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WORK ASSIGNMENT NO. 5 

VEHICLE EMISSIONS FROM ALTERNATE DIESEL FUELS 

Scope of Work 

Objective; The area of transportation fuels is currently a very dynamic 

area. There are some problems with the long term outlook for conventional 

petroleum supplies and for this reason alternate sources of transportation 

fuels are actively being sought. However, most research into this area is 

being done in the area of processes and not in end-use emissions. 

I= is therefore one objective of this work to operate a light duty vehicle 

on three alternate source fuels and analyze its emissions for a variety of 

pollutants. The vehicle to be used will be the same Volkswagen previously 

tested on which a complete baseline exists. 

The second and most important objective of this work is to analyze statisti- 

caliy the fuels data obtained. The data derived from the first part of this 

task will be combined with that derived previously from the use of different 

alternate source fuels in the same vehicle (the VW). The combined data will 

then be statistically analyzed to detect trends in emissious as a function 

of fuel properties. The data will be compared to data taken from vehicles 

operated on petroleum based fuels. This comparison will be made to see if 

the changes observed in the emissions from the vehicle operated with 

alternate source fuels are significantly different from the changes one 

would expeat based on the knowledge derived from this previous work on 

petroleum fuels. 

Task I - Obtain Representative Fuels 

The contractor shall obtain test quantities of up to three suitable fuels in 

accordance with the Project Officers technical direction. It is expected 

that EPA shall do much of the initial work to locate suitable fuels, but the 

contractor should be prepared to follow-up the acquisition efforts with re- 

gards to shipping and receiving the candidate fuels. Also, the contractor 

should be prepared to expend effort toward contacting potential sources of 

alternate fuels upon the direction of the Project Officer. 
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APPENDIX B 

TEST VEHICLE BASELINE CHECK 



CFTP - VEHICLE EMISSIONS RESULTS ~VW CHECKOUT 

TEST NO. 329X01 RUN I 
VEIIICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( gO. CID) L-4 
TRANSMISSION M4 

BAROMETER 746,25 MM HG(29.38 IN 140) 
RELATIVE HUMIDITY 54. PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

I 0  
I 

I J  

BLOWER DIF P MM, H20 ( IN .  H20) 
BLOWER INLET P MM. H 2 0 ( I N ,  H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
002 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
TI4C CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCSNTRATION PCT 
NOX CONCENTRATION PPM 
FILTER WT. MO (EFFICIENCY, %) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 

THC GRAMS/KM 
CO GRAMS/KM 
C02 GRAMS/KM 
NOX GRAMS/KM 
FUEL CONSUMPTION BY CB L/IOOKM 

RUN TIME SECONDS 
MEASURED DISTANCE KM 
SCF, DRY 

DFC, WET (DRY) 
TOT VOL (SCM) / SAM BLR (SCM) 
KM (MEASURED) 
FUEL CONSUMPTION L/IOOKM 

30MPOSITE RESULTS 
TEST NUMBER 329X01 
BAROMETER MM HG 746.3 
HUMIDITY G/KG 9 .5  
TEMPERATURE DEG C 22.8 

PROJECT 05-6619~005 

VEHICLE NO.I 
DATE II/ 3/82 
BAG CART NO. I / CVS NO. 17 
DYNO NO. 2 

DRY BULB TEMP. 22 .8  DEG C(73 .0  BEG F) 
ABS. HUMIDITY 9 .5  GM/I<G 

TEST WEIGHT 1021. KG( 2250.  LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7 .3  liP) 
DIESEL EM~329~F 
ODOMETER 4535. KM( 2818. MILES) 

NOX HUMIDITY CORRECTION FACTOR .96 

I 2 3 4 
COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED 

914.4  ( 3 6 . 0 )  914.4 ( 3 6 . 0 )  
889 .0  ( 3 5 . 0 )  889.0  ( 3 5 , 0 )  

40.6  ( 1 0 5 . 0 )  45 .0  ( 1 1 3 . 0 )  
4989. 8574. 

147.0 ( 5 1 9 2 . )  250 . I  ( 8 8 3 3 . )  
3 1 . 4 / 1 1 /  31 .  1 1 . 4 / I I /  I I ,  

3 . 0 /  I /  3 .  2 . 9 /  1 /  3 .  
4 9 . 4 / 1 3 /  47. 2 0 , 3 / 1 3 /  18. 

• 9 / 1 3 /  1. 1 . 2 / 1 3 /  1, 
5 9 . 4 / 1 1 /  .4888 6 3 . 1 / 1 2 /  .2567 

7 . 3 / 1 l /  ,0437 I 1 . 8 / 1 2 /  .0400 
1 5 , 1 /  2 /  15.1 1 0 . 2 /  2 /  10 .2  

• 4 /  2 /  ,4 . 4 /  2 /  .4 
2 6 . 3 3  50.35 

2 9 .  9 .  
45. 17. 
• 4467 .2174 
14.7 9.8 

5.700 (99.) 1.997 (96.) 
2.44 I ,24 
7.62 4.96 

1202.6 995.8 
3 .98  4 .51  
2.53 1.33 

914.4 (36.0) 914.4 (36.0) 
889.0 (35.0) 889.0 (35.0) 
38.3 (I01,0) 37.8 (I00.0) 

4987. 8574. 
147.8 ( 5 2 1 8 . )  254.4  ( 8 9 8 4 . )  
2 6 . 3 / 1 1 /  26. 1 1 . 7 / I I /  12. 

2 . 9 /  1/  3. 2 . 8 /  I /  3. 
4 3 . 6 1 1 3 /  41. 20 .91131 19. 

. 4 / 1 3 /  O. , 6 / 1 3 /  1. 
8 2 . 9 / 1 2 /  .3611 6 1 . 4 / 1 2 /  .2483 
1 1 . 9 / 1 2 /  .0404 1 1 . 5 / 1 2 /  .0389 
1 4 . 4 /  2 /  14 .4  1 0 , 1 /  2 /  10 . I  

• 4 /  2 I  .4 . 3 /  2 I  .3 
35 .54  52 .00  

23. 9. 
39. 18. 

• 3219 .2101 
14.0 9 .8  

2 .786 ( 9 8 . )  1.911 ( 9 7 . )  
2 .02  1 .33  
6 .78  5 .36  

871.1 978.9  
3.81  4 .59  
1 .89 1 .32  

.42 .20  .35 ,21 
1 .32 .80  1.17 .85 

208.6  160.0 150.1 155.8 
• 69 .72 .66 .73  

8 .06  6 .15  5 .82  6 .00  

504. 867. 
5 . 8 0  6 ,28  
• 979 .980 .980 

• 9 7 7 ( . 9 6 1 )  
4 0 2 . 2 /  78 .12  

12.09 
5.91 

505. 867.  
5 .77  6 .22  
• 978 .979 .980 

• 9 7 3 ( , 9 5 7 )  
3 9 7 . 2 /  78.15 

11 .99  
7 .07  

CARBON DIOXIDE G/KM 
FUEL CONSUMPTION L/IOOKM 
HYDROCARBONS (THC) G/KM 
CARBON MONOXIDE G/KM 
OXIDES OF NITROGEN G/KM 
PARTICULATES G/KM 

3~BAG 
167.3 

6 .45  
.29 

1 .01  
.70  

.29 !  

( 4 '-' BAG ) 
( 1 6 6 . 1 )  
( 6 . 4 1 )  
( . 2 9 )  
( I . 0 2 )  
( . 7 0 )  
( . 2 9 0 )  



TEST NO. 329X02 RUN 2 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( go. OID) L~4 
TRANSMISSION M4 

BAROMETER 752.60 MM N0(29.63 IN HG) 
RELATIVE HUMIDITY 82. POT 
BAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20(IN.  H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DES. C(DEO. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKORD METER/RANOE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANOE/PPM 
002 SAMPLE METER/RANGE/POT 
002 BCKGRD METER/RANGE/POT 
NOX SAMPLE METER/RANGE/PPM 
NOX BOKORD METER/RANOE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 

I 002 CONOENTRATION POT w 
NOX CONCENTRATION PPM 
FILTER WT. MO (EFFICIENCY, %) 
THC MASS ORAMS 
CO MASS ORAMS 
002 MASS GRAMS 
NOX MASS ORAMS 
PARTICULATE MASS ORAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SOM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM NO 
HUMIDITY, O/l<O 
TEMPERATURE, DES C 
CARBON DIOXIDE, O/KM 
FUEL CONSUMPTION, L/IDOKM 

NYDROOARBONS, (THO) G/I<M 
OARBON MONOXIDE, O/KM 
OXIDES OF NITROOEN, G/KM 
PARTIOULATES, O/KM 

~505 ~ VEHICLE EMISSIONS RESULTS ~VW CHECKOUT 
PROJECT 05~6619~005 

VEHICLE NO.1 
DATE 11/ 4/82 
BA~ CART NO. 1 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP. 23.3 DES C(74.0  DEG F) 
ABS. HUMIDITY 15.0 OM/KG 

0505 

914.4 (36 .0)  
889.0 (35.0)  

39.4 (103.0)  
4994. 

150.0 (5295.) 
25.9/1 I /  26. 

4 . 1 /  1/  4. 
4 6 . 9 / 1 3 /  44. 

5 . 9 / 1 5 /  5. 
9 0 . 9 / 1 2 /  . 4082 
1 2 . 8 / I  2 /  .0436 
1 5 . 9 /  2 /  15.9 

• 7/ 21 .7 
51.49 
22. 
38. 

.5660 
15.2 

2.906 (98.) 
1.92 
6.55 

I004.9 
5.08 
1.92 

505. 
• 968 (.943) 

1,000 ( .969) 
150.0 
29.94 
5.75 

529X02 
752.6 

15.0 
23.3  

174.8 
6.75 

,33 
1.14 

.88 

.334 

TEST WEIGHT 1021. KS( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EMZ329aF 
ODOMETER 4561. KM( 2834. MILES) 

NOX I IUMIDITY CORRECTION FACTOR 1.16 



APPENDIX C 

GASEOUS AND PAI~ICULATE EMISSION RESULTS 



TEST NO, 527F01 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. OlD) L-4 
TRANSMISSION M4 

BAROMETER 745.74 MM HG(29,36 IN HG) 
RELATIVE HUMIDITY 59. POT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

I 

BLOWER DIF P MM, H20(IN. H2O) 
BLOWER INLET P MM. H20(IN, H20) 
BLOWER INLET TEMP. DEG, C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. OU, METRES(SCF) 
THO SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/POT 
C02 BCKGRD METER/RANGE/POT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT, MG (EFFICIENOYp ~) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 

THC GRAMS/KM 
CO ORAMSIKM 
C02 GRAMS/KM 
NOX BRANSIKM 
FUEL CONSUMPTION BY CB L/IOOKM 

RUN TIME SECONDS 
MEASURED DISTANCE KM 
SCF, DRY 

DFC, WET (DRY) 
TOT VOL (SCM) / SAM BLR (SCM) 
KM (MEASURED) 
FUEL CONSUMPTION L/IOOKM 

COMPOSITE RESULTS 
TEST NUMBER 527F01 
BAROMETER MM HG 745.7 
HUMIDITY G/KG 11.6 
TEMPERATURE DEG C 24.4 

FTP - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.I 
DATE 111 91B2 
BAG CART NO. I I CVS NO. 17 
DYNO NO. 2 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-527-F 
ODOMETER 4625, KM( 2874. MILES) 

DRY BULB TEMP, 24.4 DEG 0 ( 7 6 . 0  DEO F) 
ABS, HUMIDITY 11.6 GM/KG NOX HUMIDITY CORRECTION FACTOR 1.03 

I 2 3 4 
COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED 

914.4 (36.0) 914.4 (36.0) 
889.0 (35.0) 889.0 (35.0) 
34.4 ( 94.0) 35,0 ( 95.0) 

4992. 8572. 
149,6 ( 5282.) 256,5 ( 9058,) 
3 6 . 1 / 1 1 /  3 6 ,  14.11111 14, 

6 . 0 /  I I  6, 5 . 8 /  1/ 6. 
5 1 . 5 / 1 3 /  49, 2 2 . 7 / 1 3 /  21. 
2.5 /13/  2. 2 . 3 / 1 3 /  2.  

9 1 . 3 / 1 2 /  .4106 62.5/12/  .2527 
12 .9 /12 /  ,0439 15,0112/ .0445 
14 .0 /  2 /  14.0 9 . 0 /  2 /  9 .0  

1 .3 /  21 1,3 . 9 /  2 /  ,9 
31.10 50.87 

3 0 .  8 .  
45. 18. 

. 3 6 8 1  .2093 
12.7 8.1 

2.611 (98 , )  1.578 (99 . )  
2 .64 1.26 
7.88 5.44 

1008.2 983.0 
3 .75  4 .10 
1.81 1.06 

914.4 (36.0) 914.4 (36.0) 
889.0 (35.0) 889.0 (35.0) 
36.1 (97.0) 57.2 (99.0) 

4990, 8576, 
148.9 ( 5 2 5 8 . )  255.3 (9013,) 
3 1 . 9 / 1 1 /  32, 13 .4 /11 /  13. 

5 . 8 /  1/ 6. 5 . 4 /  1/ 5. 
4 5 , 8 / 1 3 /  43, 2 1 . 5 / 1 3 /  20, 

1 . 8 / 1 3 /  2. 2 . 3 / 1 3 /  2. 
8 2 . 8 / 1 2 /  .3606 6 1 . 1 / 1 2 /  .2469 
13 .0 /12 /  .0443 12 .9 /12 /  .0439 
13 .1 /  2 /  15.1 9 . 0 /  2 /  9.0 

. 7 /  2 /  .7 , 7 /  2 /  .7 
35.41 52.09 

26. 8. 
40. 17. 

.3175 .2038 
12.4 8 .3  

1,988 (99 . )  1,470 (97 . )  
2.28 1.21 
6.98 5.09 

865,8 952,3 
5.64 4.18 
1.35 .98 

,46 .20 ,39 ,19 
1.36 ,87 1,21 ,82 

174.6 156.6 149.8 152.5 
.65  .65 .63 ,67 

7.06 6.28 6.06 6.12 

505. 868. 
5.77 6,28 
,977 ,978 ,978 

. 9 7 6 ( , 9 5 7 )  
406 .1 /  78.17 

12.05 
6,66 

505. 868, 
5.78 6,24 
,977 ,978 ,978 

, 9 7 7 ( ° 9 5 9 )  
404 .2 /  78.14 

12.03 
6.09 

3-BAG 
OARBON D I OX I DE G/KM 158,5 
FUEL CONSUMPTION L/IOOKM 6.38 
HYDROCARBONS (THO) G/KM .31 
CARBON MONOXIDE G/I(M 1.06 
OXIDES OF NITROGEN G/KM ,65 
PART I CULATES G/KM , 216 

(4-BAG) 
( 1 5 7 , 2 )  
( 6.33) 
( .30)  
( 1.05) 
( .65)  
( . 2 1 3 )  



TEST NO. 527H02 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. CID) L-4 
TRANSMISSION M4 

C~ ~|" 
L,J 

BAROMETER 745.49 MM HG(29.35 IN HG) 
RELATIVE HUMIDITY 56. POT 
BAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THO BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER~RANGE/POT 
002 BOKGRD METER/RANGE/POT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THO CONCENTRATION PPM 
CO CONCENTRATION PPM 
002 OONOENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THC MASS GRAMS 
CO MASS GRAMS 
002 MASS GRAMS 
NO)( MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCF, WET (DRY) 
VOL (GEM) 
SAM BLR (SCM) 
I<M (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
ltUMIDITY, G/KG 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONS, (THO) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KM 
PARTICULATES, G/KM 

HFET - VEIIICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.I 
DATE 111 9182 
BAG CART NO. I 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP. 25.0 DEG 0 ( 7 7 . 0  DEG F) 
ADS. HUMIDITY 11.3 GM/KG 

HFET 

927.1 (36.5)  
889.0 (35.0)  

38.3 (101.0)  
7560. 

223.6 ( 7 8 9 5 . )  
3 4 . 0 / 1 1 /  34. 

5 .2 /  11 5. 
8 3 . 0 / 1 3 /  83. 

1.6113/ 1. 
6 6 . 7 / 1 1 /  .5724 

7 . 4 / 1 1 /  °0444 
2 3 . 3 /  2 /  23.3 

. 7 /  2 /  .7  
22 .32  

29, 
79, 

.5300 
22 .6  

5.691 ( 9 9 . )  
3.78 

20.50 
2169.8 

9.88 
4,07 

765. 
.955 ( .938) 

1.000 ( . 9 7 6 )  
225.6 
42.73 
16.39 

527H02 
745.5 

11.3 
25.0 

132.4 
5.35 

.23 
1.25 
.60 
.248 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-527-F 
ODOMETER 4649. KM( 2889. MILES) 

NOX HUMIDITY CORRECTION FACTOR 1.02 



IDLE - VEHICLE EMISSIONS RESULTS - 
PROJECT 0 5 - 6 6 1 9 - 0 0 5  

TEST NO. 527103 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1,5 L( 90. CID) L-4 
TRANSMISSION M4 

VEHICLE NO.I 
DATE 11/ 9 /82  
BAG CART NO. t 
DYNO NO. 2 
CVS NO. 17 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEl. EM-527-F 
ODOMETER 4667. KM( 2900, MILES) 

BAROMETER 745.49 MM HG(29.35 IN HG) 
RELATIVE HUMIDITY 53. PCT 
BAG RESULTS 

TEST CYCLE 

DRY BULB TEMP, 25 .6  DEG C(7B.O DEG F) 
ABS. HUMIDITY 11.1 GM/KG 

IDLE 

NOX IIUMIDITY CORRECTION FACTOR 1.01 

D 
I 

BLOWER DIF P MM. H20( IN .  H20) 
BLOWER INLET P MM. H20( IN .  H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, $) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED) 

927.1 ( 3 6 . 5 )  
889.0 ( 3 5 . 0 )  

37.8  (100 .0 )  
I 1864. 

551.3  ( 12405 . )  
7 . 6 1 1 1 /  8. 
5. I /  1/ 5. 
8 . 4 / 1 3 /  8 ,  
1 . 1 / 1 3 /  I .  

50 .8113 /  .1005 
2 2 . 9 / 1 3 /  . 0 4 2 3  

3 . 4 /  2 /  3 . 4  
. 7 /  2 /  .7 

127.94 
3. 
6. 

