumption at 1000 hr (g/kw-hr)|382.8|375.3|381.5/376.1|371.0{368.4|377.9|375.6/|377.9(370.2
thermal efficiency at 1000 hr (%) 23.9| 244 240 24.3| 24.7| 24.9| 24.2| 244| 24.2| 24.7
fuel (cc) SOjF: - SOl -—SOIE S50/ S0iE - SO S0 =505 S0)E 50
time (min) (sec) 1 2 1 2 2 7) 2 2 2] 2
58.28 0.37|58.97| 0.36] 1.9 2.69| 0.31| 0.51| 0.22| 1.55

total time (hr) 0.03] 0.03| 0.03/ 0.03| 0.03| 0.03| 0.03] 0.03] 0.03| 0.03
min exhaust temp at 1000 hr ‘o) 400[ 409| 413| 405 407) 397| 415 420, 422| 409
max exhaust temp at 1000 hr ‘o) 413| 422 428| 425 415 409 424| 434| 435 424
average temp at 1000 hr ‘c) 406.5|415.5|1420.5/415.0{411.0{403.0{419.5|427.0{428.5|416.5
density black smoke at 1000 hr (%) 1i6= 3018 3918 610[F  1:0[E 0101 7:6]F 60 0:0{F .0l0

Diesel oil at 1000 hr

load (Ib) pilc w10l Al aals mlE o gali ool gt
rpm 2199| 2191 2198| 2193| 2196( 2189| 2189| 2196| 2197| 2197
fuel (I/hr) 14 14 13| 14/ 14| 14| 14/ 14 14 14
fuel consumption at 1000 hr (g/kw-hr)|318.1{320.0{319.6{317.2|316.6{320.3{318.1|317.0{318.9|318.7
thermal efficiency at 1000 hr (%) 25.5| 25.4| 254| 25.6] 25.7| 254 25.5| 25.6| 25.5| 25.5
fuel (cc) S0[C - S0 SO S50[E SOIE - S50[E S50 S50f SO 50
time (min) (sec) 2 2 2 2 2 2 2 2 2 2
11.7)11.42113.56/12.46{12.51|11.39] 12.3|12.35]12.72{11.58

