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APPENDIX 1
PHASE 1l DIESEL FUEL PERFORMANCE DATA

-1 Simulated Air-te-Air Aftercooler

2 Simulated Air-to-Air Aftercooler and
High Pressure Fuel Injection System
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v SYNRJEL PROJECT 03-8538 TEST RESULTS #vee,

RUR MINBER 1264 1265 1266 1267 1288 1969 13W 13 12m
TEST CODE L., 2011 2031 24Ty 2 AL A5Y 2AE1 AT 2EY] YV
DAY (_lqlnn) b330 B33 6218 6238 A2 4038 421 sA30 L0
TIHE (nilitary) 111035 12151 1257°8 138511 147644 153754 16352R 164915 113 7
PHASE 3 2 2 3 2 2 I 2 2
TYPE FURL CONDFZ COMDFZ COMDFR CONDFR COMDFZ CONDF2 COMIF2 COMDFS CONDFZ
ENGINE HOURS 202.2 203.4 2041 2050 2083 207.0 2077 287.9 210.2
ENGINE PARAKCTERS )
ENCINE SPEED (rpw) 809 1401 1404 1401 (A4 323" 2ap2 2207 22m2
TORQUE M 367 9205 4594 2380 836 A1 IW 1895 45.6
POVER W) 31 1358 825 337 9.3 1442 T7 /2 105
ISFE {g/ku-hr)  4%8, 233, 215, A, B, 29. B/ i, 8.
BEP L (ham A 51 78 38 N8 w3 58 2.8 J
HE () 185 W7 /I BI J[8 TJI [I &2 139
ENGINE FLOM PARAMETERS
FUEL FLOM {kg/hr) 14 388 145 7.9 33 WE 197 122 A4
AIR FL{ {kg/hr) 2012 &30.7 %4 341 TR 93,1 7.0 6A9.8  59.3
AIR FUEL RATID M2 219 7 427 K5 ®.2 W7 533 9.2
CHEMICAL AIR FUEL RATID 1433 21,4 288 434 9.0 2.5 .3 538 8.1
SHOIE OFACITY 4] b 1S 72 b L &5 s2 31 e
TENPERATURE PARANETERS (dzg.c)
COOLANT IN . 9 4 2 9 N 9 9 o1 92
ut 73 9 94 3 93 93 24 3 34
QIL SONp A Y VR T T T B 112 18 105 193
OIL CALLERY W 3 1M 92 1B 105 13 181
INTME AR K| kel k1] 5 % .18 7 k3|
£ ANAIEN 45 11 48 W 4 'Y 3 3
BOOST B4 INNER CORLER 2 1% fl 6] 51t 183 7 59
BOOST AF Im¥7 COOLER A al I 43 1 775 B a1
htf Y] 37 7.0 48 A1 19 37
EXHAUST #1 20 953 a2 2By fe2 494 184 187
EXHAUST 4 5 S 47 297 178 455 3 0 214
EXHAUST 13 - L T 1 I 124 I da2
EXHAUST I3 OS0 407 B 1Y 517 agn 02
EXHAUST 45 Al S51 A8 292 T 57 g5 n e
HADST 2 A 299 194 559 419 305
EXHAUST STACX 2 S8 4 3 e 51 ke M 13
PRESSURE PARANETZZS
oIL (pa) 239.2 331 349 3165 3i8.6 M50 M6 8.5 9.5
. {kpa) 1318 130.2 1417 1514 1%R7 €% 9.3 185.3 193
EXHAUST BA TURED  lhpa) 1.9 544 234 135 9.4 998 527 Nl 29.1
FILTER RESTRICTIOR dpa) 24.9 373,31 2200 I7.2 149.3 7455 SA7.4 &322 sif 4
SODST AF INNERCODLER(xpa) 1.4 §83 31.8 11,4 4.2 99.8 497 242 11.8
EXHAUST STACK {kpa) J 024 1 J ool 2 3 .1
EHISSION PARANETERS
BSHC {lo/tubr} 72,3143 5316 7107 12445 4.B010 9762 13025 2.5489 11,229
BS00 {g/tw-hr) 9.4682 4.9812 2,437 2.7218 &.1803 2.0739 2.6487 A.776% 13.263
BSHOx (¢/ku-hr) 25724 7.2007 7.9567 B.B228 9.7212 5.5504 4.9552 5.4038 B.7484
[} B 1.8 18l 49 23 T3 US4 TTI9 2
] ) 1B &9 05 139 7S5 187 132 152 193
Mﬂsgﬁffﬂm(mnq) 2.7 MA27 7427 ALY ALY L7 ALY ALY AL
ABSOLUTE MAMIDITY (gn/l3) 142.0 1434 1428 '77.8 77.9 7.9 7.9 779 138
RELATIVE HUMIDITY ~ (X) 63,7 637 837 3.8 3.8 31.8 3.8 3.8 5.5
INDICATED PARBMETERS
et ] 9.7 1499 B2.1 AR5 219 1750 409.7 709 435
ISFC tkg/ikw-he) 1478 1918 177.2 1830 1389 7.2 1W.9 171.9 1S1.0
Tner thar) 19 188 9.2 54 25 125 7.8 5.3 30
1€, actual (I} 2.6 M) 27 5.9 a9 452 A0 492 s5ht
17E, thearstical A7) 8.3 %9 589 68,8 629 SB.b A0 1.3 B2.h
RATIO, acteal/thesestical 509 .78 810 .62 G871 73 83 Aot
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wexs SYNFUEL, FPROJECT 03-85318  TEST RESULTS wems