.0583 
2.7 

.175 (85.) 
.52 

2.65 
375.1 

I .84 
.14 

1201. 
.992 ( .975)  

1 .000  ( .982)  
5 5 1 . 3  
66.81 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KG 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

527105 
745.5  

I1 .1  
25 .6  

HYDROCARBONS, (THC) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KN 
PARTICULATES, G/KM 



TEST NO. 527504 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. CID) L-4 
TRANSMISSION M4 

BAROMETER 744.73 MM HG(29.32 IN FIG) 
RELATIVE HUMIDITY 52. POT 
BAG RESULTS 

TEST CYCLE 

C3 
I Lp 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG, F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU, METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
002 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THD CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WTo MG (EFFICIENCY, %) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCFw WET (DRY) 
VOL (SCM) 
SAM BLR (SOM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KG 
TEMPERATURE, DEC C 
CARBON DIOXIDE, GIKM 
FUEL CONSUMPTION, LII OOKM 

HYDROCARBONS, (THO) G/KM 
CARBON MONOX I DE, G/KM 
OXIDES OF NITROGEN, G/KM 
PART I CULATES, G/KM 

50 KM - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.I 
DATE 111 9182 
BAG CART NO. I 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP. 25.0 DEG C(77,0 DEC F )  
ABSo HUMIDITY 10.6 GM/KG 

50 KM 

927.1 (36.5)  
889.0 (35.0)  

36.7 ( 9 8 . 0 )  
5959. 

175.9 ( 6210.) 
16.11111 16. 
5,01 11 5, 

25,71131 24. 
1 .1 /13 /  I. 

79.8/12/ .3438 
12.9/121 .0439 
13.6/ 2/ 13.6 

.61 21 .6 
37.48 

11. 
22. 

.3010 
13.0 

1.714 (97 . )  
1.16 
4 . 5 1  

969.2 
4,37 
1.16 

601• 
,973 ( , 9 5 7 )  

1.000 ( .980)  
175.9 
33.27 
8,33 

527504 
744.7 

10.6 
25.0 

116.3 
4.66 

.14 

.54 

.52 
• 139 

TEST ~EIGHT 1021• KG( 2250, LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-527-F 
ODOMETER 4667. KM( 2900. MILES) 

NOX HUMIDITY CORRECTION FACTOR 1.00 



TEST NO. 527805 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 I (  90. CID) L-4 
TRANSMISSION M4 

BAROMETER 741.93 MM HG(29,21 IN HG) 
RELATIVE HUMIDITY 50. PCT 
BAG RESULTS 

TEST CYCLE 

N 
I 

C~ 

BLOWER DIF P MM. H20( IN .  H2O) 
BLOWER INLET P MM. H20( IN .  H2O) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THC MASS GRAMS 
CO MASS GRAMS 
002 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRYI 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KG 
TEMPERATUREp DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONS, (THC) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KM 
PARTICULATES, G/KM 

85 KM - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005  

VEHICLE NO.I 
DATE 111 91B2 
BAG CART NO. I 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP. 25 .6  DEG C(78 .0  DEG F) 
ABS. HUMIDITY 10.4 GM/KG 

85 KM 

927.1 ( 3 6 . 5 )  
889 .0  ( 3 5 . 0 )  

41.7  ( I 0 7 . 0 )  
5933. 

172.9 ( 6 1 0 4 . )  
38.01111 38. 

4 .91  11 5. 
99.3/13/ I01. 

.6/13/ I. 
70.9/11/ .6234 

7 . 5 / 1 1 /  .0437 
26.6 /  2 /  26 .6  

. 6 /  21 .6 
20 .45  

33. 
98. 

.5818 
26 .0  

4 .313 (99.1  
3 .36  

19.71 
1841.5 

8 .53  
3 .80  

600 .  
.951 ( . 9 3 6 )  

1 .000  ( . 9 7 8 )  
172 .9  
33.00  
14.24 

527805 
741.9  

10,4 
25 .6  

129o3 
5°24 

. 24  
I .38  

.60  

.267 

TEST WEIGHT 1021. KG( 2250.  LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7 .5  HP) 
DIESEL EM-527-F 
ODOMETER 4677.  KM( 2906. MILES) 

NOX HUMIDITY CORRECTION FACTOR .99 



TEST NO. 527F06 RUN 2 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. CID) L-4 
TRANSMISSION M4 

BAROMETER 746.25 MM HG(29.38 IN FIG) 
RELATIVE HUMIDITY 60. PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

(3 
I 

....I 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN, H20) 
BLOWER INLET TEMP. DEGo C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
002 SAMPLE METER/RANGE/PCT 
C02 BOKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THe CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, ~) 
TI-IC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 

THO GRAMSIKM 
CO GRAMS/KM 
C02 GRAMS/KM 
NOX GRAMSIKM 
FUEL CONSUMPTION BY CB LIIOOKM 

RUN TIME SECONDS 
MEASURED DISTANCE KM 
SOF, DRY 

DFC, WET (DRY) 
TOT VOL (SCM) / SAM BLR (SCM) 
KM (MEASURED) 
FUEL CONSUMPTION L/IOOKM 

]OMPOSlTE RESULTS 
TEST NUMBER 527F06 
BAROMETER MM HG 746.3 
HUMIDITY G/KG 12.1 
TEMPERATURE DEG C 25,0 

FTP - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.1 
DATE 11/101B2 
BAG CART NO. I / CVS NO. 17 
DYNO NO. 2 

DRY BULB TEMP. 25.0 DE8 C(77.0  DEG F)  
ABS. HUMIDITY 12.1 GM/KG 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-527-F 
ODOMETER 4688. KM( 2913. MILES) 

NOX HUMIDITY CORRECTION FACTOR i . 05  

1 2 3 4 
COLD TRANS 1ENT STAB ! L I ZED HOT TRANS I ENT STAB I L I ZED 

914.4 (36.0) 914.4 (36.0) 
889.0 (35.0) 889.0 (35.0) 
38.3 (I01.0) 39.4 (I03.0) 

4991. 8576. 
148.2 (5232,) 253.9 (8966.) 
21.7112/ 43. 7.4/12/ 15. 

6.01 1/ 6. 5 . 8 /  1/ 6. 
5 5 . 5 / 1 3 /  53. 2 2 . 7 / 1 3 /  21. 

1.5 /15 /  1. 1 .8 /15 /  2. 
91.6/121 .4125 62 .3 /12 /  .2527 
13 .2 /12 /  .0450 1 5 . 0 / 1 2 /  .0443 
12.8 /  2 /  12.8 8 . 4 /  2 /  8 .4  

. 5 /  2 /  .5 . 5 /  2 /  .5 
30.88 50.85 
38. 9, 
50. 19. 

,3689 .2093 
12.3 7,9 

2,983 (99,) 1,632 (98°) 
3.25 1.34 
8.64 5.51 

1000,8 973.1 
3.65 4 .02 
1.99 1.08 

914.4 (36.0) 914.4 (36.0) 
889.0 (35.0) 889.0 (35.0) 
41.7 (107.0) 40.0 (104.0) 

4993. 8579. 
147.0 ( 5192o) 253,7 ( 8957,) 
15.8/12/ 52. 6,2/12/ 12. 

5 .8 /  I /  6. 5 . 4 /  1/ 5. 
4 5 . 4 / 1 3 /  43. 2 1 . 0 / 1 3 /  19. 

1 .0113/  1. 1 . 4 /13 /  1. 
8 3 . 3 / 1 2 /  .3634 6 1 . 2 / 1 2 /  .2474 
13 .1 /12 /  .0446 13 .2 /12 /  .0450 
12 .3 /  2 /  12.3 8 . 4 /  2 /  8.4 

. 5 /  2 /  .5 . 5 /  2 /  .5 
55.15 52.03 

26. 7, 
41. 17. 

.3201 °2032 
11.8 7.9 

2.059 (98 . )  1.469 (97 . )  
2 .22 1.04 
6.94 5.15 

861.6 943.8 
3 ,48 4.02 
1.37 .98 

.56 .21 .38 .17 
1.50 .88 1.20 .82 

173.3 154.5 149.2 150.4 
.63 .64 .60 .64 

7.03 6 .20 6.03 6.03 

505. 868, 
5.78 6.27 
.977 .978 .978 

. 9 7 7 ( . 9 5 9 )  
4 0 0 , 7 /  78.05 

12.05 
6.03 

505. 868. 
5.78 6 .30 
,977 .978 .978 

. 9 7 6 ( . 9 5 7 )  
402.11 78,05 

12.07 
6.60 

CARBON D I OXI DE G/I(M 
FUEL CONSUMPTION L/lOOKM 
HYDROCARBONS (THe) G/I(M 
CARBON MONOXIDE G/KM 
OXIDES OF NITROGEN G/I<M 
PART I CULATES G/KM 

3-BAG 
156.9 
6.32 

.33 
1.09 
.63 

.225 

(4-BAG) 
( 1 5 5 . 7 )  
( 6 . 2 7 )  
( .32)  
( 1.08) 
( .63)  
( .220) 



TEST NO. 527H07 RUN 2 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. C10) L-4 
TRANSMISSION M4 

BAROMETER 745.49 MM HG(29,35 IN HG) 
RELATIVE HUMIDITY 55. PCT 
BAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 

n TI4C CONCENTRATION PPM 
J CO CONCENTRATION PPM 

C02 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, g) 
TI4C MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFO, WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KG 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONSI (THO) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KM 
PARTICULATES, G/KM 

HFET - VEHICLE EMISSIONS RESULTS - 
PROJECT 05 -6619 -005  

VEHICLE NO.I 
DATE 11/10 /82  
BAG CART NO. I 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP. 23 .9  DEG C ( 7 5 , 0  DEG F) 
ABS. HUMIDITY 10.4 GM/KG 

HFET 

914.4 ( 3 6 . 0 )  
889.0  ( 3 5 . 0 )  

40 .0  ( 1 0 4 . 0 )  
7564. 

222.9  ( 7 8 7 1 . )  
3 8 . 0 1 1 2 /  76. 

5 . 4 /  1/  5. 
94.7 /13 /  96. 

1.11131 1. 
6 7 . 4 / 1 1 /  .5808 

7 , 4 / 1 1 /  °0444 
21.5/ 2/ 21.5 

. 5 /  2 /  .5 
21 .80  

71. 
92. 

.5384 
21 .0  

5.707 ( 9 9 . )  
9 .20  

23.93 
2197.4 

8 .87  
4 .05  

766. 
.954 ( ° 9 3 7 )  

! ,000  ( ° 9 7 6 )  
222.9  
42 .77  
16.62 

527H07 
745.5  

10.4 
23 .9  

132.2 
5 .40  

. 55  
1.44 

.53  

.243 

TEST WEIGHT 1021. KG( 2250.  LBS) 
ACTUAL ROAD LOAD 5.4 KH( 7 .3  HP) 
DIESEL EM-527-F 
ODOMETER 4720.  KM( 2933, MILES) 

NOX HUMIDITY CORRECTION FACTOR .99 



TEST NO. 526F01 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1,5 L( 90. OlD) L-4 
TRANSMISSION M4 

BAROMETER 747.78 MM HG(29.44 IN HG) 
RELATIVE HUMIDITY 25. PCT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEe. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/POT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 

N CO CONCENTRATION PPM 
I 002 CONCENTRATION POT 

NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THO MASS GRAMS 
CO MASS GRAMS 
002 MASS GRAMS 
NOX MASS GRAMS 
PARTIOULATE MASS GRAMS 

THO GRAMS/KM 
CO ORAMS/KM 
002 GRAMS/KM 
NOX GRAMS/KM 
FUEL CONSUMPTION BY CB L/IOOKM 

RUN TIME SECONDS 
MEASURED DISTANCE I<M 
SCF, DRY 

DFC, WET (DRY) 
TOT VOL (SCM) / SAM BLR (SCM) 
KM (MEASURED) 
FUEL CONSUMPTION L/IOOKM 

]OMPOSITE RESULTS 
TEST NUMBER 526F01 
BAROMETER MM HG 747.8 
HUMIDITY G/KG 4.6 
TEMPERATURE DEG C 23.9 

FTP - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHIOLE NO.I 
DATE 11/12/82 
BAG CART NO. I / CVS NO. 17 
DYNO NO, 2 

l 

DRY BULB TEMP. 23.9 DEG 0 (75 .0  DEG F) 
ABS. HUMIDITY 4.6 GM/KG 

TEST WEIGHT I021.  KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-526-F 
ODOMETER 4801. KM( 2983. MILES) 

NOX HUMIDITY CORRECTION FACTOR .83 

I 2 3 4 
COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED 

939.8 (37.0)  927.1 (36 .5 )  
914.4 (56 .0 )  889.0 (35 .0 )  
55.0 ( 95.0) 36.1 ( 97.0) 

4982. 8566. 
148.9 ( 5258.) 256.2 ( 9045.) 
1 6 . 7 / 1 2 /  35. 9 , 7 / 1 2 /  19o 
3 . 0 /  I /  3. 3 . 0 /  I /  3. 

4 8 . 8 / 1 5 /  46. 2 3 . 8 / 1 3 /  22. 
1 . 2 / 1 3 /  I .  1 . 2 / 1 3 /  I .  

9 4 . 7 / 1 2 /  ,4318 63 .8 /12 /  .2601 
1 2 . 3 / 1 2 /  .0418 12 .3 /12 /  .0418 
18 .5 /  2 /  18.5 12 .0 /  2 /  12.0 

. 6 /  2 /  . 6  . 7 /  2 /  . 7  
30.67 51.04 

31. 16, 
44. 20. 

.3914 .219t  
17.9 11.3 

4.005 (99 . )  2.278 (97 . )  
2.62 2 .43  
7,66 6.08 

I067,0 1027.8 
4.25 4 .62 
2.78 1.59 

927.1 (36 .5)  927.1 (36.5)  
889.0 (35.0) 889.0 (35.0) 

36.1 ( 97.0)  36.7 ( 98.0)  
4988. 8570. 

149.2 ( 5 2 6 7 . )  255.9 ( 9 0 3 7 . )  
1 3 . 7 / 1 2 /  27. 7 . 5 / 1 2 /  15. 
3 . 0 /  I /  3. 2 . 8 /  2 /  6. 

46 .6 /15 /  44. 2 6 . 0 / 1 3 /  24. 
1 . 4 / 1 3 /  I .  1 . 4 / 1 3 /  I .  

8 4 . 9 / 1 2 /  .3726 6 2 . 9 / 1 2 /  .2557 
11 .9 /12 /  .0404 12 .3 /12 /  .0418 
17 .7 /  2 /  17.7 11 .8 /  2 /  11.8 

.5/ 21 .5 .6/ 21 .6 
35,52 51.96 
24. 10. 
42. 22. 
.3334 .2147 
17.2 11.2 

2.695 (99.) 1.687 (96.) 
2.10 1.40 
7.27 6,63 

910.4 I005.9 
4.09 4.57 
1.87 1.17 

.45 .38 .36 .22 
1.32 .96 1.25 1.04 

183.4 161.7 157.0 157.1 
.73 .73 .71 .71 

6.83 6.00 5.85 5.82 

504. 867. 
5.82 6.36 
.988 .989 .990 

.976(.968) 
405.1/ 78.27 

12.17 
6.40 

505. 867. 
5 .80 6.40 
.989 .989 .990 

. 9 7 7 ( . 9 7 0 )  
405 ,1 /  78.30 

12.20 
5.83 

3-BAG 
CARBON DIOXIDE G/KM 164.9 
FUEL CONSUMPTION L/IOOKM 6,13 
HYDROCARBONS (THC) G/KM .39 
CARBON MONOXIDE O/KM 1.11 
OXIDES OF NITROOEN O/KM .72 
PARTICULATES G/KM .316 

(4-BAG) 
( 163.5) 
( 6 . 0 8 )  
( ,34) 
( 1.13) 
( .72) 
( .296) 



TEST NO. 526H02 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. CID) L-4 
TRANSMISSION M4 

BAROMETER 747.78 MM H0(29 .44  IN HG) 
RELATIVE HUMIDITY 24. PCT 
nAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20( IN .  H20) 
BLOWER INLET P MM. H20( IN .  H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU, METRES(SCF) 
THC SAMPLE METER/RANOE/PPM 
THC BCKORD METER/RANOE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANOE/PPM 
002 SAMPLE METER/RANGE/PCT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANOE/PPM 
NOX BCKGRD METER/RANOE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, ~) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, 6/KO 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONS, (THC) G/KM 
CARBON MONOXIDE, O/KM 
OXIDES OF NITROOEN, G/KM 
PARTICULATES, O/KM 

HFET - VEHICLE EMISSIONS RESULTS - 
PROJECT 05 -6619-005  

VEHICLE NO.I 
DATE 11112182 
BAG CART NO. 1 
DYNO NO, 2 
CVS NO. 17 

DRY BULB TEMP. 25 .0  DEG C(77 .0  DEG F) 
ABS. HUMIDITY 4 .8  GM/KG 

HFET 

965.2  ( 3 8 . 0 )  
939.8 ( 3 7 . 0 )  

36 ,7  ( 9 8 . 0 )  
7565, 

223.8  ( 7 9 0 2 , )  
2 6 o 0 / 1 2 /  52, 

3 , 0 /  1/ 3,  
8 1 . 3 / 1 3 /  81. 

. 2 / 1 3 /  O. 
7 0 . 2 / 1 1 /  .6148 
6.8/11/  °0406 

3 6 . 2 /  2 /  36 .2  
1 . 9 /  2 /  1.9 

21 .48  
49. 
79. 

.5761 
34 .4  

7.071 ( 9 9 , )  
6.33 

20.55  
2360.2  

12.30 
5.19 

766. 
.953 ( .946) 

1.000 ( . 9 8 7 )  
223.8  
42 .94  
16.55 

526H02 
747.8 

4 ,8  
25 ,0  

142.6 
5 ,32  

.38 
1.24 

.74 

.314 

TEST WEIGHT 1021. KG( 2250.  LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-526-F 
ODOMETER 4825. KM( 2999. MILES) 

NOX HUMIDITY CORRECTION FACTOR ,84 



TEST NO. 526103 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. CID) L-4 
TRANSMISSION M4 

BAROMETER 748.03 MM HG(29.45 IN HG) 
RELATIVE HUMIDITY 26. POT 
BAG RESULTS 

TEST CYCLE 

N 
I 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SOF) 
THC SAMPLE METER/RANGE/PPM 
THO BOKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
002 SAMPLE METER/RANGE/POT 
002 BCKGRD METER/RANGE/POT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THO CONCENTRATION PPM 
CO OONCENTRATION PPM 
002 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THO MASS GRAMS 
O0 MASS GRAMS 
002 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFO, WET (DRY) 
SOF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, GIKO 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONS, (THO) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KM 
PARTICULATES, G/KM 

IDLE - VEHICLE EMISSIONS RESULTS - 
PROJECT 0.5-6619-005 

VEHICLE NO.1 
DATE 11/12/82 
BAG CART NO. 1 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP. 24.4 DEG 0(76 .0  DEG F)  
ABS. HUMIDITY 5.0 GM/KG 

IDLE 

927.1 (36.5)  
889.0 (35,,0) 

36.1 ( 9 7 . 0 )  
11864. 