total time (hr) 0.04| 0.04] 0.04| 0.04| 0.04| 0.04{ 0.04{ 0.04| 0.04] 0.04
min exhaust temp at 1000 hr (c) 403 407 395 392 395 411} 399 397/ 398 398
max exhaust temp at 1000 hr ‘o) 414 415 399| 399 410 420, 407| 402| 404 404
average temp at 1000 hr (OC) 408.5/411.0{397.0|395.5(402.5|415.5|403.0{399.5|401.0|401.0
density black smoke at 1000 hr (%) 42 59 20/ 60 60 00 10/ 93 48 30
Dif fuel consumption (%) 203| 17.3] 193] 18.6] 17.2| 150/ 18.8| 18.5| 18.5| 16.2
Dif thermal efficiency (%) -1.6 -10| -14{ -1.3] -1.0] -0.5] -1.3] -1.3| -13| -0.8
Dif average temp Co) 2R aesED3TS1E 10151 AR5 =12:51A6:5] - 27.5| 275 15.5
Dif density black smoke (%) 26 271 121 00 -5.00 00/ 6.6 -33] 51 -3.0
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Olein palm oil at 1000 hr, Time (min) | 120{ 130{ 140| 150{ 160 170 180| 190 195 200 205
load (Ib) 11 1 ] s KOO b b R e s 1 | e 1 i/ L e 1
rpm 2195| 2196 2197| 2195| 2186 2184| 2180| 2202( 2204| 2199 2199
fuel (Vhr) LG e L e 2 | Ty [ ey i o (o [ e T B 0 | R 1] e 1.
fuel consumption at1000 hr (g/kW-hr)|370.5/367.0|370.8| 368.9|369.7| 373.4| 376.4| 571.8| 446 4| 401.0/ 371.0
thermal efficiency at 1000 hr (%) 247 25.0| 24.7| 24.8| 248 245 243| 16.0| 20.5| 22.8| 24.7
fuel (cc) S0l SsOie 50l - S0 = S0l 50 S50l 5ol sal. sl 50
time (min) (sec) 2 2 2 2 2 2 2 3 2 2 2
1.58) 271 2.5 212 1.23| 1.22| 048] 12.1{38.52/17.29| 1.18
total time (hr) 0.03] 0.03| 0.03| 0.03] 0.03] 0.03| 0.03| 0.05] 0.04| 0.04] 0.03
min exhaust temp at 1000 hr (GC) 400\ 411f 399 387 408 388| 410 264| 311| 360{ 405
max exhaust temp at 1000 hr (OC) 425 419 410| 416| 429] 419/ 427| 269, 315 363 414
average temp at 1000 hr(OC) 412.5(415.0{404.5|401.5{418.5/403.5/418.5| 266.5|313.0{361.5/409.5
density black smoke at 1000 hr (%) 00 00 24 00 13| 6.3 39 00 00 00 0.0
Diesel oil at 1000 hr
load (Ib) 11} 11.1| 109 109 11 11 1 g s 7 9 11
rpm 2196| 2191| 2199 2199| 2200/ 2195| 2199| 2200| 2197| 2196| 2197
fuel (I/hr) ral 14 i 14 14 14] 1.4 .09 10/ 1.2 14
fuel consumption at 1000 hr (g/kw-hr)|317.6/318.7/318.5|317.4{315.2{ 318.2| 314.5|492.4|384.4| 343.7/ 320.8
thermal efficiency at 1000 hr (%) 25.6| 25.5| 25.5| 25.6| 25.8| 25.5| 25.8| 16.5| 21.1| 23.6| 25.3
fuel (cc) 50 50 50 SOl - 50 - -50]° - =50(= 750 50, 50 50
time (min) (sec) 2 2 2 2 2 2 2 3 2 2 2
12.1{10.73|12.76] 13.19|12.84 11.9] 13.2| 27.9/51.43(29.19| 10.7
total time (hr) 0.04) 0.04) 0.04{ 0.04/ 0.04] 0.04] 0.04| 0.06| 0.05| 0.04| 0.04
min exhaust temp at 1000 hr (OC) 403| 404 394 395| 393| 406 396 257, 301 336 385
max exhaust ternp at 1000 hr (D (6)) 409 417| 401| 400{ 397| 414| 404 274 322 354 403
average temp at 1000 hr (OC) 406.0{410.5|397.5/397.5/395.0| 410.0{400.0| 265.5|311.5/ 345.0/394.0
density black smoke at 1000 hr (%) 00/ 20 7.0 5.6 32/ 30 26 00 00 00 00
Dif fuel consumption (%) 16.7| 15.1) 16.4| 16.2| 173 174 19.7| 16.1| 16.1| 16.7| 15.6
Dif thermal efficiency (%) -0.9] -0.5 -0.8| -0.8 -1.0f -1.0f -1.5 -0.5| -0.6| -0.8 -0.6
Dif average temp (°C) 6.5 45 7.0 40 235 -65 185 10 15| 165| 155
Dif density black smoke (%) 00| -2.0 -4.6f -56/ -1.9 33 13 00 00 00 .00
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nanlumsldanu favnunos WEnah
G £ L o | Yyminns
Junaouil (UInn) Nuihawn
< - ~ - ¢ T
134 [GER] 13y (GER] 1w (ans)
17 WA, 44 08.45 16.00 0011.0 0012.0 (v
18 WA, 44 08.40 12.00 0012.0 0012.5
19 19, 44 09.00 18.00 0012.5 0013.5
20 WA, 44 09.00 16.00 0013.5 0014.2
21 WA 44 09.00 10.00 0014.2 0014.3 6
22 WA, 44 09.00 14.00 0014.3 0014.9 AnuIn
23 WA, 44 09.00 17.50 0014.9 0015.9 AR
24 WA, 44 09.00 10.00 0015.9 0016.1
13.00 14.30 0016.1 0016.3
16.30 18.35 0016.3 0016.6
25 WA 44 09.00 10.00 0016.6 0016.9 4
13.00 14.00 0016.9 0017.1
16.30 17.00 0017.1 0017.2
27 WA 44 09.00 10.20 0017.2 0017.8
15.00 15.30 0017.8 0017.9
28 WR. 44 09.00 10.00 0017.9 0018.2 AN
12.00 14.30 0018.2 0018.5
29 WA 44 09.00 10.30 0018.5 0019.0
13.00 14.40 0019.0 0019.4
30 WA. 44 09.00 11.20 0019.4 0019.7 Anun
13.00 14.40 0019.7 0020.0
31 WA, 44 09.00 11.20 0020.0 0020.4 2
12.30 16.30 0020.4 0021.3
11y, 44 09.00 11.30 00213 0021.6 )
13.00 18.45 0021.6 0022.4
3 10, 44 14.00 16.00 0022.4 0022.8
4 1jy. 44 08.30 11.00 0022.8 00230 4
13.00 15.30 00230 0023.6
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AN W5 Jeyaundiuvesmsnadeuldnuasessudsa ET1101 (d0)