RUN_MUMBER 1295 1296 1297 _ 1298 _12%9

S ER
-

TEST COIE 311 Map i N4l St
DAY (julian) ~ 6280 6283 4282  bomR 4262
e thilitary) 10 43 ruzzn, 111431 oty 35
TYPE FUEL CONDF2 cuﬂan cunn=. CONIF? COMDE2
ENGINE HOURS 2460 2484 8.1 2491
Rl tgEs
Gom oy uw o um e
() T4 L AW ALA 42
ey Wiehy  ah e oa B L
r " N ‘. 2, '
i b 1S I S T R B f W
ME (1) 182 ALs M1 W7 238
aumE FLOW PARAHETERS
o/ir) 1.5 274 4.6 8.0 34
g (kg/hr) 2800 3844 428 3B :m7
AR FLEL RATID 371 215 2.3 .3 145
gemity 4 FELRATID 97 A4 BS M3 e
SHRRE GiokTny 15 54 38 38, 27
TENPERATUAE. PARANETERS (m 3]
CODLANT IN B 8 N N R»
R o % 94 93, W 9
OIL SUkP 9. & 106 12 98
DIL CALLERY ® o2 W2 oW %
(1L g & 3 ¥ 3
BOOST B4 INNER CODLER 7 O3 % $ oy
BOOST 4F INNER CROLER w3y 29
FUEL IN I 4 00n[ 1
EXHAUST #1 1M S 48 37 1§
DIHAUST 42 M55 M0 37189
BIAUST £3 S0 M6 303 18
EXHAUST #4 118 559 49 287 14D
EXHAUST 45 1 28 A6 36 171
EXHAUST ¥ 51 A 29 192
EXHAUST STACK 127 52 M6 289 160
FRESSURE PARAETERS
oIL {lpa) 2550 3153 3155 7.0 9.
FUEL pa) 1A T8 15k 159.8  161.9
EXHAUST B4 TWRED  (lpa} 3.7 465 20.3 13.2 8.9
[IER JESRLCIION 3] 1204 M7 2Rk zg; 288
a 1 . » » »
i e (T N o B B S
ENTSSION PARAIETERS
B5HE (oftwhe) 92176 JT359 .BIZS 10484 5.45
3500 {o/iwhr) 8.9253 3.9148 1.7238 2.2250 5.380
B5N0x (o/ihe) 2597 145 1dghy 1A T
) 19 ded 75 4B 2.
O 173 b5 1A 141 17
MEIENT PIRNTERS
o mnmn(( m’: ﬁ%% 33%% ﬁig ﬁ%% ¥
n »l » 1] [] »!
i 778 TS TS M3 S
m:mm PARAETERS
97 1447 G20 M5 244
ISFC lkgfike-he) 15804 197.2 177.4  186.1 13,7
ta) 19l 52 54 2.7
{E 56,3 45.3 476 S0 6l.0
mmmm B B #F &7 i 29
RAT. n, wctual/thesrevical 889 796 812 B33 .Y64
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APPERDIX J
PHASE I TAR SANDS PERFORMARCE DATA