354.1 (12502.) 
20 .7 /11 /  21. 

3 . 2 /  11 3. 
22 .6 /13 /  21. 

.51131 O. 
47.1/13/ .0924 
20.6/13./ .0378 

4 . 8 /  2 /  4.8 
1 .7 /  2 /  1.7 

139.69 
18. 
20. 

.0549 
3.1 

.445 (83 . )  
3.58 
8.23 

355.9 
1.77 
.37 

1200. 
.993 ( .985) 

1 . 0 0 0  ( . 9 9 1 )  
354. I 
67.29 

5.00 

526103 
748.0 

5.0 
24.4 
71.2 
2.78 

.72 
1.65 

.35 

.074 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-526-F 
ODOMETER 4844. KM( 3010. MILES) 

NOX HUMIDITY CORRECTION FACTOR .84 



TEST NO. 526504 RUN I 
VEHICLE MODEl. 80 VW RABBIT 
ENGINE 1.5 L( 90. CID) L-4 
TRANSMISSION M4 

BAROMETER 748.28 MM HG(29.46 IN FIG) 
RELATIVE HUMIDITY 27. PCT 
BAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC 8CKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO 8CKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/PCT 
C02 8CKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKgRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 

I C02 CONCENTRATION PCT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KG 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONS, (TI4C) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KM 
PARTICULATES, G/KM 

50 KPH- VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO,I 
DATE 11112/82 
BAG CART NO. I 
DYNO NO. 2 
CVS NO. 17 

DRY BULB TEMP, 25.0 DEG C(77.0 BEG F) 
ABS. HUMIDITY 5.3 GM/I<G 

50 KPH 

927.1 (36.5) 
889.0 (35.0) 
36.7 (98.0) 

5934. 
176.8 (6242,) 
16,9/12/ 34. 
3.0/ I/ 3. 

35.1/13/ 32. 
.I/131 O. 

80.1/12/ .3454 
1 1 . 8 / 1 2 /  .0400 
16.9/ 2/ 16.9 
1.4/ 21 1.4 

38.31 
31. 
32. 

.3065 
15.5 

2.178 (96.) 
3.14 
6.56 

991.8 
4.46 
t .50 

600. 
.974 ( .965) 

1.000 ( . 9 8 8 )  
176.8 
33 .92  
8.35 

526504 
748.3 

5.3 
25.0 

1 18.7 
4.42 

. 3 8  
,79  
.53  
,179 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-526-F 
ODOMETER 4844. KM( 3010. MILES) 

NOX HUMIDITY CORRECTION FACTOR .85 



? 
1.0 

TEST NO. 526805 RUN 1 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. OlD) L-4 
TRANSMISSION M4 

BAROMETER 748.54 MM HG(29.47 IN HG) 
RELATIVE HUMIDITY 24. PCT 
BAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20(IN. H20) 
BLOWER INLET P MM. H20(IN. H20) 
BLOWER INLET TEMP. DEO. O(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BOI<8RD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BOKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/POT 
002 BOKBRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BOKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC OONOENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION POT 
NOX OONOENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THO MASS GRAMS 
CO MASS GRAMS 
002 MASS GRAMS 
NOX MASS GRAMS 
PARTIOULATE MASS GRAMS 
RUN TIME SEOONDS 

DFOp WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SOM) 
KM (MEASURED) 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KO 
TEMPERATURE, DE8 O 
CARBON DIOXIDE, O/KM 
FUEL CONSUMPTION, L/IOBKM 

14YDROCARBONS, (THC) G/KM 
CARBON MONOX I DE, G/KM 
OXIDES OF NITROGEN, G/KM 
PART I CULATES, G/I<M 

85 KPH- VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.I 
DATE 11/12/82 
nAG CART NO. 1 
DYNO NO. 2 
OVS NO. 17 

DRY BULB TEMP. 25.0 DEG C(77.0  DEG F) 
ABS, HUMIDITY 4.7 GM/KG 

85 KPH 

927.1 (36.5) 
889.0 (35,0) 
39.4 (I03.0} 

5933. 
175.5 ( 6197.) 
26.2/12/ 52. 

3 . 0 /  1/ 3. 
8 1 . 1 / 1 3 /  80. 

, 5 / 1 3 /  O. 
74.8/11/ .6729 
6.9/11/ .0412 

38.4/ 2 /  58.4 
1 . 4 /  2 /  1.4 

19.66 
50. 
78. 

.6338 
37.1 

5.845 (99 . )  
5.00 

16.00 
2036.3 

10.40 
4.41 
600. 

,949 (°942) 
1.000 (.986) 

175.5 
33.81 
14.24 

526805 
748.5 

4.7  
25.0 

143.0 
5.33 

,35 
1.12 

.73 

.309 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-526-F 
ODOMETER 4854. KM( 3016. MILES} 

NOX HUMIDITY CORRECTION FACTOR .84 



TEST NO. 526F06 RUN 2 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. OlD) L-4 
TRANSMISSION M4 

BAROMETER 753.87 MM HG(29.68 IN 14O) 
RELATIVE HUMIDITY 16. POT 
BAG RESULTS 

BAG NUMBER 
DESCRIPTION 

BLOWER DIF P MM. 1420(IN, H20) 
BLOWER INLET P MM. 1420(IN. H20) 
BLOWER INLET TEMP. BEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU. METRES(SCF) 
THC SAMPLE METER/RANGE/PPM 
THC BCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
CO2 SAMPLE METER/RANGE/POT 
C02 BCKGRD METER/RANGE/POT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THC MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 

THC GRAMS/KM 
CO GRAMS/KM 
C02 GRAMS/KM 
NOX GRAMS/KM 
FUEL CONSUMPTION BY CB I./IOOKM 

RUN TIME SECONDS 
MEASURED DISTANCE KM 
SCF, DRY 

DFC, WET (DRY) 
TOT VOL (SCM) / SAM BLR (SCM) 
KM (MEASURED) 
FUEL CONSUMPTION L/IOOKM 

:OMPOSITE RESULTS 
TEST NUMBER 526F06 
BAROMETER MM HG 753 .9  
HUMIDITY G/KG 2 .9  
TEMPERATURE DEG C 23.9 

FTP - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.1 
DATE 11 /15 /82  
BAG CART NO. 1 / CVS NO. 17 
DYNO NO. 2 

DRY BULB TEMP. 23 .9  DEG C(75 .0  DEG F) 
ADS. HUMIDITY 2.9 GM/KG 

TEST WEIGHT 1021. KG( 2250.  LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7 .3  HP) 
DIESEL EM-526-F 
ODOMETER 4881.  KM( 3033. MILES) 

NOX HUMIDITY CORRECTION FACTOR .80 

I 2 3 4 
COLD TRANSIENT STABILIZED HOT TRANSIENT STABILIZED 

927.1 (36.5) 939.8 (37.0) 
914.4 (36.0) 927.1 (36.5) 
42.8 (I09,0) 36.7 ( 98.0) 

4989. 8576. 
148.3 (5237,) 258.2 (9118.) 
20.1/12/ 40. 7.9/12/ 16. 
4,01 I/ 4. 6.0/ I/ 6. 

48.8/13/ 46. 23.8/13/ 22. 
1.2/13/ I. 1.2/13/ I. 

94.7/12/ .4318 63.8/12/ .2601 
12.3/12/ .0418 12.3/12/ .0418 
1 8 . 5 /  2 /  18.5 1 2 . 0 /  2 /  t 2 . 0  

.6/ 2/ .6 .7/ 2/ .7 
30.62 51.11 
36. 10. 
44. 20. 
.3914 .2191 
17.9 11.3 

3.597 (99.) 1.741 (97.) 
3.10 1.48 
7.65 6.15 

1062.6 1036.0 
4.04 4.45 
2.39 1.21 

927.1 (36.5) 927.1 (36.5) 
914.4 (36.0) 914.4 (36.0) 
36.1 ( 97.0) 36.1 ( 97.0) 

4991. 8576, 
150.7 ( 5322.) 259.0 ( 9146.) 
14o0/12/ 28. 7.3/12/ 15, 
6.0/ I/ 6. 6.0/ I/ 6. 

46.6/13/ 44. 26.0/13/ 24. 
1.4/13/ I. 1.4/13/ 1. 

84.9/12/ .3726 62.9/12/ .2557 
11.9/12/ .0404 12.3/12/ .0418 
17.71 21 17.7 11.8/ 2/ 11.8 

. 5 /  2 /  .5 . 6 /  2 /  .6 
35.51 51.97 
22. 9. 
42. 22. 

.3334 .2147 
17.2 11.2 

1.906 (97.) 2.867 (98.) 
1.92 I .31 
7.57 6.73 

920.0 1018.1 
3.95 4.42 
1.30 1 .99 

.54 .24 .33 .21 
1.33 .98 1.27 1.07 

184.7 165.8 159.1 161.8 
.70 .71 .68 .70 

6.88 6.14 5.92 5.99 

505. 868.  
5 .78  6 .29  
.992 .992 .993 

. 9 7 7 ( . 9 7 3 )  
4 0 9 . 7 /  80 .19  

12.08 
5 .96  

505. 867. 
5.75 6.25 
.991 .992 .993 

.976(.971) 
406.5/ 80.25 

12.00 
6.50 

CARBON DIOXIDE G/KM 
FUEL CONSUMPTION L/IOOKM 
HYDROCARBONS (THC) G/KM 
CARBON MONOXIDE G/KM 
OXIDES OF NITROGEN G/KM 
PARTICULATES G/KM 

3-BAG 
167.8 
6 .23  

.32  
1 .13  

,70  
, 2 4 8  

(4 -BAG)  
( 1 6 6 . 7 )  
( 6 . 1 9 )  
( . 3 2 )  
( 1 . 1 6 )  
( . 7 0 )  
( . 2 8 4 )  



TEST NO. 526H07 RUN 2 
VEHICLE MODEL 80 VW RABBIT 
ENGINE 1.5 L( 90. OlD) L-4 
TRANSMISSION M4 

BAROMETER 752.60 MM HG(29.63 IN He) 
RELATIVE HUMIDITY 19. PCT 
BAG RESULTS 

TEST CYCLE 

BLOWER DIF P MM. H20(IN,  H20) 
BLOWER INLET P MM. H20(IN,  H20) 
BLOWER INLET TEMP. DEG. C(DEG. F) 
BLOWER REVOLUTIONS 
TOT FLOW STD. CU, METRES(SCF) 
THO SAMPLE METER/RANGE/PPM 
THCBCKGRD METER/RANGE/PPM 
CO SAMPLE METER/RANGE/PPM 
CO BCKGRD METER/RANGE/PPM 
C02 SAMPLE METER/RANGE/POT 
C02 BCKGRD METER/RANGE/PCT 
NOX SAMPLE METER/RANGE/PPM 
NOX BCKGRD METER/RANGE/PPM 
DILUTION FACTOR 
THC CONCENTRATION PPM 
CO CONCENTRATION PPM 
C02 CONCENTRATION POT 
NOX CONCENTRATION PPM 
FILTER WT. MG (EFFICIENCY, %) 
THe MASS GRAMS 
CO MASS GRAMS 
C02 MASS GRAMS 
NOX MASS GRAMS 
PARTICULATE MASS GRAMS 
RUN TIME SECONDS 

DFC, WET (DRY) 
SCF, WET (DRY) 
VOL (SCM) 
SAM BLR (SCM) 
KM (MEASURED} 

TEST NUMBER, 
BAROMETER, MM HG 
HUMIDITY, G/KG 
TEMPERATURE, DEG C 
CARBON DIOXIDE, G/KM 
FUEL CONSUMPTION, L/IOOKM 

HYDROCARBONS, (THC) G/KM 
CARBON MONOXIDE, G/KM 
OXIDES OF NITROGEN, G/KM 
PARTICULATES, G/KM 

HFET - VEHICLE EMISSIONS RESULTS - 
PROJECT 05-6619-005 

VEHICLE NO.I 
DATE 11/15/82 
BAG CART NO. 1 
DYNO NO, 2 
CVS NO. 17 

DRY BULB TEMP. 23.9 DEG C(75,0  DEG F) 
ABS. HUMIDITY 3,5 GM/I<G 

HFET 

927.1 (36.5)  
889.0 (35.0) 
57.2 (99.0) 

7565. 
227.0 (8014.) 
28,2/12/ 56. 

7 . 0 /  1/ 7. 
85,0/13/ 85. 

1.81131 2. 
6 9 . 8 / 1 1 /  .6099 

7 . 0 / 1 1 /  .0419 
54.7/ 2 /  34.7 

.51 2 /  .5 
21.62 

50. 
82. 
,5699 
34.2 

7,761 (99 . )  
6.48 

21.61 
2568.3 

11.99 
5.65 

765. 
,954 (,948) 

1,000 ( . 9 8 8 )  
227.0 
43,48 
16.54 

526H07 
752.6 

3.5 
23.9 

143.2 
5.35 

.39 
1.31 
.73 
.342 

TEST WEIGHT 1021. KG( 2250. LBS) 
ACTUAL ROAD LOAD 5.4 KW( 7.3 HP) 
DIESEL EM-526-F 
ODOMETER 4907. KM( 3049. MILES) 

NOX HUMIDITY CORRECTION FACTOR .81 
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Figure C-l. Smoke opacity and vehicle speed vs. time for the first 505 seconds 

of a cold-start FTP, VW Rabbit Diesel, EM-527-F, SASOL, 11/11/82. 
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i%PPENDIX D 

STATISTICAL ANALYSIS RESULTS 



TO: 

FROM: 

S O U T H W E S T  R E S E A R C H  I N S T I T U T E  

INTER-DEPARTMENTAL MEMORANDUM 

October 4, 1982.., 

Bruce Bykowski 

R.L. Mason 

SUBJECT: Response to 05-.6619-005 Task Order 

The analysis approach proposed for meeting the objectives of the 
current task order is discussed in the following paragraphs. Attempts 
have been made to strengthen the statistical arguments while 
minimizing the number of assumptions and maximizing the application of 
the conclusions. 

Experiments involving the study of the relationships between 
exhaust emissions and fuel properties are k~1own to depend on several 
factors. These include, as a minimum, the vehicle on ~aich the tests 
are run, the type of fuel, the test cycle; and the measurement 
techniques. Further, it is well known that the quantity of a given 
exhaust emission depends on a variety of fuel properties and that this 
type of an association precludes simple one-to-one relationships 
between a given emission and a specific fuel property. 

The above facts have an importanteffect in any effort aimed at 
combining various studies on emissions. First, these studies most 
probably will have varying experimental conditions resulting in 
experiments utilizing different vehicles, fuels, test cycles and 
measurement techniques. Second, each experiment m~y yield differing 
prediction equations relating emissions to fuel properties. These 
equations will be based on different sample sizes as well as 
experimental conditions. Third, the experimental results will have 
wide variation as a result of the m~ny sources Of variation. This 
will result in differing levels of fit with some prediction equations 
yielding large correlation coefficients while others yield moderate- 
to-low correlations. 

Any analysis plan devised for combining the data from many 
studies on petroleum-based fuels will be, at best, descriptive in 
nature as a result of the previous arguments. Nevertheless ~ it is 
possible to obtain some helpful information by the usage of both 
graphical displays of the data as well as some simple statistical 
techniques. The proposed method involves reviewing each study 
concerned with predicting emission trends frompetroleum-based fuels 
and determining which indicatesimilar relationships. 

'-~ ~ ~ l--b ./__._J~: 



Due to the difficulties involved in displaying and comparing 
multiple-variable equations, the primary effort in this ~ task will be 
devoted to studying one-to-one relationships between exhaust emissions 
and fuel properties. However, if enough data are available, some 
effort may be given to expanding the analysis plan to consider multi- 
variable relationships. 

Since each experiment may be using different data rangesfor the 
fuel properties (e.g., due to differing fuel types or test yehicles), 
the data from each study as well as from the alternate-source fuel 
study must be normalized to a common point. This will yield more 
meaningful comparisons. Hence, the data from each study will be 
normalized to a predetermined fuel property level (e.g., 30% 
aromatics). 

Three procedures will be used to analyze the normalized data. 
These include the following: 

I. Graphical Comparison - 

The normalized data from each study will be plotted on a ~-raph of 
the emission of interest versus a specific fuel property. In this 
manner a region of interest will De established within which will lie 
the data from all petroleum-based studies. The normalized data from 
the alternate-source fuel will be plotted on the same graph to 
determine if the data fall inside or outside the region of interest. 

2. Curve-Fitting Comparison 

The normalized emissions data from each stu~ywill be fitted with 
a least squares regression line using a specified fuel property as the 
predictor variable. Similarly an equation will beused to fit the 
alternate-fuel dat~. These lines will be plotted on a graph similar 
to the one given as an example in Figure !.The lines from the 
petroleum-fuel data will form a region representing the dispersion for 
such studies. The effects of using alternate-source fuels Can be 
determined by observing where the alternate-source fuel line falls 
relative to the petroletun-based fuel band. ~ 

3. Average Comparison 

Although the prediction equations obtained in step 2 will be 
based on varying experimental conditions and sample sizes, and will 
have differing degrees of fit (i.e,, correlation coefficients), an 
attempt will be made to fit all the petroleum-based fuel data using a 
sinsle regression line. This combined equation then could be used as 
a comparison for the alternate-source fuel fit. One means of 
accomplishing this analysis is to form an "average" line whose 
intercept and slope are the average of the intercepts and slopes, 
respectively, of the individual lines. Another approach might be to 
fit all the petroleum-data to a single line; however, this method 

D'3 
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would give undue emphasis to studies with better fits and more data. 
The resulting "average" fit could be used with the fuel property data 
from the alternate-source study to obtain predicted emission values 
that could be compared to the observed emission data from the 
alternate-source study. 