nalumsldanu AU Wnaih
a . 2 | Yamims
Mnaoufil (un) Yuithaun
- - c._ - e oo
13y IGER] 134 (39 1Y ([ng)
5 b, 44 08.00 11.00 0023.6 0023.9
13.00 15.30 0023.9 0024.5
6 lu. 44 09.00 10.30 0024.5 0024.7
13.00 14.30 0024.7 0025.2
7 iy 44 09.00 16.30 0025.2 0025.9
13.30 18.00 0025.9 0026.1
8 11y, 44 09.00 11.30 0026.1 0026.9 4
13.00 15.40 0026.6 0026.9
16.30 18.50 0026.9 0027.4
9 iit. 44 10.00 12.00 0027.4 0027.9
13.00 15.00 0027.9 0028.5
10 iiv. 44 15.30 17.00 0028.5 0029.2
11 ie. 44 09.00 11.00 0029.2 0029.8 2
14.00 16.00 0029.8 0030.1
12 iy, 44 09.00 13.00 0030.1 0030.4
13 iy, 44 09.00 15.00 0030.4 0030.9
14 1v. 44 09.00 11.00 0030.9 0031.7
13.30 16.00 0031.7 0032.0
15 v, 44 09.00 15.00 0032.0 0032.7
15.00 18.00 0032.7 0032.9
16 1jv. 44 15.00 18.30 0032.9 0033.8
18 iy 44 09.00 15.30 0033.8 0035.3 6
19 3g. 44 09.00 16.00 0035.3 0036.2
20 1. 44 09.00 16.00 0036.2 0037.0
22 fiu. 44 09.00 16.00 0037.0 0037.6 (AN
39U 26.6 $2 T4 30 ans
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u‘lu']iluﬂqﬂﬂ'lﬁﬂg{@\iﬂ—iiﬂﬂﬂﬂﬂ NATDUAIY bomb calorimeter

H 1 9/ 2 =, s as y ] cy
(317 W. 6.3) AmAiian13 19 bomb calorimeter WITNINATOV TAsdauvilaai vni

@

€

v
af al

1 S a 1 91 :’ v 9 1 9 ::
HAWWYNUTIFIUTTUD Tﬂﬂiﬁaﬂuﬂizmy‘ﬁgmmﬂumngmmms@u IMNMUU

=

o $ 9/ 9 LY :’ W ' Y o oy
um‘ltwﬂu bomb calorimeter ﬂ’nmﬂuwhlﬂmﬂmitmulﬂnumui]xmﬂmiﬁﬂuu1

v
ay A

= = = Y : = d? o 1 oy ) 1 b4
ﬂill']ﬂﬁ 1,500 sy miwumqmwgmwumu HIATUIMUNUAZATAITUIBDUUDN
o o EY ¥ EY

o -7 o s s 1 o s o =) o { C; d? Q
NIZATH, HTHUNUIUUAIDYN, HTHUNU LLﬁ&’QﬁHﬁQN%@QH’I‘ﬁLWN’Uu WIATUIUHN
' Y ' ¥ iy gt ¥ Y
Arnudeu awaunis anndeoun lannvedlu cave udas v Mikg 14

Taorihia1h 1A31115A0 4.1868 x 10e-3 (1 Cal/g = 4.1868 x 10e-3 MJ/kg)

HHV = (W+w)C t-m HHV _ )/m,

\ = hwiinveriuyidy 1,500 N5u

w = f:mﬁﬂamgamamfnmqﬂﬂmfmﬂ“luuanﬁ
AU 335.4 NSU

€ — AT NIz YR WA 1 Cal/g’C

t = mmumdwqmwgﬁmmﬁnﬂu e

m, = vhminvesnszamiiuniy

m = ywinens dunduy

HHV = 3,600 Cal/g
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‘g‘ﬂﬁ W.6.3 bomb calorimeter
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