Jd-1 Simulated Air-to-Air Aftercooler

J-2 Simulated Air-to-Air Aftercooler and
High Pressure Fuel Injection System
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eamn SYNFUEL PROJECT 03-8538  TEST RESULTS wews

RUN_MUH : 1 2% 121 1 i
O L 23% 23 gl 2357? 2%t 23g °3f7? 23 35
IAY {julian) 239 6230 5240
g}t{g& (niliTary) lzms s ezs |44458 15 958 154'1. 104548 masn 12748
TYPE FURL TsA TRGH TRSA TARSAA TARGAM TARSAM TERSAN TARSAR
ENGINE HOURS 1.8 212,80 2134 2139 2145 217.4 218.1 21B.b
BIGHHE RaRpreTeRs
(rpm)  B23 1403 1407  140b 1408 2202 2202 220
mwr m—m 71 9655 A7 228.2 445 M.l 3%.9  168.2
12 1419 7.6 336 9.5 142 7.7 IB.8
ssn: (qlku-hr) W, A2, @, k. I, &y, B 7,
BHEP {bar) % 199 75 38 ui 14 55 2.8
BTE ) 207 A WY ;|7 23 T OWI 28I
ENGINE FLON PARAMETERS
ua FLOW (kg/hr) 1.3 308 1S 81 35 W5 196 1.6
AIR FLO (kg/hr) 2032 6305 A%7.6 7.7 T2.B 9743 7Rl 8475
AIR FUEL RATIO 180.3 2.3 2.2 452 1081 291 1.5 55.8
cﬂaucm. m rua.rmrm 0.6 285 27 4.6 €5 23 Wy 539
SHIKE CPACITY 19 165 53 13 13 7 es 1B
r%mmne PERARETERS (deg o . . .
Lo Bl 2 2 8 & 8B 4 # i
DIL SUKe 93 19 107 903 % Q12 WA 10§
% éﬁgy g s 13 1% og w; 105 16
CELL AMBIENT 5 13 P 4 8 % B ¥
BOGST BA INNER COQLER @17 @ b2 -8 % W\ 7
BOOST AF IMVER i 8 4 4 a7 St Ay
FUEL IN T v B v AR v BN v AN S N |
EXHAUST #1 121 S5 %8 28 1Al 496 5 2
EXHAUST §2 W 57 w3 4 179 588 3| 3
EXHAUST 93 18 4 &3 8 19 N7 35
EXHAUST #4 123 S5 Mt 29 172 518 397 2%
EXHAUST 45 122 51 413 8 1% §i1 397 M
EXHAUST #6 B B4 430 2/ 195 Sh 2 2o
EXHAUST STACK 1% s M 7 179 M9 58
PRESSURE PARAKETERS
0IL (2} 2544 3145 315.4 3170 37 ML2 M55 147.2
{ipa) 16,6 1106 137.7 7.8 1554 E7 TS 1017
DNMUST 34 TURBD  (ipa) 1.8 6.1 3 a8 04 107 g 4
gt P 153“ kS 10 e 1038 65 : 424'
] . . . . . » N .
AT B TR U TR S S I I
EMISSION PARANETERS )
BSHE (Q/iwdr) 8,457 6510 8257 13792 5.1823 1014 1.3987 2.5448
B i Lo aweom g e a0 o T
Ind . . . . . . ’ .
i) W ey k167 705 88 73 141 e 40 .
02 M 179 bb W4 136 2 108 132 152
ABIENT PARANETERS
BAKD,PRESSURE. _ (m-Hg) 7A1.2 7412 7412 7812 7412 742 712 TAL2
ABSOLUNE RUMIDITY (gn/1p) 112.2 112.2 112.2 1122 1122 H5.4 115.4 1154
RELATIVE SUMIDITY ° () 54.6 S4.8 58.9 54.8 SA8 753 7.3 753
INBICATED PARAMETERS
ixy 97 197 8.8 465 4.4 1783 1997 709
1560 (Igliku-hr) 1308 191.7 180.0 1&7.6 43.2 19,7 1W.4  163.8
1K:F b ) LB 175 9.2 540 2.7 127 1.8 5.4
11E, actual e 450 4707 SIS 1.3 460 4.4 527
ITE thesretical (Z) k3.4 567 58.6 0.7 £2.8 SB.b 4D, 614
RATI0, actoalzthescmtical (.08  .79%4 813 .8aB 959 782 804 8%