This comparison would be accomplished using a goodness-of-fit 
statistic such as 

n (Observed - Predicted) 2 
X 2 = 7 Predicted 

i=l 

While X 2 is not a chi-square statistic (as would occur in a single 
experiment with random observations) it is similar to it and the chi- 
square table can be used to provide guidelines for determining whether 
the observed and predicted values differ. 

A brief example of a typical plot of the data resulting from the 
above study is shown in Figure I. 

It shows that the alternat~-source study's effect of aromatics is 
greater than the average of all petroleum-based studies reviewed. The 
alternate-source study's fuel aromatic contents could be inserted into 
the linear equation for the average of studies A, B, C, D to yield 
particulate emissions as if the alternate fuels were petroleum-based 
fuels. The predicted particulate values couId be compared to actual 
observed particulate emissions. Where appropriate, additional 
comparisons would be made between the alternate-source study and 
individual studies. For example, if study "A" represented results 
from a petroleum-based study which incorporated the same vehicle type 
and driving cycle as the alternate-source study, then theresults 
would indicate that the alternate-source fuels exhibit less of a 
particulate emission increase as compared with the petroleum-based 
fuels. 

The previous discussions describe the statistical approach for 
combining the data from the various studies and the expected output 
from the analysis. In summary, descriptive statistical techniques 
based on plotting the data and fitting curves to the data.will be 
utilized in order to compare the effects of petroleum-based fuels on 
exhaust emissions to those of alternate-source fuels on emissions. 

The proposed methodology has some severe limitations which 
restrict the application of more advanced statistical concepts. These 
include the usage of experiments performed at differing times under 
differing test conditions and with differing objectives. Due to these 
facets, it is expected that only some general trend information will 
be available at the conclusion of this project. 
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STUDY FUEL CETANE DENSITY N ARO, OLE, IO%PT 90~PT HC RO NOX PART, FUEL RAP ALDE, PHEN, SOLUBLE 
INFO ID CODE NO, O/ML PPM VOL ~ VOL ~ DEC C DEC C G/KM G/KM G/KM G/I(M L/IOOKM UO/KM M[|/KM MG/KM MO/KM 
........................................................................................... 
A I .  395. 62. 0.793 I .  5 .8  1.5 211.  224.  0 .09  0 . 5 2  0 . 7 5  0.171 9 .46  0 . 5 9  0 ,31  1 .69  27 .0  
A 1. 401.  55. 0.800 I .  2 .7  1.9 206.  230. 0 .11 0 . 5 0  0 . 8 5  0.151 9 .55  0 .42  4 . 8 9  0 .00  23 .7  
A 1. 404. 62. 0.794 479.  6.1 1.5 211.  224.  0 .08  0 .47  0 . 7 6  0 .162  9 .50  0 .25  0 . 3 0  4 .33  21 .7  
A I .  405.  61. 0 .795 930.  6 .6  1.5 210.  224. 0 .00  0 .46  0 . 8 9  0 .162  9 .59  0 .35  15.2 29.4 17.0 
A I .  430= 83.  0.796 493.  8 .8  1.8 210. 228.  0 .09  0 .52  0 .84  0 .180  9 .76  0 .96  0 . 0 0  12A. 22 .9  
A 1. 434.  44. 0 .825 5.  31 .5  2 .9  206. 234.  0 .12  0 . 5 9  0 .88  0 .212 9=52 0 .37  2 .00  0 . 6 6  27 .6  
A I ,  438.  64. 0 .793 I .  6 .8  6 . 6  210.  224.  0 .09  0 .48  0 . 8 5  0 .155  9 .84  0,21 O.O0 0 .17  28 .4  
A 1. 448.  56. 0 .783 I .  4 .9  1.8 189. 223. 0.11 0 .48  0 .82  0 .142 9.51 0.51 8 .18  0.21 26 .7  
A 1. 460.  46. 0.815 I .  32.1 1.0 209.  224.  0 ,13  0 , 6 0  0 .92  0 .219  9 . 5 6  0 . 7 3  O.O0 1.30 30 .2  
A 1. 461.  60.  0.791 I .  f i . I  1.0 216.  251. 0 .08  0 .47  0 . 8 6  0 .159  9 . 6 3  0 . 4 3  8 .83  0 .55  26 .2  
A1 I .  463. 60.  0 .826 718. 30.8 1.2 206.  234. 0 . 1 3  0 . 6 6  1.04 0 .287 9 .62  0 .43  0 . 0 0  0 .18  34.7 
01 2. 238. 53. 0.845 50, 29 .8  1.6 213.  313. 0 .12  0 .57  0 .78  0 .329  8 .48  0 .39  16.9 . . . .  36 ,7  
01 2. 239 47. 0.844 50. 21.6 0 . 8  216.  303. 0 .19  0 .64  0 , 7 9  0,314 8 .60  0 . 4 6  15.9 . . . .  30 .6  
81 2. 240. 47. 0 .806 60.  13.0 3.4 181. 238.  0 .09  0 .57  0 . 7 3  0 .235  8.51 0 . 3 2  16.0 . . . .  28 .3  
B1 2. 241. 41. 0.861 240.  34.6 1.0 216.  301. 0 ,20  0.71 0 . 8 8  0 .380  9 .38  0 .62  23 .9  . . . .  28 .7  
81 2. 242. 50. 0.831 80. 12.4 0 .8  213. 310.  0 .12  0 . 6 8  0 . 8 5  0 .292  9.38 0 .23  16.9 . . . .  26.1 
82 3. 238. 53. 0 .845 50. 29.8 1.6 213,  313. 0 .18  0 .49  0 . 5 9  0 .225  5.71 1.13 28 .7  . . . .  24 .4  
02 3. 239. 47.  0.844 50. 21 .6  0 .8  216.  303. 0 .20  O.51 0 . 6 5  0 .218  5 .60  1.33 12.6 . . . .  28 .8  
02 3. 240. 47, 0 .806 60 .  13.0 3 .4  181. 238.  0 .17 0 . 5 5  0 . 5 7  0 .177 5.71 1.18 18.0 . . . .  26 .6  
D2 3. 241. 41.  0.861 240.  34.6 I .O  216.  301. 0.71 0.81 0 . 5 8  0 .375 6 .17  3.64 52 .5  . . . .  58 .4  
R2 3. 242, 50. 0.831 80. 12.4 0 .8  213.  310.  O.20 0 . 5 2  0 . 6 3  0 .194  5 .89  1.05 13.4 . . . .  26 .4  
CI 4. 1. 47,  0.806 . . . .  1 3 , 0  3 ,4  181, 238,  0 ,21 0 . 8 0  1,12 0.231 7 .99  0 .96  22 .6  . . . .  71 .6  
CI 4, 2. 47.  0.832 . . . .  27 .0  1.8 204, 280,  0 ,19  0 .78  1.14 0 .308  8 .34  . . . .  24 ,2  . . . . . . . .  
CI  4. 3. 49.  0.844 . . . .  21.6 0 .8  216. 303.  0 .29  0 .88  1.64 0 ,247 0 .87  . . . .  37.4 . . . . . . . .  
CI  4. 4. 49.  0 .843 . . . .  26 .5  0 .9  214.  306.  0 .30  0 . 9 0  1.43 0 .316  0 . 8 9  0 .98  34 .7  . . . .  7 4 . 0  
01 5. 20.  50. 0 .850 . . . .  35.1 0 .0  223.  316,  0 .15  0 . 6 0  0 . 8 5  O.172 8 .06  . . . .  3 1 . I  . . . . . . . .  
01 5. 2. 47.  0 .847 . . . .  28.8 1.4 217.  309.  0.21 0 .84  0 . 8 3  0 .187  7.71 . . . .  29 .6  . . . . . . . .  
DI 5. I .  48, 0 .835 . . . .  22 .8  t . I  205.  297.  0 .26  0 .88  0.81 0 .178 7 .79  . . . .  23 .0  . . . . . . . .  
F I  6. I .  48.4 0 .829  . . . .  23.7 0 ,96  197, 290, 0.31 0.71 0 , 4 6  . . . .  4 .97  . . . . . . . . . . . . . . . .  
F I  6. 4.  50 .0  0 .809  . . . .  19.2 0 . 7 0  151, 303.  0 ,37 0 .74  0 . 4 6  . . . .  5 .16 . . . . . . . . . . . . . . . .  
F I  6. 5. 43 .5  0 .840 . . . .  36 .9  0 .72  139. 308. 1.74 1.50 0 .38  . . . .  5 .05  . . . . . . . . . . . . . . . .  
FI  6. 6. - - - -  O.O00 . . . .  19.2 0 .72  136. 279.  - - - -  0 .87  0 , 4 0  . . . .  5 .29 . . . . . . . . . . . . . . . .  
F2 7. 1, 48 .4  0 .829  . . . .  23.7 0 . 9 6  197. 290.  0 ,55  1.23 0 . 9 6  . . . .  12.32 . . . . . . . . . . . . . . . .  
F2 7. 5. 43 .5  0 .840  . . . .  36.9 0 .72  139. 308. 0 .30  1,17 1.12 . . . .  12.99 . . . . . . . . . . . . . . . .  
F2 7. 6. - - - -  0 ,800 . . . .  19.2 0 .72  136, 279~ 0 .29  1.08 0 . 9 6  . . . .  12.30 . . . . . . . . . . . . . . . .  
01 8. 7812. 61 .0  0.784 . . . .  0 .0  . . . .  209, 247. - ................................... 
G1 8. 7938. 45 .7  0 .810 . . . .  13.0 . . . .  206. 226. - ................................... 
GI 8. 7941. 47 .7  0 .820 . . . .  13.0 . . . .  213. 309. 0.1 0 .4  I , O  0 .11  10.7 . . . . . . . . . . . .  19.3 
GI 8. 8017. 44 .9  O.811 . . . .  17.0 . . . .  188. 244.  - ................................... 
GI 8. 7939. 41 .2  0 .823 . . . .  20 .0  . . . .  203. 249. O. t  0 .4  I . I  0 .14  11.2 . . . . . . . . . . . .  31 .7  
G1 8. 7942. 41.1 0 .819  . . . .  20 .0  . . . .  201. 227.  0.1 0 .4  0 . 9  0 .11 9 .8  . . . . . . . . . . . .  25 .5  
G1 8. 7926. 44 .2  0 .852 . . . .  32 .0  . . . .  214.  306. 0.1 0 . 5  1.0 0 . 1 2  10.2 . . . . . . . . . . . .  39 .8  
G1 8. 7943. 39 .8  0 .835 . . . .  32 .0  . . . .  199. 312. 0 .2  0 . 6  0 . 9  O. I I  10.2 . . . . . . . . . . . .  19.3 
01 8. 7940. 37.O 0 .830  . . . .  34 .0  . . . .  199. 251.  O.1 0 . 5  0 . 9  0 .11 9 .8  . . . . . . . . . . . .  31 .7  
02 9. 7812. 61 .0  0 .784 . . . .  0 .0  . . . .  209. 247.  0 .7  1,2 0 . 9  0 . | 0  . . . . . . . . . . . . . . . .  39 ,8  
02 9. 7938. 45 .7  O.810 . . . .  13.0 . . . .  206. 226. 0.1 0 .5  0 . 7  O.14 11.2 . . . . . . . . . . . .  41 .0  
02 9. 7941, 47 ,7  0 .820 . . . .  13.0 . . . .  213. 309. 0.1 0 . 6  0 . 8  O. 15 11.8 . . . . . . . . . . . .  44.7 
02 9. 8017. 44 .9  O.811 . . . .  17.O . . . .  188. 244.  0 .2  0 .7  0 . 9  0 .12  . . . . . . . . . . . . . . . .  31.1 
02 9. 7939. 41 .2  0 .823 . . . .  20 .0  . . . .  203.  249.  0.1 0 .6  0 . 8  0 .13  11. - . . . . . . . . . . .  32 .9  
02 9. 7942. 41 .4  O.819 . . . .  20 .0  . . . .  201. 227. 0,1 0 .6  0 . 8  0 .14  13.1 . . . . . . . . . . . .  57 .2  
02 9. 7926. 44 .2  0 .852 . . . .  32.0 . . . .  214. 306. 0 .2  0 . 9  0 . 9  0 .19  11.8 . . . . . . . . . . . .  40 .4  
G2 9. 7943. 39 .8  0 .835 . . . .  32 .0  . . . .  199. 312. 0 .2  0 . 6  O.8 0 .14  11.2 . . . . . . . . . . . .  29 .8  
02 9.  7940. 37 .0  0 .830  . . . .  34 .0  . . . .  199. 251. 0 .2  0 .7  0 . 8  O.16 11.2 . . . . . . . . . . . .  34 .2  
HI 10. 2. 27. 0 .707 . . . .  7 .0  4 . 0  54. 130. - . . . . . . . . . . . . . . .  61 .4  
H1 I 0 .  3. 45.  0 .707 . . . .  7 .0  4 . 0  54. t30. - . . . . . . . . . . . . . . .  30 .3  
HI I0 .  6. 28. 0 .678 . . . .  3 .0  3 .0  63.  92, - . . . . . . . . . . . . . . .  48 .9  
HI IO. 7. 47.  0 .678 . . . .  3 .0  3 .0  63.  92. - . . . . . . . . . . . . . . .  24 .8  
111 IO. 9. 28.  0 .723 . . . .  6 .0  1.O 79. 122. - . . . . . . . . . . . . . . .  45 .5  
HI I0 .  11. 49.  0 . 8 1 7  . . . .  17.0 4 .0  201.  255,  - . . . . . . . . . . . . . . .  20.1 
HI 10. 13. 39. 0 .789 . . . .  13.0 2 .0  165. 186. - . . . . . . . . . . . . . .  - 39 .7  
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I1  11 .  
11 1 l .  
I I  I 1 .  
i l  I I .  
I1  I t ,  
I I  11 .  
I I  11 ,  
I1  I 1 .  
12 12 ,  
12 12 ,  
12 12 ,  
12 12 .  
12 12 .  
12 12 .  
12 1 2 .  
12 1 2 .  
12 12 .  
12 12 .  
12 12 .  
12 12 .  
12 12 .  
12 12 .  
12 12 .  
12 12 .  
12 12 .  

STUDY FUEL CETANE DENSITY N ARO, O L E .  lOgPT gOgPT H~ CO NOX P A R T ,  FUEL BAP ALDE. PHEN. SOLUBLE 
INFO ID CODE NO, G/ML PPH VOL ~ VOL ~ BEG ~ BEG C B/KM G / K M  G I K M  G/KM L/]OOKM UG/KM MG/KM MG/KM MG/K~ 

15. 41, 0.786 . . . .  14.0 | . 0  125. 235. . . . . . . . . . . . . . . . .  
16. 42, 0.826 . . . .  28.0 2.0 133, 300, . . . . . . . . . . . . . . . .  
17, 40. 0,879 . . . .  46,0 1,0 267, 320. - . . . . . . . . . . . . . . .  
18. 46. n.A16 . . . .  19,0 2,0 143. 309. - . . . . . . . . . . . . . . .  
19. 52, 4.834 . . . .  23.0 4,0 2 i9 .  314. - . . . . . . . . . . . . . . .  
20. ' 47. 0.845 .... 35.0 3.0 198. 296. - . . . . . . . . . . . . . . .  
2 1 .  5 0 .  0 . 8 5 1  . . . .  3 5 . 0  2 . 0  2 2 2 .  3 1 4 .  . . . . . . . . . . . . . . . .  
2 2 .  4 3 .  0 . 0 4 5  . . . .  3 4 . 0  3 . 0  2 0 3 .  2 9 7 .  - . . . . . . . . . . . . . . .  
2 3 .  4 7 .  O . B S I  . . . .  3 5 . 0  5 . 0  2 2 | ,  3 1 4 .  - . . . . . . . . . . . . . . .  
2 4 .  4 3 .  0 . 8 4 ~  . . . .  3 3 . 0  3 . 0  2 1 3 .  3 0 7 .  - . . . . . . . . . . . . . . .  
2 5 .  4 7 .  0 . 8 4 0  . . . .  2 8 . 0  3 . 0  2 1 4 ,  3 1 1 .  . . . . . . . . . . . . . . . .  
2 6 ,  4 7 .  0 . 8 1 3  . . . .  1 7 . 0  3 . 0  1 9 0 .  2 4 7 .  - . . . . . . . . . . . . . . .  
27. 54. 0.754 . . . .  7.0 .0 I01. 2 3 3 .  - . . . . . . . . . . . . . . .  
2 8 .  4 5 .  0 . 0 4 3  . . . .  2 8 . 0  4 . 0  222. 3 0 3 .  - . . . . . . . . . . . . . . .  
3 0 .  3 1 .  0 . 7 5 9  . . . .  1 3 . 0  1 . 0  8 5 .  2 0 8 .  - . . . . . . . . . . . . . . .  
3 1 .  5 4 .  0 . 7 7 6  . . . .  1 1 . 0  l . O  1 1 7 .  2 4 6 .  - . . . . . . . . . . . . . . .  
3 2 .  4 4 .  0 . 8 6 4  . . . .  4 0 . 0  3 . 0  2 3 3 .  3 1 1 .  - . . . . . . . . . . . . . . .  
3 3 .  5 0 .  0 . 8 3 2  . . . .  2 4 . 0  3 . 0  2 0 4 .  3 0 9 .  - . . . . . . . . . . . . . . .  
3 4 .  4 7 .  0 . 7 5 9  . . . .  1 3 . 0  1 . 0  8 5 ,  2 0 8 .  - . . . . . . . . . . . . . . .  
3 5 .  4 7 .  0 , 7 8 9  . . . .  1 3 , 0  2 . 0  1 6 5 .  1 8 6 .  . . . . . . . . . . . . . . . .  
3 6 .  4 7 .  4 . 7 3 7  . . . .  1 4 . 0  1 . 0  7 9 .  1 4 5 .  - . . . . . . . . . . . . . . .  
4 0 .  3 6 .  0 . 7 8 0  . . . .  2 . 0  2 . 0  2 1 5 .  2 3 3 .  . . . . . . . . . . . . . . . .  
4 3 .  5 2 .  0 . 0 4 9  . . . .  1 9 . 0  . . . .  2 2 1 .  3 5 8 .  - . . . . . . . . . . . . . . .  
46. 00. 0.840 . . . .  0.1 . . . .  190. 320. - . . . . . . . . . . . . . . .  