R R [



mnx SYNFUEL PROJECT 03-B538

RUN WUKBER

YEST COnE

S

PHPE ALIItarY

TYPE

ENGDE NGRS

ENCDE PARMETERS

ENCDE SPEED trom

TORGE {

p (o/h)

B Coa)

B @

ENGIHE FLOY PARAHETERS

Ay i

b T

SHORE DFACITY w

TOPEATIE PRAETERS iy,

i

iy

SELL. AMBIENT

B0ST BA THER COLER

BOOST & IHER

FUEL IN

EXHAUST #1

EhAST 42

EXHAIST $3

BOIRT 1

EXHAST 15

EXIAT STACK

PRESSIRE PAANETERS

i - im

EXHAIST BA TIRBD  (koa)

FILIER SECRICI (G
A TNESCORER(kya)

EOIIST STACC — (kpa)

ENISSION PARAKETERS

BS [4/k-hr)

BSCO (9/h9-hr)

ESHx e

& B

i
AMBIENT PAINETERS

BARR, PRESSURE (m-Hg)

RREE RABIT

%ICATED PARAMETERS
g

¥4}
Hewemlen &
iﬁTfU, ictval/thesretical

114
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TEST RESIATS wxxs

1384
B33

b2g7
1041 _g
TARSAN
7.3

1438
49,2
7.3

ny =l
BFSF
P -

—pen
— r e
o N=
TALNCD

Y

..
- N {--1
ﬁ_m:-ﬁ:o;ru
Lot rugere

1307
By

~2UE

g s —

HRINNSS 2

RN

N sl
RE=Es

oL
LJUI&-L.AQ

1.2268
2.0825
13.316

.8
14.2

1308 1389
k] g 1 i
4287 4287
12!‘!3%5 12501;
TARGAN TARSAN
258.9  259.4
139 22m
54,8 740.4
9.9 1706
g 4%
3.0 4.5
2.3 5.5
=44 14085
143.5 28B.3
2.1 28,7
2.8 2.6
2

g 2
97 188
23 26

24 34

A8 14h
kv 73
14 k(%
179 508
191 512
173 992
149 59
176 5%
174 535
173 452
J18.5 3424
160.0 96.4
7.1 187.8
248.8 7.
5.4 1136
.3 3.7

4, Nig  ,B578
6.8065 1.0K%1
11.959 9.4985
2.3 7.8
16.4 1D0.6
744.8 7442
3.4 7.2
8.0 34.4
24.6 202.2
llg.g 1172.2
B85.5 49.1
3.3 8.5
{.3a1 841

=i

6287
1325 g
TAKSAN

268.0

2282

o3
77.5

R ]
53058
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APPERDIX K
PHASE Il 57 PERCENT EDS PERFOERMANCE DATA

K-1 Simulated Air-to-Air Aftercooler

K-2 Simulated Air-to-Air Aftercooler 2ad
High Pressure Fuel Injection Eystem



e GYNFUEL PROJECT 03-8538

RUN NUMBER 1282
TEST CODE L %11
Y {julian) K241
TIHE (aiiitarv) 1Hie
PHASE 2
TYPE FUEL S7ZEDS
ENEINE HOURS 2.1
ENCINE PARAMETERS
ENEINE SPEED (;‘En) 827
TORQUE =) 3.4
RN
w-hp .
2 e %
BIE ¥4 19.3
ENGINE FLOW PARAMETERS
FUEL FLOY (kg/hre) 14
AIR FLIN {kg/hr)  206.9
%ﬁucfi ’8‘%%’%& RATIO ’11%'3
SHOLE OPACITY [¢4] 1.5
TENPERATURE PARANETERS {deg.cl
COMANT IN 9&
COOLANT QUT 9
DIL Sump 9
IL £ 93
INTAKE AIR Zg
(ELL AMBIEM &
BOCST B4 IRMSR CODLER &
BOOST AF INNER COOLER 0
FUEL IN 3
EXHAUST # 129
EXHAUST 42 148
EXHAUST B3 148
EXGMIST 34 12
DHAUST 13
EXRAUST 46 15
EXHAUST STACK 145
PRESSURE PARAKETERS
0IL (tpa) 25,8
(kpa) 166.0
. EXHAUST BA TIRB0  (kpa) 5.4
g%ﬂ RESTRICTION (pa} 149.1
AF INNERCOOEER{kpa) .5
kpa) 1.4
EMISSION PARAMETERS
BSHL {g/kuhr) 8.4149
2] {o/ku-hr) 12,267
BSHOx (¢/kwhr) 32,749
2 2 2
2 174
ANBIENT PARANETERS
BARQ.PRESSURE (nng) 7M.2
f&l‘miﬂ HUNIDITY (gn/1b) 91.B
TIVE HUMIDITY ~ ()  &l.5
h ICATED PARAMETERS 97
ISEC (kq/iku-hr) 149.2
IHEF (har) 1.8
ITE,actmal ) 3.8
LTE thewetical (1) 3.3
lhﬂﬂ. actral/theerstical 91D
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TEST RESULTS wass