1.  5 1 . 0  0 . 0 0 9  . . . .  1 9 . 9  . . . .  1 9 7 ,  2 5 6 .  - . . . . . . . . . . .  0 . 2 9 8  . . . . . . . . . . . . . . . .  6 2 , 2  
2 .  4 8 , 0  0 . 8 5 1  . . . .  3 2 . 7  . . . .  2 0 9 .  3 1 7 ,  - . . . . . . . . . . .  0 . 4 3 5  . . . . . . . . . . . . . . . .  9 3 . 2  
3 .  5 2 . 2  0 . 0 6 4  . . . .  2 0 . 8  . . . .  2 6 2 .  3 6 4 .  - . . . . . . . . . . .  0 . 6 3 5  . . . . . . . . . . . . . . . .  5 1 1 .  
4 .  4 5 . 3  0 . 8 8 3  . . . .  3 3 . 7  . . . .  2 7 1 ,  3 6 3 .  - . . . . . . . . . . .  0 . 8 2 7  . . . . . . . . . . . . . . . .  3 6 0 .  
5 .  4 7 , 7  0 . 8 7 1  . . . .  3 2 . 1  . . . .  2 5 4 .  3 4 9 .  - . . . . . . . . . . .  0 . 6 3 4  . . . . . . . . . . . . . . . .  1 9 3 .  
6 .  4 0 . 5  0 . 8 9 9  . . . .  4 7 . 0  . . . .  2 6 1 ,  3 6 4 .  - . . . . . . . . . . .  0 . 9 1 4  . . . . . . . . . . . . . . . .  3 4 2 .  
7 ,  4 8 . 2  0 . 8 4 3  . . . .  9 . 7  . . . .  2 5 8 .  3 5 4 .  - . . . . . . . . . . .  0 . 3 9 2  . . . . . . . .  . . . . . . . .  1 3 0 .  
8 .  3 2 . 6  0 , 9 1 8  . . . .  5 7 . 7  . . . .  2 5 4 .  3 6 7 .  - . . . . . . . . . . .  0 . 9 8 8  . . . . . . . . . . . . . . . .  4 4 7 .  
9 ,  4 0 . 0  0 . 7 7 5  . . . .  1 2 . 4  . . . .  1 1 2 .  2 2 4 .  - . . . . . . . . . . .  0 . 2 9 2  . . . . . . . . . . . . . . . .  5 3 . 4  

10 .  2 0 , 0  0 . 8 7 2  . . . .  5 7 . 7  . . . .  1 7 7 .  3 4 6 .  - . . . . . . . . . . .  0 . 9 1 4  . . . . . . . . . . . . . . . .  2 5 5 .  
11 ,  2 9 . 0  0 . 7 8 2  . . . .  1 . 7  . . . .  2 1 1 .  2 4 6 ,  . . . . . . . . . . . .  0 . 1 9 3  . . . . . . . . . . . . . . . .  3 5 . 4  
12 .  7 1 . 1  0 . 8 2 9  . . . .  Q . 3  . . . .  3 0 9 .  3 6 5 .  - . . . . . . . . . . .  0 . 3 4 8  . . . . . . . . . . . . . . . .  1 4 0 .  
13 .  4 6 , 0  0 . 7 9 5  . . . .  4 . 4  . . . .  2 2 l ,  3 4 2 .  - . . . . . . . . . . .  0 . 2 6 1  . . . . . . . . . . . . . . . .  1 1 6 .  
14 .  5 2 , 6  O.BOB . . . .  O.O . . . .  2 3 1 .  3 5 7 .  - . . . . . . . . . . .  0 . 3 0 5  . . . . . . . . . . . . . . . .  1 1 7 .  
15 .  3 2 . 0  0 . 8 7 2  . . . .  4 5 . 1  . . . .  1 9 1 .  3 2 8 .  - . . . . . . . . . . .  0 . 5 0 6  . . . . . . . . . . . . . . . .  1 5 0 .  

I .  5 1 . 0  0 . 8 0 9  . . . .  1 9 . 9  . . . .  1 9 7 .  2 5 6 ,  ~ . . . . . . . . . . .  0 . 2 4 2  . . . . . . . . . . . . . . . .  3 | o l  
2. 4 8 , 0  0 . 8 5 1  . . . .  3 2 . 7  . . . .  2 0 9 .  3 1 7 .  - . . . . . . . . . . .  0 . 3 1 1  . . . . . . . . . . . . . . . .  6 1 . 5  
4 ,  4 5 . 3  0 . 8 8 3  . . . .  3 3 . 7  . . . .  2 7 1 .  3 6 3 .  - . . . . . . . . . . .  0 . 4 2 3  . . . . . . . . . . . . . . . .  1 5 4 .  
7 .  4 8 . 2  0 . 8 4 3  . . . .  9 . 7  . . . .  2 5 8 ,  3 5 4 .  - . . . . . . . . . . .  0 . 2 4 2  . . . . . . . . . . . . . . . .  6 4 . 6  

11 .  2 9 . 0  0 . 7 8 2  . . . .  1 . 7  . . . .  2 1 1 .  2 4 6 .  - . . . . . . . . . . .  0 . 1 5 5  . . . . . . . . . . . . . . . .  2 9 . 2  
13 .  4 6 . 0  0 . 7 9 5  . . . .  O.O . . . .  2 2 1 .  3 4 2 ,  - . . . . . . . . . . .  0 . 1 7 4  . . . . . . . . . . . . . . . .  4 1 . 6  

1. 5 1 . 0  0 . 8 0 9  . . . .  1 9 . 9  . . . .  1 9 7 ,  2 5 6 .  - . . . . . . . . . . .  0 . 1 4 3  . . . . . . . . . . . . . . . .  6 0 , 9  
2 .  4 8 . 0  0 . 8 5 1  . . . .  3 2 . 7  . . . .  2 0 9 .  3 1 7 .  - . . . . . . . . . . .  ~ 0 . 1 8 0  . . . . . . . . . . . . . . . .  6 2 . 8  
B ,  3 2 . 6  0 , 9 1 8  . . . .  5 7 , 7  . . . .  2 5 4 ,  3 8 7 .  - . . . . . . . . . . .  0 . 3 2 9  . . . . . . . . . . . . . . . .  2 0 4 .  

11 .  2 9 . 0  0 . 7 8 2  . . . .  1 . 7  . . . .  2 1 1 .  2 4 6 .  - . . . . . . . . . . .  0 , 0 8 1  . . . . . . . . . . . . . . . .  4 4 , 7  
12 .  7 1 . 1  0 . 8 2 9  . . . .  0 . 3  . . . .  3 0 9 .  3 6 5 ,  . . . . . . . . . . . .  0 . 1 1 8  . . . . . . . . . . . . . . . .  7 1 . 5  
15.  3 2 . 0  0 . 8 7 2  . . . .  4 5 . 1  . . . .  1 9 1 .  3 2 0 .  - . . . . . . . . . . .  0 . 2 2 4  . . . . . . . . . . . . . . . .  1 2 2 .  

I .  5 | . 0  0 . 0 0 9  . . . .  1 9 . 9  . . . .  1 9 7 .  2 5 6 ,  - . . . . . . . . . . .  0 , 2 6 7  . . . . . . . . . . . . . . . .  4 5 . 0  
2, 48 .0  0 . 8 5 1  . . . .  3 2 . 7  . . . .  2 0 9 .  3 1 7 ,  - . . . . . . . . . . .  0 . 3 2 3  . . . . . . . . . . . . . . . .  5 0 . 3  
4 .  4 5 . 3  O.BB3 . . . .  3 3 . 7  . . . .  2 7 l .  3 6 3 ,  - . . . . . . . . . . .  0 . 3 2 9  . . . . . . . . . . . . . . . .  8 4 . 6  

I I .  2 9 . 0  0 . 7 8 2  . . . .  1 . 7  . . . .  2 1 1 .  2 4 6 .  - . . . . . . . . . . .  0 . 1 7 4  . . . . . . . . . . . . . . . .  3 6 . 7  
12 .  7 1 . 1  0 . 0 2 9  . . . .  0 . 3  . . . .  3 0 9 .  3 6 5 .  - . . . . . . . . . . .  0 . 1 7 4  . . . . . . . . . . . . . . . .  3 9 . 2  

J l  13 .  3 2 9 .  " 5 0 ,  I 0 . 8 3 7  4 8 .  2 1 . 3  1 . 7  2 1 9 .  2 1 9 .  0 . 3 1  1 , 0 3  0 . 8 2  0 . 2 5 5  8 . 5 2  2 . 0  1 2 . 0  8 . 0  1 4 0 .  
J I  13 .  4 6 9 .  4 0 . 0  0 . 8 4 9  . . . .  3 9 . 1  0 . 9  3 0 7 .  3 1 5 .  0 . 3 5  1 . 1 8  0 . 0 7  0 , 2 8 0  8 , 5 9  ! . 1  1 0 . 9  1 5 . 7  1 5 6 .  
J 2  14 .  3 2 9 .  5 0 . 1  0 . 0 3 7  4 8 .  2 1 . 3  1 . 7  2 1 9 .  2 1 9 .  0 . 2 4  0 . 0 4  1 . 2 7  0 . 1 6 2  1 0 . 3 6  1 .1  9 . 3  2 6 , 7  6 0 . 2  
J 2  14 .  4 6 9 .  4 0 . 0  0 . 0 4 9  . . . .  3 9 . 1  0 . 9  3 0 7 .  3 1 5 .  0 . 3 0  O.9O 1 . 2 6  0 . 2 0 5  1 0 . 2 3  3 . 4  5 . 2  8 . 8  0 0 . 5  



STUDY FUEL CETANE DENSITY N ARO. OLE. IO~PI" 90~IPT llC CO NOX PART,  FUEL BAP ALOE. PHEN. SOLUBLE 
INFO ID CODE NO. C~/ML PPM VOL ~{ VOL ~ DEG C DEG C G/KM (; / I (M C,/KM C,/KM L/IOOKM DG/KM MG/KM MG/KM MG/KM 

........................................................................ 
3~--,5. 329. 50., 0.,37 4,. ; ~ i  ,.7 ;;~. 2,9. 0. ,2 0.65 0.64 0.23630.69 ~.3-- , . ,  ~.~ 2 , . ;  
J3 ,5. 469. 40.0 0.,49 . . . .  59., 0.9 307. 3,5. 0. ,3 0.69 0.65 0.27310.64 0.5 0.5 9.7 37., 
KI ,6. ~29. 50. 0.,37 4,.  2, .3 ,.7 219. 302. 0.3, 0.96 0.66 0.249 6.~7 ,4.9 ,4. ,~. 44., 
K, 16. 4~3. 49. 0 . , ~  ~. ~B.5 2.,  236. 29~. 0.3, , .06 0.67 ~.~74 ~.6~ 34.0 9. , , .  4, .6 
~, ,6. ,7~. 4, .  0.,00 1. 2~.0 ~. ,  , ,9 .  22,. 0.3, ,.20 0.70 0.~50 6.6~ 3,.6 13. 0.5 30.4 
KT 16. 474. 42. O.B7O 1600. 54.9 1.4 234. 330. 0.3g 1.21 0.03 0.32'1 6.23 44.1 B. `14. 56.6 
K1 16. 476. 35, 0.806 I000. 16.2 0.0 53. 303. 0.68 `1.30 0.65 0.208 6.64 30.2 12. 2. 52.4 
K1 16. 478. 30. 0.867 2000. 39.9 1.2 209. 30~. 0.60 1.31 0.76 0.394 6.45 10.0 2. 12. lOI.  
KI 16. 402. 44. 0.056 267. 36.4 0.0 207. 316. 0.33 1.14 0.7.5 0.20'1 6. t l  24.3 3. 24. 36.7 
K'1 16. 485. 45. 0.833 '142. 25.5 0.5 '157. 302. 0.34 1.16 0.76 0.299 6.59 8.7 . . . . . . . . . . . .  
KI 16. 527. 50. 0.804 '1. 24.0 0.0 200. 392. 0.32 1.00 0.64 0.22t  6.35 19.6 2. 0.0 43.3 
KI 16. 526. 42. 0.861 900. 37.2 1.2 2`12. 316. 0.36 1.12 0.71 0.282 6.18 19.0 0.0 0.0 47.8 

U 
I 

O3 



ID 
I 

~O 

STUDY FUEL 
INFO ID CODE 

AI 1. 395. 
AI  ! .  4Ul .  
AI 1. 404. 
AI I .  405. 
A1 1, 430, 
AI I .  434. 
AI I. 438, 
AI I .  448, 
AI I. 460, 
A1 1. 461, 
AI 1. 4 6 3 .  
81 2, 230. 
81 2. 2390, 
81 2. 240. 
81 2. 241, 
01 2. 242. 
82 3. 238. 
82 3. 239. 
B2 3 ,  240. 
82 3, 241. 
82 3, 242, 
C1 4. 1. 
01 4. 2. 
C1 4. 3. 
Cl 4. 4, 
01 5, 20. 
01 5. 2. 
01 5. 1. 
f1 6. 1. 
f l  6 .  4 .  
FI 6. 5. 
F1 6, 6. 
F2 7. 1, 
F2 7, 5. 
F2 7, 6 .  
01 8. 7812. 
01 8. 7938 .  
01 8. 7941. 
G1 8. 8017, 
01 8. 7939. 
01 8. 7942. 
01 8. 7926. 
01 8. 7 9 4 3 .  
01 8. 7940. 

• 02 9, 7812. 
02 9. 7938, 
02 9. 7941. 
02 9, 8017. 
02 9. 7939. 
02 9. 7942. 
02 9 .  7926. 
02 9. 7943. 
02 9. 7940. 

DENS ITY 
G/HL 

.793 

.800 
,794 
.795 
• 796 
.825 
• 793 
,703 
.815 
.791 
•826 
.845 
,844 
• 806 
,861 
.831 
.845 
.844 
• 806 
.861 
,831 
.806 
• 832 
.844 
,84.3 
.850 
,847 
.835 
•829 
.809 
,840 
,800 
,829 
.840 
.800 
• 784 
,810 
.820 
.811 
,823 
,819 
,852 
.835 
.830 
•784 
,010 
,820 
.811 
.823 
,819 
.852 
.835 
,830 

NO 
NORM 

.5960 

.7285 

.5299 

.5298 
•5g60 
.7947 
•5969 
. 7 2 8 5  
,8fi09 
.5298 
•8609  
.7101 

1•1243 
•5325 

1.1834 
.7101 
.4639 
.5155 
.4381 

1.8299 
,5155 
.7292 
.6597 

1.0069 
1.0417 

.8876 
1.2426 
1.5385 

.1800 
•214g 

1,0105 

1.2673 
.6912 
.6682 

.7692 

,7592 
.7692 
.7692 

I .5385 
•7692 

21.2121 
3.0303 
3,0303 
6•0606 
3 . 0 3 0 3  
3,0303 
6.0606 
6 . 0 6 0 6  
6.0806 

NOX PART, FUEL 
NORM NORM NORM 

.7123 .5498 .9895 

.8072 .4855 ,9990 
,7217 •b209 .9937 
,8452 •5209 1.0031 
,7977 •5788 1.0209 
,0357 .6817 ,9958 
.8072 .4984 1.0293 
,7787 .4566 .9948 
.8737 .7042 1.00OO 
,8167 .5113 1.0073 
,9877 .9220 1.0063 

1.2601 .9620 .9438 
1.2763 .9181 °9572 
1,1793 .6871 •9471 
1.4216 1.1111 1.0440 
1.3732 .8538 1.0440 

,9704 o8123 .9706 
1.0691 .7870 .9519 
,9375 .6390 .9706 
,9539 1.3538 1.O488 

1.0382 .7004 1.0012 
,7292 .7700 ,8919 
.7422 1.0267 .9310 

1.0677 . 8 2 3 3  .9902 
,9310 1.0533 ,9924 

1.0071 .9609 1.0181 
.9834 1.0447 .9739 
.9597 .9944 .9840 

I . I 1 9 2  . . . .  I .O106 
1.1192 . . . .  1.0492 

,9246 . . . .  1.0288 
°9732 . . . .  1.0756 
.8735 . . . .  .9567 

1.0191 . . . .  1•0088 
.8735 . . . .  .9614 

1.0384 .9402 1.0568 

1.1423 I •1966 I •1062 
.9346 .9402 ,9879 

1.0384 1.0256 1.0074 
. 9 3 4 6  .9402 1.0074 
,9346 .9402 .9679 

1,1002 .5682 . . . .  
.8557 .7955 .9695 
.9780 °8523 1.0215 

1.1002 •6818 . . . .  
.9780 .7386 ,9695 
.9780 •7955 1,1340 

1.1002 1.0795 1.0215 
.9780 .7955 .9695 
,9780 ,909!  .9695 



U 
I 

I--' 
0 

STUnY FUEL DENSITY 
INFO 10 CODE G/ML 
...................................... 

HI 
14 1 
141 
Hl 
II| 
111 
H I 
H I 
111 
HI 
HI 
HI 
HI 
11 1 
Ill 
Nl 
III 
HI 
HI 
HI 
HI 

I 0 .  
I 0 .  
10. 
I0 .  
10. 
I 0 .  
I 0 .  I~ .  
I 0 .  15. 
I 0 .  16. 
10. 17. 
I0 .  18. 
I 0 .  19. 
I0 .  20. 
I0 .  21. 
I0. 22. 
I0 ,  23. 
I 0 .  24. 
I 0 .  25.  
I0. 26.  
10. 27. 
I0. 28.  
I0 .  30, 
I 0 .  31. 
10. 32. 
10. 33. 
10. 34. 
I0 .  35. 
I0 .  36. 
I 0 .  40.  
10. 43. 
I 0 .  46. 
11. I. 
11. 2. 
I1 .  3. 
I I .  4.  
11. 5. 
I. 6. 
I. 7. 
I. 8. 
I. 9. 
I. 10. 
I. t l .  
I .  12. 
I. 13. 
1. 14. 
1. 15. 

2. .707 
3.  .707 
6. .678 
7. .678 
9.  .723 

11. .017 
789 
706 
026 
079 
816 
034 
045 
851 
845 
051 
048 
840 
013 
754 
843 
759 
776 
864 
032 
739 
709 
737 
700 
849 
840 
809 
851 

864  
8 0 3  
871 
099 
843 
918 
775 
872 
702 
829 
795 
8O8 
872 

HC 
NORM 

4.7196 
2.1729 
4.5561 
1.9626 
1.1602 

.1636 

.1636 
4.0421 
1.0981 

.0079 
2.8037 
1.1602 
2 .5935 
1.7290 
1.1916 

.3730 

.4206 

.2804 

. I 1 6 8  

.2804 

.3505 
32.52~4 

.7944 

.3037 

.3972 

.5140 

.3972 

.8170 

.116B 

.6776 

.2336 

NOX PART. FUEL 
NORM NORM NORM 

1.4413 .5592 .9702 
1.0401 .g174 .9052 
.9609 .5894 .9961 
.g014 .0365 .9571 

1.1194 .9129 .9439 
.8370 1.1048 .9727 
.7033 T.0172 .9127 
.9212 .6250 .9883 

1.2729 o9371 .9922 
1.3422 1.1502 1.0070 
1.0253 1.1093 1.0023 
1.0599 .9378 1.1403 
1.1441 .8826 .9758 
1.0599 .9892 .9260 
1.0203 .7481 .9712 
1.1095 .9091 .9673 
.9559 .8698 .9478 

1.0599 .8501 °9906 
.9056 .0932 .9049 
.0470 .8600 .0527 
.9312 1.1955 1.0585 

1.4859 .6499 I . I 0 5 2  
1.2729 .9537 .9556 

.8321 1.0074 .9060 
1.0550 1.0149 .9587 
1.0797 1.1124 .9657 
1.0451 1.1486 .9704 
1.0896 1.0058 .9509 
.5002 .7617 .9790 
.6935 1.1603 1.1502 
.0123 .0603 1.0663 
. . . .  .5293 . . . .  
. . . .  .7726 . . . .  
. . . .  I .  1279 . . . .  
. . . .  1.4689 . . . .  
. . . .  1.1261 . . . .  
.... 1.6234 .... 
. . . .  .6963 . . . .  
. . . .  1.7549 . . . .  
. . . .  .5187 . . . .  
. . . .  1.6234 . . . .  
. . . .  .3428 . . . .  
. . . .  .6181 . . . .  
. . . .  .4636 . . . .  
. . . .  .5417 . . . .  
. . . .  1.0053 . . . .  



U 
i 

i.= 

STUDY FUEL DENSITY 
INFO ID CODE G/ML 

12 12. 1. .809 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
J1 
J1 
J2 
J2 
J3 
J3 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

12. 2. .851 
12. 4. .883 
12, 7. .843 
12. 11. .7fl2 
12. 13. .795 
12. 1, ,809 
12. 2. .851 
12. 8. .918 
12, I I .  ,782 
12. 12. .82g 
12. 15. ,872 
12. 1. .809 
12. 2, .851 
12. 4. ,883 
12. I1. .T82 
12, 12, ,829 
13, 329, ,837 
13. 469. .84g 
14. 329. .837 
14. 469. ,849 
15. 32g. .837 
15. 469, ,849 
16. 329, .857 
16. 453. .835 
16, 473. ,808 
16. 474. .B70 
16, 476. .806 
16. 478, .867 
16, 482, ,856 
16. 485. .833 
16. 527, ,804 
16. 526. .861 

II~ NOX PART. FUEL 
NORM NORM NORM NORM 

. . . . . . . .  ,g4go .... 

. . . . . . . .  1,658A .... 

. . . . . . . .  .94g0 .... 

. . . . . . . .  .6078 .... 

. . . . . . . .  .6824 .... 

. . . . . . . .  .5608 .... 

. . . . . . . .  .7059 .... 

. . . . . . . .  1.2902 .... 

. . . . . . . .  .3176 .... 

. . . . . . . .  .4627 .... 

. . . . . . . . .  .8784 .... 

. . . . . . . .  1.0471 . . . .  

. . . . . . . .  1.2667 . . . .  

. . . . . . . .  1.2902 . . . .  

. . . . . . . .  .6824 .... 

. . . . . . . .  .6824 .... 

.8782 .9393 .9043 ,g912 

.9915 .9966 .992g .9993 

.7869 1.0087 .7751 1.0158 

.9836 1.0008 .9809 1.0011 

.9160 .9831 ,8551 1,0051 

.9924 .9985 .9891 1.0004 
,778g .9016 .8328 1.0020 
.7789 .9153 .9164 1.042g 
,9548 .g563 .8361 1,0414 
,g79g 1.1339 1,0736 .go00 

1.7085 .8880 °6957 Io0445 
1.5075 1.0383 1.3177 1.0146 
.8291 .9973 .9398 .9611 
.8545 1.0383 I.OOO0 1.0367 
.8040 .8743 .7391 .9989 
.9045 .g69g .9431 .9722 



I 

['O 

STUDY F U E L  CETANE 
INFO ID CODE NO. 
. . . . . . . . . . . . . . . . . . . . . . . .  
AI 1. 395, 62.0 
^1 1. 401. 55.0 
A| I ,  404. 62.0 
AI 1. 405. 61.0 
AI I, 430. 63.0 
A1 I. 434. 44,0 
A1 I .  430, 64.0 
AI I. 448. 56.O 
AI 1. 460. 46.0 
AI f .  461. 68.0 
^ ! I. 463. 60.0 
III 2. 238. 53.0 
B1 2. 2390,~ 47.0 
B1 2. 240. 47.0 
R1 2. 241. 41.0 
B ! 2. 242. 50.0 
02 3. 238. 53.0 
02 3. 239. 47.0 
B2 3. 240. 47.0 
02 3. 241. 41.0 
B2 3. 242. 50.0 
C1 4. I. 47.0 
CI 4, 2. 47,0 
CI 4. 3. 49.0 
C! 4. 4. 49.0 
DI 5. 20. 50.0 
DI 5. 2. 47.0 
01 5. 1. 48.0 
FI 6, I .  48.4 
F1 6. 4. 50.0 
FI 6. 5. 43.5 
F I 6. 6. - - - -  
F2 7. I .  48.4 
F2 7. 5. 43.5 
F2 7. 6. 
o, 8 78,2. ; ; .o  
GI 8. 7938. 45.7 
01 8. 7941. 47.7 
GI B. 8OI7. 44.9 
GI 8. 7939. 41.2 
GI 8. 7942. 41.1 
GI 8. 7926. 44.2 
G1 B. 7943. 39.8 
GI 8. 7940, 37.0 
G2 9. 7012. 61.0 
G2 9. 7938. 45.7 
02 9. 7941. 47.7 
G2 9 .  8017. 44.9 
02 9. 7 9 3 9 .  41.2 
G2 9 .  7942. 41.4 
G2 9. 7926. 44.2 
G2 9. 7943. 39.8 
G2 9. 7940, 37.0 

HC CO 
NORM NORM 

.7250 .9028 

.BB71 .0601 

.6452 .8160 

.6452 .7986 

.7258 .9028 

.9677 I.O243 

.7258 .8533 

.0071 .0333 
1,O484 1,0417 
.6452 .8160 

1.0484 1.1450 
.8100 .8920 

1.2838 1.0016 
.6081 .0920 

1.3514 I . I I I I  
.8100 1.0642 
.5660 .8277 
.6289 .8615 
.5346 .9291 

2.2327 1.3682 
.6289 .8784 

1.0500 1o0127 
.9500 ,9873 

1.45OO 1.1139 
1.5OOO 1.1392 
.6250 .7727 
.8750 .9545 

1.0033 1.0000 
.3543 .6947 
.4229 .7241 

1.9006 1.4677 
. . . .  .0513 

1.1482 1.0140 
.6263 .9646 
.6054 .8904 

.99OI . 9 5 6 9  

.9901 .9569 

.9901 .9569 

.9901 1.1962 
1.9802 1.4354 
.990I 1.1962 

2.6923 1,5740 
.3846 . 6 5 6 2  
.3846 .7874 
.7692 .9186 
.3046 .7874 
.3046 .7074 
.7692 1.1011 
,7692 .7874 
,7692 .9 i86  

SOLUBLE 
NORM 

.9708 

.8522 

.7803 

.6113 
,8234 
.9924 

1.02f2 
.9601 

1.0859 
.9421 

1.2477 
1,2313 
1.0266 
.9494 
.9629 
.8756 
.7049 
.8320 
.768 5 

1.6872 
.7627 

1.0000 

1.0335 

,7399 

1.2152 
.9775 

1,5257 
.7399 

1.2152 
f.0092 
1.0396 
1.1334 
.7006 
,8342 

1.4503 
1.0244 
.7556 
.8672 



U 
I 

HI 10. 6.  28 ,0  2 ,52~2 . . . .  1.3120 
I1| 10. 7. 4 7 . 0  1.0895 . . . .  .6654 
HI 10, 0. 28 .0  .5485 . . . .  1.2208 
141 I0 .  11. 49 .0  ,O90U . . . .  .5393 
I I I  I 0 .  13. 39 .0  .0900 . . . .  1.0652 
HI 10. 15. 41 .0  2 .2438  . . . .  1.2654 
l t l  10. 15. 4 2 . 0  .5096 . . . .  1.1672 

HI  10o 17. 4 0 . 0  .4929  . . . .  .9498 
HI 10. 18. 46 .0  1,5554 . . . .  .9767 
H1 10o l g ,  5 2 , 0  " 6 4 8 5  . . . .  .5661 
HI I 0 .  20. 47 .0  1.4397 . . . .  .6922 
FII i 0 .  21, 50 .0  ,9598 . . . .  1.2235 
HI I 0 ,  22, 43 .0  .6615 . . . .  1.3013 
HI !0 ,  23, 4 7 , 0  ,2075 . . . .  1,1135 
Ht I 0 ;  24.  4 3 . 0  .2335 . . . .  1.2396 
HI I 0 .  25. 4 7 . 0  .1555 . . . .  °8666 
HI 10, 26, 4 7 . 0  ,0649 . . . .  .7459 
HI | 0 ,  27. 54 ,0  .1556 . . . .  1.0706 
HI lO, 28. 4 5 . 0  ,1946 . . . .  
HI 10o 30, 3 1 . 0  18.0545 . . . .  1.2772 
l t l  I 0 .  31.  54 .0  .4410 . . . .  .5849 
HI lO. 32.  4 4 . 0  .1686 . . . .  .9015 
H1 I 0 ,  33, 50 .0  .2205 . . . .  o8318 
HI I 0 .  34. 47°0  .2853 . . . .  .9257 
HI IO. 35.  4 7 . 0  ,2205 . . . .  °7513 
HI I 0 ,  36.  4 7 . 0  .4540 . . . .  1.3255 
HI I 0 .  40. 3 6 . 0  .0649 . . . .  
HI I 0 .  43.  52°0 .3761 . . . .  °9606 
H1 I0 .  45.  80 .0  ,1297 . . . .  1.4060 
I1 11, 1, 51 ,0  
I I  11. 2.  48.0 . . . . .  7 " "  .3428 
I1 I I ,  3, 52.2 : : : :  . . . .  .s136 
I1 11. 4.  4 5 . 3  . . . .  " ' ' "  1.7138 
I I  11. 5. 4 7 . 7  . . . .  1,9838 

. . . . . . . .  1.0635 
I I  11. 6. 40 .5  . . . . . . . .  1.8845 
I I  I 1 ,  7. 4 0 , 2  . . . . . . . .  ,7154 
I1 11, 8.  32 .6  
II 11. 9.  40.0 . . . . . . . .  2.4632 

. . . . . . . .  .2943 I1 11. I0, 28 .0  
i l  I1o I I .  2 9 . 0  : : : :  . . . .  1 .4052 
I1 I I .  12. 71.1  . . . .  - ' - "  .1951 
l i  11. 13o 46°0  . . . .  .7715 

. . . . . . . .  .6392 
11 11, 14. 52.5  ........ °6447 
I I  11. 15. 3 2 . 0  ........ .8265 

STUD? F U E L  CETA~IE tic CO ~OLUBLE 
I rfl=O ID CODE ~10o ~ORM ~DRH NDRM 

, I  I o  2 2 7 0  . . . . .  ~ ; ; ; ;  : =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ; ; J ;  
.I 1o. 3. 4~.o I.~O~2 .... .s13o 



U 
! 

STUDY FUEL 
INFO ID CODE 

12 12. 1. 
12 12. 2. 40 ,0  
12 12. 4. 45 .3  
12 12. 7. 48 .2  
12 12, I I .  29 .0  
12 12. 13. 46 .0  
12 12. I .  51.0 
12 12. 2.  48 .0  
12 12. O. 32 .6  

1 2  12. I I .  29 .0  
12 12. 12, 71.1 
12 12, 15, 32 .0  
12 12. 1. 51.0 
12 12. 2. 48 .0  
12 12. 4. 45 .3  
12 12. 11. 29 .0  
12 12. 12. 71 . I  
J1 13. 329. 50.1 
J1 13. 469.  48 .0  
J2 14. 329.  50.1 
J2 14. 469. 40 .0  
J3 15. 329. 50.1 
J3 15. 469. 40.0 
K I 16, 329. 50.0 
K I 16. 453. 49 .0  
KI 16. 473. 45 .0  
K1 16. 474. 42 .0  
KI  16. 476. 35 .0  
KI 16. 478. 38 .0  
KI 16. 482. 44 .0  
KI 16. 485, 45 .0  
KI 16. 527. 50 .0  
KI 16. 526. 42 .0  

CETANE HC CO 50LUBLE 
NO. NORM NOflM NORM 

............................................................................... 

51.0  . . . . . . . .  .4534 
. . . . . . . .  .8966 
. . . . . . . .  2 .2452 
. . . . . . . .  .9418 
. . . . . . . .  .4257 
. . . . . . . .  .6065 
. . . . . . . .  .8679 
. . . . . . . .  .9156 

. . . . . . . .  2.9742 

. . . . . . . .  .6517 

. . . . . . . .  1.0424 

. . . . . . . .  1.7787 

. . . . . . . .  °6707 

. . . . . . . .  .7333 

. . . . . . . .  .9418 

. . . . . . . .  ,5351 

. . . . . . . .  .5715 

.8401 .0233 .8556 

.9485 .9432 .9534 

.7295 .8023 ,5903 

.9119 .9360 .8679 

.8889 .9160 .6822 

.9630 .9732 .8975 

.9309 .8767 .9902 

.9309 .9680 1.0742 
1.1411 1 .0959 .6719 
1.1712 1.1050 1.2510 
2 .0420 1.2603 1.1582 
1,8018 1.1963 2.2323 

,9910 1.0411 .8112 
1.0210 1.0594 . . . .  

.9610 .9063 .9570 
1.0011 1,0228 1.0565 



I 

U1 

STUOY FUEL N CO 8AP SOLUBLE 
INFO ID CODE PPM NDRH ~IORH • NORM 

^1 ' ' . % 9 8 1  . . . . . . .  ;i;;;; 1.0092 A1 1° 401. 1. .9597 .8750 .8859 AI 
AI 
^I 
AI 
AI 
AI 
AI 

A I  
At 
Bl 
BI 
Bl 
Bl 
BI 
B2 
82 
B2 
B2 
B2 
Cl 
Ol 
01 
Ol 
DI 
DI 
DI 
FI 
Fl 
FI 
FI 
F2 
F2 
F2 
GI 
01 
GI 
GI 
01 
Sl 
61 
61 
Gl 
02 
82 
62 
62 
62 
62 
62 
62 
62 

1. 404. 
1. 405. 
I .  430. 
I .  434. 
! .  438. 
I .  448. 
I .  460. 
I .  461. 
I .  463. 
2. 238. 
2. 2390, 
2. 240, 
2. 241. 
2. 242. 
3. 238. 
3. 239. 
3. 240. 
3. 241. 
3, 242, 
4, I ,  
4. 2. 
4° 3, 
4, 4. 
5. 20. 
5. 2. 
5, 1, 
6, 1. 
6. 4. 
6. 5. 
6. 6. 
7, 1. 
7. 5, 
7, 6. 
B, 7812. 
8, 7938° 
8, 7941. 
8. 8017. 
8. 7939, 
8. 7942. 
8. 7926. 
8. 7943. 
B. 7940. 
g. 7812. 
9. 7938. 
9. 7941. 
9. 8017. 
g. 7939. 
g. 7942. 
9. 7926. 
9. 7943. 
9, 7940. 

479, 
930. 
493. 

5. 
1. 
I ,  
I .  
I .  

718,, 
50. 
50. 
60. 

240. 
80. 
50. 
50. 
60. 

240. 
80. 

_--.-- 

.g021 .5208 .8111 

.~829 .7292 .6354 

.g901 ~.0000 .8560 
1.1324 .7708 1.0317 
,9213 .4375 1.0616 
.9213 1.0625 .9980 

1.1516 1.5208 1.1288 
.9021 .8958 .9793 

1.2668 .8958 1.2971 
.9120 1.0183 1.2104 

1.0240 1.2010 1.0092 
.9120 .8355 .9333 

1.1360 1.6188 .9465 
1.0880 .6005 .8608 
.8909 .7772 .8092 
.9273 .9147 .9551 

1.0000 .8116 .8821 
1.4727 2.5034 1.9367 
.9455 .7221 .8755 



I f--, 

5TUDT FUEL N CO IIAP SOLUBLE 
INFO ID CODE PPH NORM NORM NORM 
.............................................................................................. 
H 1 
H1 
H1 
H 1 
H I 
HI 
H ! 
HI 
I l l  
I l l  
HI 
HI 
HI 
B 1 
H1 
HI 
HI 
HI 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H1 
HI 
HI 
I1 
I I  
I1 
I I  
11 
I I  
I1 
I I  
I1 
I1 
I I  
I I  
I I  
I !  
I I  

10, 2o 
I0= 3o 
I0 ,  6. 
I0o 7. 
I0o 9. 
I0,  I I ,  
I0,  13. 
I0 .  15. 
IO. 16. 
IO, 17. 
I0.  18, 
I0.  19. 
tO. 20.  
10. 21. 
I0 .  22.  
I0,  23,  
I0 ,  24,  
I0 .  25.  
IO. 26,  
I0 ,  27° 
10, 20.  
I0 .  30.  
I0.  31.  
I0 .  32. 
lB. 33. 
IO. 34. 
I0.  35. 
I0o 36.  
10. 40.  
I0 .  43,  
I0. 46.  

I 1. 
I 2. 
I 3. 
I 4. 
I 5. 
l 5. 
I 7. 
Io 8. 
Io 9. 
1. 10. 
I .  I I ,  
I .  12, 
I .  13. 
I .  14. 
I .  15. 