1284
2631
6241

1285 17% 1287
631 2651 264 1
soAt 201 oM
133733 mazaa 152914
STEDS S7IEDS 57IEDS
5.0 260 2265
1408 (a8 22M
29,7 K0 885
B9 9.4 1531
43, I8, b,
8 1.1 109
/A 27 W
B.2 3.6 b
T37 TS WA
5.4 %9y me
.1 Bk A5
1.0 1.4 B.b
9 0
q B 3
0w @
% % 17
i 4 ¥
5% & 16
2 8 7
H O3
75 49 Mt
/M1 6
K L
2 (B 2%
@ 173§
%1 18 T
P TR v S 1)
8.1 390 3443
l%: xsgg gs;
3.7 @by Wb
8.2 a8 173
ST O I
1.4231 6,6101 1,8145
2.7243 12.79 1.824%
12.671 16.581 &.5202
5.2 A 7.6
38 172 s
7042 TM.2 7442
M InE 90.d
0.5 M7 417
8.5 244 1651
149.5 185.1 1857
54 27 13.2
.7 3 4.8
0.7 2.8 5B.b
A% 9 T8s
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6288
. 268.%

6288
262.7

Wi ST s

268.8

6288

09 f9745 131137 14 236

bag
3
2663

3

6288
STIEDS STIEDS 37

3
265.3  255.8

b2tB

3

STIEDS STAEDS STLEDS

TEST RESULTS xsas

2540
6288
73438 101420 144384 111645 114727 122

3
2683 288.0

6288

3

STIEDS

6258

3 _ 1316 117 9 2
36l:lu§ 361%1? 361?1 364’.1 36%1 361%1? 361;11 361;2g 361;%
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wes SYNFUEL PROJECT 93-8538  TEST RESULTS »aws
" COLD START TEST 8 @ DEGREES C ‘