I 
I - '  
, . j  

STUDY FUEL ff 
I~IFO IO CODE PPM 
................................................ 
12 12. 1. - - - -  
12 12. 2.  - - - -  
12 12. 4° - - - -  
12 12. 7° - - - -  
12 12. 11, - - - -  
12 12, 13. - - - -  
12 12. I .  - - - -  
12 12, 2.  - - - -  
12 12. 8o - - - -  
12 12. 11. - - - -  
12 12. 12. - - - -  
12 12. 15. - - - -  
12 12. 1. - - - -  
12 12. 2 .  - - - -  
12 12. 4.  - - - -  
12 12, 11, - - - -  
12 12. 12, - - - -  
J t  13, 329.  48.  
J l  13, 469. - - - -  
J2 14. 529.  48 .  
J2 14. 469. - - . -  
J3  15. 329.  48.  
J 3  1 5 .  4 6 9 .  ' . . . .  
K 1 16, 329, 48. 
K I 1 6 .  453. 5 .  
KI 16. 473.  1. 
KI  | 6 .  474, 1600, 
K I  |6.  476. 1000. 
K1 16. 478° 2000.  
K I  16. 482.  267.  
l { l  16. 485.  142. 
K| 16. 527. 1. 
KI 16. 528. 980.  

CO BAP SOLUBLE 
rIORM NORM tlORM 

.............................................. 

.8680 

.9584 
1.0850 
1.Og40 
1,2477 
1,1844 
1.0307 
1.0488 

,9765 
l . 0 1 2 7  

°6452 1,1507 
1,4722 1.2483 
Io3683 °7808 
1.9095 1.4537 
1,3076 1.3459 

,4330 2.5941 
1.0522 .9426 

.3767 - ~ - -  

.8487 1.1121 

.8227 1.2277 



U 
1 

STUDY FUEL ARO. 
INFO IO  CODE VOL 
................................................ 
AI 
AI 
AI 
AI 
AI 
AI 
^1 
AI 
AI 
AI 
AI 
BI 
01 
81 
81 
81 
82 
82 
02 
62 
82 
CI 
CI 
CI 
Cl 
OI 
01 
DI 
FI 
FI 
FI 
FI 
F2 
F2 
F2 
G 
0 
G 
0 
0 
G 
01 
GI 
GI 
02 
02 
02 
02 
02 
02 
02 
02 
02 

1. 395. 5.8 
1. 401. 2.7 
I .  404. 6.1 
1, 405. 6.6 
1. 430. 8.8 
I .  434. 31.5 
I .  438. 6.0 
1. 440. 4.9 
I. 460. 32.1 
1. 461. 5.1 
1. 463. 30.8 
2. 238. 29.8 
2. 2390. 21.6 
2. 240. 13.0 
2. 241. 34.6 
2. 242. 12.4 
3. 238. 29.8 
3. 239. 21.6 
3. 240. 13.0 
3, 241. 34.6 
3, 242, 12.4 
4. I .  13.0 
4. 2, 27.0 
4. 3. 21.6 
4. 4. 26.5 
5 .  20. 35.1 
5. 2. 28°8 
5. I .  22.0 
6. I .  23.7 
6. 4. 19.2 
6. 5. 36.9 
6. 6. 19.2 
7. I .  23.7 
7. 5. 36.9 
7. 6. 19.2 
8. 7812. 0.0 
8. 7938. 13.0 
8. 794l.  13.0 
8. 8017. 17.0 
8. 7939 .  20.0 
8. 7942. 20.0 
8. 7926. 32.0 
8. 7943. 32.0 
8. 7940. 34.0 
9. 7812. 0.0 
9. 7938 .  1 3 . 0  
9. 7941. 13.0 
9, 8017. 17.0 
9.  7939. 20.0 
9. 7942. 20.0 
9. 7926. 32.0 
9. 7943. 32.0 
9. 7940. 34.0 

HC CO NOX PART. BAP ALOE. 
NORM NORM NORM NORM NORM NORM 

.7317 .8553 .7996 7277 1.1281 .3183 

.8943 .0224 .9062 

.6504 .7730 .8102 

.6504 .7566 .9480 

.7317 .8553 .8955 

.9756 .9704 .93fl2 

.7317 ,7895 .9062 

.8943 .7095 .8742 
1.0569 . 9 8 6 8  .9808 

.6504 .7730 .9168 
1.0569 1.0855 1.10fl7 I 
.7143 .8837 .9443 

T.1310 .9922 .9564 
.5357 .8837 .8838 

1.1905 1.1008 1.0654 1 
.7143 1.0543 1.0291 
.4306 .7692 .9883 
.4785 .8006 1.0888 
.4067 .8634 .9548 

6426 
6894 
6894 
7660 
9021 
6596 
6043 

9319 
6766 
2213 
9481 
9049 
6772 
0951 
8415 
7785 
7543 
6125 

1.6986 1.2716 .9715 1.2976 
.4785 .8163 1.0553 .6713 
.7955 .9302 .7932 .7152 
.7197 .9070 .8074 .9536 

1.0985 1.0233 1.1615 .7647 
1.1364 1.0465 1.0127 .9783 
.7614 .8696 1.0192 .9609 

1.0660 1.0742 .9952 1.0447 
1.3198 1.1253 .9712 .9944 
.2834 .6079 t.1247 . . . .  
.3382 .6336 1.1247 . . . .  

1.5905 1.2842 .9291 . . . .  
. . . .  .7449 . 9 7 8 0  . . . .  

1.4906 1.0513 .9169 . . . .  
.8174 1.0000 1 .0697  . . . .  
. 7902  .9231 . 9 1 6 9  .... 

.8000 .7921 1.0571 .9483 

.8000 .7921 1.1628 1.2069 

.O000 .7921 .9514 .9483 

.8000 .9901 1.0571 1.0345 
1.6000 1.1881 .9514 .9483 
.8000 .9901 .9514 .9483 

7.1429 1.8634 1.1002 .6329 
1.0204 .7764 .8557 .8861 
1.0204 .9317 .9780 .9494 
2.0408 1.0070 1.1002 .7595 
1.0204 . 9 3 1 7  .9780 .8228 
1.0204 .9317 .9780 .8861 
2.0408 1.3975 1.1002 1.2025 
2.0408 .9317 .9780 .8861 
2.0408 1.0870 .9780 1.0127 

=8031 5.0205 
.4780 .3080 
.669215.6057 

1.8356 O. 0000 
.7075 2.0747 
.4015 O. 0000 
.9751 8.3904 

1.3958 O. 0000 
.8222 9.0657 
.0222 O. 0000 
.7753 .8538 
.9145 ,0033 
.6362 .8083 

1.2326 1.2074 
.4573 .8538 
.4960 .7984 
.5838 .3505 
.5100 .5007 

1.5079 1.4604 
.4609 .3728 
.9746 .6798 
. . . .  .7279 
. . . .  1. 1249 
,9949 1.0437 
.... 1.0866 
.... 1.0342 
.... .8036 



U 
I 
F.= 
LO 

STUDY FUEL ARD. 
INFO I0 CODE VOL 

HI i0 ,  2. 7,0 
HI I0, 3. 
HI I0. 6. 
HI 10. 7, 
HI I0, g, 
H1 I0, 11. 
H1 I0, 13, 
HI I0. 15. 
H1 I0. 16. 
H1 10, 17, 
HI 10, 10. 
HI I0. 19. 
HI I 0 ,  20 .  
HI 10, 21 .  
HI 10. 22, 
H1 I0. 23, 
H1 I0o 24, 
HI I0. 25. 
H1 10. 26. 
HI 10, 27. 
HI 10. 28. 
HI" 10, 30. 
H1 I0. 31. 
H1 10, 32. 
H1 10. 33, 
HI I0. 34. 
HI lO. 35, 
H1 I0. 36. 
H1 10, 40. 
HI I0, 43, 
H1 10° 46. 

I ,  I .  
I ,  2, 
I .  3, 
1, 4, 
1. 5. 
Io 6, 
1, 7, 
I ,  8 .  
Io 9 .  

I I ,  !0 .  
I I .  11, 
11. 12, 
I1, 13. 
11, 14, 
I1. 15. 

7.0 
3,0 
3.0 
6.0 

17.0 
13,0 
14.0 
28.0 
46,0 
19,Q 
23.0 
35,0 
3 5 . 0  
34.0 
35.0 
33.0 
28.0 
17.0 
7.0 

28.0 
13.0 
11,0 
40 .0  
24,0 
13.0 
13.0 
14.0 
2.0 

lg,O 
ol 

19,9 
32.7 
20,8 
33.7 
32.1 
47,0 

9.7 
57,7 
12,4 
57,7 

1,7 
,3 

8,0 
0,0 

45.1 

lIC CO HID× PART, BAP ALOE. 
NORM NORM NORM NORM NORM NORM 
........................................ 

3 .0606  . . . .  1 ,3566 .5700 . . . . . . . .  
1.4091 . . . .  ,9790 .9351 
2 ,9545  . . . .  ,0044 .6008 
1,2727 . . . .  .8485 .8527 

.7576 . . . .  1 .0536 .0305 
,1061 . . . .  .7879  1.1262 
.1061 . . . .  .6620 1,0568 

2 ,6212  . . . .  ,8671 ,6370 
.7121 . . . .  1,1081 .9552 
,5758 . . . .  1.2634 1.1724 

1.8182 . . . .  .9650 1,1308 
,7576 . . . .  .9977 ,9559 

1.6818 . . . .  1.0769 .8997 
1.1212 . . . .  .9977 1.0083 
,7727 . . . .  .9604 .7626 
.2424 . . . .  1,0443 .9267 
,2727 . . . .  .8998 ,8866 
.1818 . . . .  .9977 .8666 
.0758 . . . .  .9277 ,9105 
,1818 . . . .  ,7972 .8766 
,2273 . . . .  .8765 1.2186 

21.0909 . . . .  1.3986 .6625 
,51fi2 . . . .  1,1981 .9721 
,1970 . . . .  .7832 1.1085 
,2576  . . . .  .9930 1.0345 
.3333 . . . .  1.0163 1,1339 
.2576 . . . .  °9837 1.1709 
,5303 . . . .  1.0256 1,0253 
.0758 . . . .  .47Q9 .7765 
,4394 . . . .  ,6434 1,1909 
,1515 . . . .  .7646 .8051 
. . . . . . . . . . . .  ,5000  
. . . . . . . . . . . .  .7311 
. . . . . . . . . . . .  1,0672. 
. . . . . . . . . . . .  1,3099 
. . . . . . . . . . . .  1.0655 
. . . . . . . . . . . .  1.5361 
. . . . . . . . . . . .  .6588 
. . . . . . . . . . . .  1.6605 
. . . . . . . . . . . .  .4908 
. . . . . . . . . . . .  1.5361 
. . . . . . . . . . . .  ,3244 
. . . . . . . . . . . .  .5849 
. . . . . . . . . . . .  .4387 
. . . . . . . . . . . .  ,5126 
. . . . . . . . . . . .  ,9513 

\ 



I 
t~ 
0 

2 
12 
12 
12 
12 
f2  
t2 
t2 
12 
12 
J I  
J1 
J2 
J2 
J3 
J3 
KI 
KI 
KI 
KI 
KI 
KI  
KI 
KI 
KI 
K1 

STUDY FUEL ARO. 
INFO ID CODE VOL 
................................................ 

2 12. 1. 
2 12, 2. 
2 12, 4, 
2 12. 7. 
2 12. 11. 
2 12, 13. 
2 12. 1. 

12. 2. 
12. B. 
12. I I .  
12. 12. 
12. 15. 
12. 1. 
12. 2. 
12. 4. 
12. 11. 
12, 12, 
13. 329. 
13. 469. 
14. 329. 
14, 469. 
15. 329. 
15. 469. 
16. 329. 
16, 453. 
16. 473. 
16. 474. 
16. 476. 
16. 478. 
16. 482. 
16. 485. 
16. 527. 
16. 526. 

19.9 
52 .7  
33 .7  

9 .7  
1.7 
0 . 0  

19.9 
32 .7  
57.7 

1.7 
.3  

45 .1  
1 9 . 9  
3 2 . 7  
33.7 
1.7 
.3 

21 .5  
39.  ! 
21 .3  
39.  I 
21 .3  
3 9 .  I 
2 1 . 3  
28 .5  
22 .0  
3 4 . 9  
16.2 
59 .9  
36 .4  
2 5 . 5  
2 4 . 0  
37 .2  

HC CO NOX PART. RAP ALDE. 
NORM NORM NORM NORM NORM NORM 
........................................ 

. . . . . . . . . . . .  .9167 

. . . . . . . . . . . .  1.1780 

. . . . . . . . . . . .  1.6023 

. . . . . . . . . . . .  .9167 

. . . . . . . . . . . .  .5871 

. . . . . . . . . . . .  .6591 

. . . . . . . . . . . .  .5417 

. . . . . . . . . . . .  .6818 

. . . . . . . . . . . .  1.2462 

. . . . . . . . . . . .  .3068 

. . . . . . . . . . . .  .4470  

. . . . . . . . . . . .  . 8 4 8 5  

. . . . . . . . . . . .  1.0114 

. . . . .  - . . . . . . .  1.2235 

. . . .  . . . . . . . .  1,2462 

............ ,6591 

. . . . . . . . . . . .  .6591 

.9394 .9358 .9716  .9551 
1.0606 1.0698 1.0300 1.0487 

.8922 .9241 1.0040 .8852 
1.1152 1.0781 .9960 1.1202 

.9600 .9701 .9922 .9291 
1.0400 1.0299 1.0070 1.0748 

.7750 .8255 .9192  .8737  

.7750 .9114 .9331 .9614 

.9500 1.0318 .9749 .8772 

.9750 1.0404 1.1560 1 . 1 2 6 3  
1.7000 1.1866 .9053 .7298 
1.5000 1.1264 1.0585 1.3825 
.8250 .9802 1.0167 .9860 
. 8 5 0 0  . 9 9 7 4  1.0585 1.0491 
.8OO0 .9286  .8914 .7754 
.9000 .9630 .9889 .9895 

1.2821 1.0469 
.7051 .9510 
.4946 1.2747 

1.5288 .7127 
.7538 1.3631 

1.2563 ,6196 
. 6 3 4 6  2 . 1 5 5 8  

1.4480 1.3859 
1.3458 2.0018 
1.8782 1.2319 
1.2862 1.0479 

.4259 .3080 
1.0349 .4620 

.3705 . . . .  

.8348 .3080 

.8092 O. 0000 



I : /  
I 

Fo 
l-' 

STLIDY FUEL 
INFO ID CODE 

AI I .  395. 
f i !  I .  401. 
^ I  I ,  404. 
AI I ,  405. 
AI I ,  430. 
At I ,  434, 
AI I ,  438. 
AI  I .  441]. 
AI I. 460, 
AI l ,  46[. 
AI I ,  463, 
B 1 2, 238. 
B I 2, 2390,, 
B 1 2, 240. 
B1 2, 241. 
81 2, 242, 
R2 3. 238, 
02 3, 2.59. 
B2 3, 240, 
82 3, 241, 
02 3. 242. 
01 4, I ,  
Cl 4, 2, 
CI 4. 3. 
01 4, 4,  
D1 5, 20, 
D1 9, 2. 
D1 5, I .  
FI 6, I .  
FI 6. 4. 
F1 6, 5, 
F1 6° 6, 
F2 7. 1, 
F2 7, 5, 
F2 7, 6, 
G| 8, 7812, 
GI 8. 7938, 
GI 8. 7941, 
GI 0. 8017, 
G 1 8. 7939° 
01 8, 7942. 
GI 8. 7926, 
G1 8. 7943. 
81 8, 7940. 
02 9° 7812, 
G2 9, 7930, 
G2 9, 7941. 
G2 9. 8017. 
02 9, 7939. 
G2 9o 7942, 
G2 9° 7926° 
G2 9, 7943. 
02 9o 7940. 

OLEo 
VOL % 

|,50 
1,90 
l .bg 
1.50 
l.BO 
2.90 
6.60 
1.80 
1.00 
1.00 
1,20 
1.60 
.aO 

3,40 
1°00 

,80 
1,60 
.00 

3,40 
1,00 
,80  

3.40 
1.80 
°80 
.go 

0,00 
1.40 
1,10 

,96 
,70 
,72 
,72 
,96 
,72 

.,72 

FUEL 
NORM 

.9862 
,9956 
,9904 
.9998 

1.0175 
,9925 

1.0259 
,9915 
.9967 

1.0040 
1.0029 
°9684 
,902|  
,9718 

1.0711 
1,0711 

,9867 
,9677 
,9867 

|.0662 
1,0178 
.9483 
°9098 

1,0527 
1,0551 
1,0657 
1,0194 
1,0300 
1,1976 
I ,  2434 
1,2169 
1o2747 
I ,1473 
1.2097 
1,1529 



U 
I 

to 
tO 

STUDY FUEL OLE. 
I NFO I D CODE VOL 
................................................ 
H 
H 
H 
11 
II 
II 
tt 
H 
fl 

II 
H 
HI 
HI 
HI 
HI 
HI 
HI 
tt I 
HI 
111 
HI 
HI 
II I 
HI 
111 
HI 
HI 
HI 
HI 
H I 
H I 

I0 .  
I0 .  
I 0 .  
I0 .  
10. 
I0 .  
I0 .  
10, 
I0 .  
I0 .  
I0 .  
I0 .  
I0 .  
tO. 
10. 
I O .  
I0 .  
I 0 .  
I0 .  
I 0 .  

I 0 .  
I0 .  
10. 
I0 ,  
I0 .  
I0 .  
I0 .  
I0 .  
I0 .  
10. 
I0 .  

I .  
I .  
I .  
I ,  
I .  
I .  
Io 
I .  
I .  
I .  
I .  
I .  
I ,  
1. 
I .  

FIIEL 
NORM 

......................................... 

2. 4 .00  1.0065 
3. 4 ,00  1.0137 
6, 3 ,00  1,0249 
7, 3 .00  .9048 
9. 1.00 .9712 

11. 4 . 00  1.0009 
13. 2 . 00  .9391 
15, 1.00 1.0169 
16. 2 . 0 0  1.0209 
17. 1.00 1.0370 
10. 2 . 0 0  1.0314 
19. 4 . 0 0  1.1733 
20. 3 . 00  1.0041 
21. 2 . 00  .9528 
22. 3 . 00  .9993 
23. 5 .00  .9953 
24. 3 . 00  .9752 
25. 3 . 00  1.0193 
26. 3 . 00  .9311 
27. 0o00 .8774 
28. 4 . 00  1.0891 
30. 1.00 1.1372 
31. 1 .00 .9832 
32. 3 , 00  1.0145 
33. 3 . 00  .9864 
34. l .O0  .9937 
35. 2 . 00  . 9 9 0 5  
36. 1.00 .9784 
40. 2 . 00  1.0073 
43. - . . . . . . .  
46. . . . . . . . .  