RUH NUMBER 1529 150 1S3 ISER 133 1534 15Ty 1536 |
TEST CODE L w2 b2 3&%0: W02 312 3600 2 1573 BT 3irs
DAY (_iqhan) 8293 5203 4293 b2 6293 5293 42 6293
;}1{2& {military) 17 65% msg 17 ssg 1775 177;5 mg 17141 17 ng 17 7137
3
TYPE FUEL 570605 S7IEDS S7IEDS SVIERG S7XEDS STYEDS SYIEDS S7YEDS . SPYEDS
ENENE Sem T ;o 4 4 o uE %
ron) - - - - | o] 281 {
i3 i S T T e R I A I A B s L |
o - - - . : A7 28 1.8
SHOKE OPACITY O L7 17 L8 LB 83 9.4 7B 957 .
TEMPERATURE PARAMETERS (deg.c) )
COMANT IN 5 5 5 5 5 5 5 5
CONANT 1 3 3 3 3 3 i A
01IL 5uNP H 2 2 2 3 3 3 3
OIL GALLERY 2 2 : 2 2 2 2 2 2
INTAIE AR { 1 1 1 { 1 i 1 1
CELL AMBIENT 2 2 2 2 2 2 2 2 2
BOOST B4 INNER COOLER 2 2 2 3 2 2 a 3 2
BO0ST AF INNER COOLER 1 1 1 1 1 1 2 2
FURL IN { 1 1 1 t 1 1 1
EXHAUST 11 1 { 1 - -2 b1 5 4
EXHAUST 4 1 { 1 - I - BT
&%Jsr 13 1 1 1 -{ 2 5 [ 175
5T 1 1 1 ) -] 54 107 98
EYHAUST 5 1 1 1 = 2 M M 00
EXHAIST 45 1 | 1 1 - -2 75 134 93
EXHAUST STACK -1 | -4 -1 -1 2 W - &b
PRESSURE PARAMETERS
oIL (tpa) 40 43 38 3.8 17.5 S 59 82,7 177
{gpad 1187 B3 MBS 1282 136 S 132 130 19.2
COLD STAYT TEST @ @ DEEREES €
RUN KINBER 198 1539 ISAB 154 1532 1543 1SMA 1545 IS4b
TEST CODE O TaB2 3102 Wid2 682 ik 2 36102 3432 W02 id 2
DAY (juliam) ~ 4293 46293 4293 6293 6293 6291 6293 6293 693
nﬁ& tnilitared 17 722 177?.% 177z§ 17 ng 17733 x773g 7 ng 1778 17 74§
TYPE FUEL STIEDS STEEDS GVEERS STIEDS SVIEDS ATIEDS SZEDS STIEDS SUXEDS
ENBINE PARAHETERS . .
ENGINE SMEED (ﬁ"-ﬁ’ BSY  OI3 B3 1413 1402 1520 M5 2050 201
TCROUE #) 162 161 182 249 3.1 D3 BB A4S B/
POUER ) L5 1A 1h 37 k! A3 o1 BB 3;.4
SHRIE OPACITY ) W7 Wy W\ 3 el 58 84 B 3
Emmrﬁs PARANETERS {deq.c). ; . . 5 5 \
“uunr'" out A 3 4 5 ?, B § 3 3
1 3 4 4 4 4 3 4 S
OIL GALLERY 2 2 3 3 3 3 3 3 3
INTALE AR 1 0 ] ) -8 -1 -1 ol -1
%mmrr 2 2 2 2 1 1 1 1 1
B4 IR COMER 2 2 1 ] 1 i 1 i 1
BOOST &F IWNER COC(ER 2 H 2 2 k| 3 4 4 5
FUEL I 1 1 ] g 9 { 9 1 1
%ﬁg 4 8 % 51 o5 s & W nea
ST # 185 197 205 23 %2 2 21 3 20§
UsT 43 199 28 7 2 0 |7 W 22
T H 14 {77 29 g 3 3|} O™ I3
T 45 % 2 2 by &4 a8 i g
HAUST 45 R 58 47 5 13 g 7713 1
DOAUST STACK 72 7 8 %125 1 133 . 144
PRESSURE PARANETERS
0IL {lpa) 133.2 158.8 1001 2187 2462 279.6 303.9 3227 1494
FUEL (lpa) 1217 1345 1456 13B.0 [41.2 2.0 (4.7 @2 133
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e SYNFUEL PROJECT 03-8338  TEST RESILIS wass

- COLD START TEST @ ¢ DEGREES

RUN MUMRER 1H7 1548
TEST CODE L Wi 2 612
paY (iplxan) 5291 6293
TIE (mlitary) 17 750 17 75A
PHASE 3
TYPE FUEL STIEDS S7ZEDS
ENGINE PARAHETERS
ENGIHE SPEED (rpn)  §H49 783
TIRGLE {R-#) 92 114
POMR [{.()] 1. R
SHIE OPACITY 0 34 181
TENMRATIRE PARRMETERS (deq.c)
COMANT 1N s
CODLANT 8 [
QIL S ] b
M.% GALLERY 4 4
INVRE AlR -1 -2
CELL AMBIENT 1 1
BOOST BA INRER CORLER 1 |
# 8 7
BT & I
EXRAIST 4 %7 riv
EXHALIST 35 L] 3
EXRAIST #4 15 88
EXMAUST STACK 12 114
PRESSURE PARAYETERS
DIL {iga) I5.4 [b.7
{ipa) 1484 18.1
COLD START TEST # § DEGREES C
RUN RUMBER 1556 1557
Totd 2 Zafe 2
DAY (iv_liln) 8293 0293
HIIE (ailitary) 17 Bl§ 17 82%
TYPE FUEL STIEDS S7ZEDS
ENGINE PARARETERS
EMGDE SPEED (?-ﬁ) 3 ]
TORME (-1t) 5 3
POMER ) .4 i ]
SHOXE OPACITY [$4] 1.9 2.0
TENPERATIRE PARAMETERS (deg.c)
CODLANT 1IN 7 7
B o
OIL GALLERY 5 5
e i3
SE0% "0 Do conem P
BOOST AF IR COOLER 3 5
FIEL IN 1 1
B -
i 2
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i & oA
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1549
36%! g
17 75%
STIEDS