I . '  - . . . . . . .  
2. . . . . . . . .  

4. . . . . . . . .  

6.  . . . . . . . .  
7. . . . . . . . .  
0. . . . . . . . .  
9. . . . . . . . .  

10. . . . . . . . .  
I I .  - . . . . . . .  
12. . . . . . . . .  

14. . . . . . . . .  
15. . . . . . . . .  



U 
I 

t~ 
L~ 

STUDY FUEL OLE. FUEL 
INFO IO CODE VOL ~ ~ORM 

12 12, t . . . . . .  - . . .  
12 12, 2 . . . . .  
12 12, 4 . . . . .  
12 12, 7 . . . . .  
12 12, I I  . . . . .  
12 12. 13 . . . . .  
12 12o I ,  . . . .  
f2  12. 2 . . . . .  - - - -  
12 12, 8 . . . . .  
f2  12, 11 . . . . .  
t2  12, 12 . . . . .  
f2  12, 15 . . . . .  
12 12, 1 . . . . .  
12 12. 2 . . . . .  
12 12, 4 . . . . .  
12 12, | l . . . . .  
12 12, 12. 
J1 13, 329.  1,70 1.0031 
J1 13. 469,  .90  1,0113 
J2  14. 529.  1 .70 ,9953 
J2 . 14, 460,  ,00  ,9028  
J3  15. 52g.  1 ,70 .9982  
J3 15, 469,  .90  °9956 
K1 16, 329,  1,70 ,9839  
K1 16. 453.  2 .10  1.0241 
KI  16, 473,  2 ,00  1 ,0226 
K 1 16. 474. 1.40 .9623  
KT 16, 476,  O,OO 1,0256 
I(1 16, 478,  1 .20 .9963  
K1 16, 482.  O.OO ,9438  
K I  16. 485.  ,50  1.0179 
K 1 16, 527,  0 .00  .9808 
K I  16, 526.  1.20 .9546  



I 

,D 

STUDY FUEL IO~PT HC NOX PART, 
I NFO I0 CODE DEG C NORM NORM NORM 
........................................................................................... 
A 
A 
A 
A 
A 
A 
A 
AI 
AI 
^I 
AI 
Bl 
81 
BI 
81 
BI 
82 
82 
82 
82 
02 
CI 
Cl 
Cl 
Cl 
DI 
DI 
DI 
FI 
FI 
FI 
FI 
F2 
F2 
F2 
G1 
01 
GI 
G1 
GI 
01 
GI 
GI 
61 
02 
62 
02 
02 
(32 
02 
82 
02 
02 

I .  395. 
I .  401. 
I .  404. 
I .  405. 
I .  430. 
I .  4.34. 
I ,  4.38, 
I ,  448. 
1, 460. 
1. 461. 
I.  463. 
2. 238. 
2, 2390, 
2. 240. 
2. 241. 
2. 242, 
3. 2.38, 
. 3 .  239, 
.3. 240. 
.3, 241. 

• .3, 242, 
4. I ,  
4, 2, 
4, .3, 
4, 4. 
5, 20, 
5, 2. 
5, I ,  
6, I ,  
6, 4, 
6, 5, 
6, 6. 
7. I .  
7, 5. 
7, 6, 
8. 7812. 
8. 79.38. 
8. 7941. 
8. 8017, 
8. 79.39. 
8. 7942. 
8, 7926. 
8, 7943, 
8. 7940, 
9. 7812. 
9. 79.38. 
9, 7941. 
9. 8017. 
9. 79.39, 
9, 7942, 
9, 7926. 
9, 794.3, 
9, 7940, 

211. 
206. 
211. 
210, 
210. 
206. 
210. 
189. 
209 
216 
206 
213 
216 
181 
216 
21.3 
21.3 
216 
181 
216 
21.3 
181 
2O4 
216 
214 
22.3 
217 
2O5 
197 
151. 
139. 
1.36. 
197. 
1.39. 
1.36. 
209. 
206, 
21.3. 
188. 
203. 
201. 
214 
199 
199 
209 
206 
21.3 
188 
203 
201 
214 
199 
199 

1,0580 ,8782 ,9096 
1,2941 .9953 .0032 
.9412 .8899 ,0611 
,9412 1.0422 ,8617 

1.0500 .9036 .9574 
1.4110 1.0304 1.1277 
|.05BB .9953 .8245 
1.2941 .9602 ,7553 
1.5294 1.0773 1.1649 
.9412 1.0070 .8457 

1.5294 1.2178 1,5266 
,7018 .9286 .9536 

I . I I I I  .9405 ,9101 
,5263 .8690 .6012 

1.1696 1.0476 1.1014 
.7018 1.0119 .8464 
.5042 ,9532 ,0396 
,5602 1,0501 ,8134 
.4762 .9208 .6604 

1.9888 .9370 1.3993 
.5602 1.0178 .7239 
.7292 ,7306 .7726 
,6597 ,7436 1,0301 

1.0069 1,0698 .0261 
1,0417 .9328 1,0569 
,8427 1.0119 .9663 

1.1798 .9881 1,0506 
1.4607 .9643 1.0000 
1.2917 .9350 . . . .  
1.5417 .9350 . . . .  
7.2500 .7724 . . . .  

. . . .  .8130 . . . .  

.8488 1.0256 . . . .  

.4630 1.~966 . . . .  

.4475 1.0256 . . . .  

1.2500 .9488 .9322 

1.2500 1.0436 1.1864 
1.2500 .8539 .9322 
1.2500 .9488 1.0169 
2.5000 .8539 .9322 
1.2500 .8539 .9322 
2.6022 1,1029 .6250 

.3717 .8578 . 8 7 5 0  

.3717 ,9804 ,9375 

.7435 1.1029 .7500 

.3717 .9804 ,8125 
,3717 ,9804 . 8 7 5 0  
.7435 1.1029 1.1875 
,7435 .9004 .8750 
.7455 .9804 1,0000 



U 
I 

t,,1 
LTI 

STUDY 
I~|FO ID 

HI I0 .  
Ill i 0 .  
HI 10, 
t l l  10. 
HI 10. 
HI I0 .  
HI I0 .  
HI 10. 
H1 I0 .  
HI I0. 
H1 10. 
fll I0. 
H! I0. 
HI I0. 
H1 10. 
HI 10. 
H1 I0 ,  
H1 10. 
HI 10, 
HI I0o 
141. I0 ,  
HI I0 .  
HI 10. 
H1 10. 
HI I0. 
HI I0. 
HI I0 .  
HI I0 .  
HI 10. 
HI I0 ,  
HI 10, 
I1 1, 
I1 1. 
I1 1. 
I I  1. 
11 1. 
I1 1. 
I I  I .  
I1 I .  
I1 I .  
I I  I .  
I1 I .  
I1 I .  
I1 I .  
I I  I .  
f l  I ,  

FUEL 
CODE 

2. 
3. 
6. 
7, 
9. 

l l .  
13. 
15. 
16. 
17. 
18. 
19. 
20, 
21, 
22, 
23, 
24, 
25. 
26, 
27, 
28. 
30. 
31. 
32• 
33, 
34, 
35. 
36. 
40, 
43, 
46. 

I .  
2, 
3, 
4. 
5. 
6. 
7. 
8 .  
9. 

tO, 
1 I ,  
12. 
13. 
14, 
15. 

IO%PT 
DEO C 

54. 
54, 
63. 
63. 
79. 

201. 
165. 
125. 
133. 
267. 
143. 
219, 
198, 
222. 
203. 
221. 
213. 
214, 
lg0.  
I01.  
222, 

85, 
117. 
233. 
204, 

85, 
165. 
79. 

215, 
221, 
190, 
197. 
209. 
262, 
271. 
254. 
261, 
258. 
254. 
112. 
177. 
211. 
309. 
221. 
231. 
191, 

HC 
NDRM 

9,6651 
4.449S 
9.3301 
4.0191 
2,3923 

.3349 
,3349 

8.2775 
2,2488 
1,8182 
5.7416 
2.3923 
5.3110 
3.5407 
2.4402 

.7656 

.8612 

.5742 

.2392 
• 5742 
,7177 

66.6029 
I. 6260 

• ,6220 
.B134 

1.0526 
,0134 

' 1.6746 
.2392 

1,3876 
.4785 

NOX 
NORM 

I .  5008 
1.0830 
I. 0005 

.9386 
I .  1655 

.8716 

.7323 

.9593 
1.3254 
1.3976 
1.0676 
l .  1037 
I .  1913 
I ,  1037 
I .  0624 
I .  1552 

.9954 
1. 1037 
1.0263 

.8819 
,9696 

1.5472 
1.3254 
.8664 

1.0985 
I .  1243 
I • 0882 
I .  1346 

• 5209 
.7117 
.8458 

- - 4 - - - -  

PART. 
NORM 

.5616 
,9214 
• 5920 
.8402 
.9168 

1. 1096 
1.0216 

.6277 

.9411 
1.1551 
1.1141 
.9419 
.8865 
°9935 
.7514 
.9130 
.8736 
.8538 
.8971 
.B637 
I. 2007 
.6527 
.9578 

1.0921 
1,0193 
1.1172 
1.1536 
1.0102 

.7650 
I .  1733 
.8720 
•5709 
.0333 

1.2165 
1.5843 
1.2146 
1.7510 

.7510 
1.0927 
.5594 

1,7510 
.3697 
.6667 
• 5000 
,5843 

1 .0043  



I 

O~ 

5TtlOY FUEL IO~PT FIC NOX PART. 
INFO ID CODE DEO C NORM HORM NORM 
........................................................................................... 

12 12. I .  197. - . . . . . . .  1.0708 
12 12. 2. 209.  - . . . . . . .  1.3761 
12 12. 4. 271. - . . . . . . .  1.0717 
12 12. 7. 258.  - . . . . . . .  1.0700 
12 12. 11. 211.  - . . . . . . .  .6858 
12 12. 13. 221. - . . . . . . .  .7699 
12 12. I .  197. - . . . . . . .  .6327 
12 12. 2. 209. - . . . . . . .  .7965 
12 12. 8. 254. - . . . . . . .  1.4558 
12 12. I I .  211. - . . . . . . .  .3584 
12 12, 12. 309. - . . . . . . .  .5221 
12 12. 15. 19 f .  - . . . . . . .  .9912 
12 12. I .  197. - . . . . . . .  1.1814 
12 12. 2. 209.  ° . . . . . . .  1 .4292 
12 12. 4. 271. - . . . . . . .  1.4558 
12 12. 11. 211. - . . . . . . .  .7699 
12 12. 12. 309. - . . . . . . .  .7699 
J l  13. 329. 219.  1.0032 .9988 1.0039 
J l  13. 469. 307.  1.1327 1.0597 1.1024 
J2 14. 329. 219.  1.0000 .9992 .9939  
J2 f4 .  469. 3 0 7 .  1 .2500 .9913 1.2577 
J3 15. 329. 219. 1.0084 1.0016 1 .0000 
J3 15. 469. 307. 1.0924 1.0172 1.1568 
KI  16. 329. 219. .8708 .9154 .8527 
K I 16. 453. 236. .8708 .9293 .9384 
K I 16. 473. 189. 1.0674 ,9709 .8562 
KI  16. 4 / 4 .  234.  1.0955 1.1512 I .0993 
K I  16. 476. 53. 1.9101 .9015  .7123 
KI  16. 478.  209. 1.6854 1.0541 1 .3493 
KI  16. 482. 207. .9270 1.0125 .9623 
KI  16. 485. 157. .9551 1.0541 1 .0240 
K I 16. 527. 200. .8989 .8877 .7568 
KI  16. 526. 212.  1.0112 .9847 .9658 



I 
h3 
...j 

STUDY FUEL 98~PT 
INFO ID COI;E bEG C 

A1 I .  395, 
~1 1. 4n i .  
AI  I .  404. 
At 1, 4O% 
A1 I .  430. 
At I .  434. 
A1 1, 438,  
A1 1. 44fl, 
A1 I .  460. 
A1 I, 461. 
AI I ,  463, 
131 2. 238. 
B 1 2, 2390, 
B1 2. 240. 
B1 2, 241• 
61 2. 242, 
B2 3.  238. 
82 3. 239. 
82 3, 240, 
B2 3. 241° 
82 3, 242, 
CI 4. 1, 
O1 4, 2. 
C1 4. 3. 
CI 4. 4. 
Ol 5, 20. 
D1 5, 2. 
D1 5. 1. 
FI 6. 1. 
F1 6, 4. 
F1 6. 5. 
FI 6. 6, 
F2 7, I .  
F2 7. 5, 
F2 7. 6. 
GI 8. 7812, 
GI 8, 7938, 
Ol 8. 7941. 
81 8, 8017, 
Gl 8, 7939, 
G 1 8. 7942. ,  
Gl 8. 7926, 
Ol 8. 7943, 
01 8, 7940. 
82 9, 7812, 
(~2 9, 7938, 
G2 9o 7941, 
02 9. 8 0 1 7 .  
82 9, 7939, 
02 9, 7942, 
02 9, 7926. 
02 9, 7943, 
82 9, 7940, 

HC 
NORH 

224 .8911 
239 1.0891 
224 ,7921 
224 .7921 
228 . B ~ l l  
234 1.1881 
224 ,8911 
223 1.0891 
224 1.2871 
251 ,7921 
234 1.2871 
313 ,8054 
303 1.2752 
238 .6040 
301 1,3423 
310 ,0054 
313 .6000 
303 ,6667 
238 .5667 
301 2 .3667  
310 ,6667 
238 .7778 
280 °7037 
303 1.0741 
306 I . I I I I  
316 .6024 
309 ,8434 
297 1.0442 
290  .3949 
303  ,4713 
300 2.2166 
279 . . . .  
290 1,4785 
308 .8065 
279  °7796 
247  - - - -  
226 - - - -  
309 1.1236 
244 - - - -  
249 1.1236 
227 1.1236 
306 1,1236 
312. 2.2472 
251, 1.1236 
247. 3.5354 
226. .5051 
309. .5051 
244. 1.0101 
249. .5051 
227. ,5051 
306.  1.0101 
312. 1.0101 
251. 1.0101 

PART, 
RORH 

.B1B2 
,7225 
.7751 
.7751 
.8612 

1 .0144  
.7416 
.6794 

1.0478 
.7608 

1. 3732 
1 .0313  

.9043 

.7367 
1.1912 

.9154 

.9184 
°8898 
.7224 

I .  5306 
,7918 
.7938 

1,0584 
.8488 

1.0859 
• 9503 

1.0331 
.9834 

.9565 

1.2174 
,9565 

1 .0435  
,9565 
,9565 
,6536 
,9150 
.9004 
.7843 
.8497 
,9150 

1 . 2 4 1 8  
,9150 

1. 0450 



U 
I 

(3O 

STUDY FUEL 90gPT 
INFO ID CODE OEG C 
................................................ 

Ht 
H I 
HI 
HI 
HI 
HI 
HI 
HI 
HI 
I t l  
tt I 
It 1 
H1 
|11 
HI 
H 
H 
H 
H 
tt 
H 
H 
H 
H 
H 
II 
H 
H 
II 
H 
H1 
I1 
I I  
I I  
I I  
I1 
I I  
I1 
I I  
I I  
I1 
I1 
I1 
I1 
I1 
I I  

HC PART. 
NORM NORM 

• 5746 10. 2. 
10. 3. 
10. 6. 
I0. 7. 
lO. 9. 
10. 11. 
I0. 13. 
I0, 15. 
I0 .  16. 
I 0 .  17, 
I0 ,  18. 
I0 ,  19, 
I0 ,  20, 
I0 ,  21, 
I0 ,  22, 
I0 .  23. 
I0 .  24. 
I0 .  25, 
I0 ,  26. 
I 0 ,  27, 
10. 28. 
I0 .  30. 
I 0 .  31, 
I0 .  32, 
I 0 ,  33, 
I 0 ,  34. 
lO, 35, 
I0 ,  36. 
I0 .  40. 
10, 43. 
I 0 .  46. 
I1 .  1. 
I I .  2. 
t t .  3. 
I I .  4. 
11. 5. 
11. 6. 
11. 7. 
11. 8. 
I I .  9, 
I I ,  I 0 ,  
I I .  I I .  
11. 12. 
I I .  13. 
11. 14. 
I I .  15. 

130. 3,1661 
130. 1.4577 
92, 3,0564 
92, 1.3166 

122. .7837 
255, ,1097 
186. . I 0 9 7  
235. 2 ,7116 
300, .7367 
320. .5956 
309, 1.8809 
314. .7837 
296. 1.7398 
314. 1.1599 
297. .7994 
314. .2508 
307. .2821 
311. .1881 
247. °0784 
233. .1881 
303, ,2351 
208 .21 .8182  
246. .5329 
311. .2038 
309 .2665 
208 .3448 
186 ,2665 
145 ,5486 
233 .0784 
358 .4545 
320 .1567 
256 . . . .  
317 . . . .  
364 . . . .  
363 . . . .  
349 . . . .  
364 . . . .  
354 . . . .  
367 . . . .  
224 . . . .  
346 . . . .  
246 . . . .  
365 . . . .  
342 . . . .  
357 . . . .  
328 . . . .  

,9427 
,6057 
,n596 
,9380 

I .  1353 
1,0452 
.6422 
.9629 

I .  1819 
I ,  1399 
.9637 
.9070 

1,0165 
.7688 
.9.342 
,8938  
,8736  
,9178 
.8837 

I .  2205 
. 6678  
.9800 

I , I 1 7 4  
1,0429 
1.14.30 
1,180.3 
1,0335 
.7827 

1,2005 
,8922 
.6835 
.9977 

1.4564 
1 .B968 
1.4541 
2. 0963 

.8991 
2. 266 I 

.6697 
2. 0963 

.4427 

.7982 
• 5986 
.6995 

1,2982 



U 
! 

t,J 
k,.O 

STUDY FUEL 
INFO ID CODE 

12 12. 1. 256. - - - -  
12 12. 2. 
12 12, 4. 
12 12. 7. 
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