-
Tyl

0
p—e
e

2*‘.‘”0—-("9.&“*@“

= 1 .
owm e

BRRRET - credth oo

155
3618 2
1781

3
STLEDS

loweines

o ~cted .
—

==

1581 1552
J618 2 3410 2

6293 g2
w8 1787
STEDS STIEDS
1
45 7
4
IRE 3
b8
99
77
4 3
2 -

9 1
{1
& 6
11
n R
@45 133
W 1w
14 152
¥oon
7o
% 9
e 2.3
54 1813
1560 _ 1581
W2 w2
5293 629
7E] 1783
SPENS STZEDS
4 -
4 .5
o
719
7 7
9 9

B b
33

2 -
-4 -

1
5 3
i1
g2 &0
oo
7 115
20 13
% N
05
7 N

-]
o
~
o

74,
121 14.9

1553
Jol3
)

629
7 8

3
S7EEDS

lomun=

303

3,

— NP @ oL

»_l
‘awsrace

— b

Y ob S
aﬂw’d f#ﬂ-&a—‘ (7, LT PR ol

=
NS
s

o0

1554

10 2
17 8i3

- e ines

ra

e @m It 300

e
HB =

< £ e

4
TN O ~a~d

)
L

s
= R&—un

R\ Flda )

Ben
bty
e

ERY. o g

g e el 0™

thegragra

]
L= J&N

Suapute e
. 13

8.3
1231




245

APPENDIX M
PHASE 1, -20°C COLD START DATA
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ree  SYNPUEL PROJELY 03-BS3B  TEST RESULTS wwae
COLD START TEST @ -20 DEGREES C

EUN HUMBER 1673 1674 W73 1676 1677 1R79 1679 1430
gg?"sT LonE 361 2 3661595 361% 2 !&132 3611 2 361 2 Tall 2 341) 2

{julian) 5294 6294 6394 6294 6294 E29K 4394

;}11255 (nliitarv) 162938 16294% 16294; “’294; 1629:% xazw}s {bﬂﬁg 1630 :'S
TYPE FURL STIELS S7IEDS S7IEDS S7IEDS STXERS STXEDS S7TEDS STEENS
ENGINE PARAMETERS
ENGINE SPEED (l’?n) -0 - -0 -4 - -0 -4 -
TORALE (H-H) .2 2 .2 0 -280.6 -IM.2 -18.86 -173,
POBER X -0 -0 -0 =0 . g4 8 .
SHOXKE QPACITY 2} 1.3 1.3 1.3 1.3 i. L6 @5 %09
TEHPERATURE PARANETERS (deg.c)
CODLANT IN -19 -9 -19. -9 -1? ~19 19 -1?
CODLANT DUT e -2 -8 -8 ~19 -19 -19 -19 -1?
0IL suMp -18 -8 -8 -8 -18 -8 -18 =17
QIL GALLERY -19 -1 -9 -19 -19 -12 o GO St
INTAE AIR -23 21 - -23 -23 -23 23 -2
CELL AMBIENT -22 -2 -2 -22 -22 ~22 ~32 -2
HDOST B4 INNER COOLER -23 -2 -2 =21 -21 -21 -2l -2t
BOOST AF IMNER CUDLER -2 -2 -2 -20 -2 <20 -2l =28
FUEL IN -2} -2 -2 =21 -21 -2 -2 -2
EXHALST #1 -2t 20 -2 =20 -ab -28 13 =h

-28 -2 -28 28 -20 -2 -2 i
EXHAUST §3 -2} -28 ~28 -28 -28 =34 ~4 17

-2 =20 -2 -23 -20 ~1? =2 K|
EXHAUST §5 -28 =28 ~28 ~20 -29 -20 -15 -7
EXl h -2l =28 -2 -2 -28 -1 -3 13
EXHAUST STACK <21 -2l =2t ~21 -21 -21 bl LI ]
PRESSURE PARAMETERS
oL (kpa) 31 32 2.9 3.1 3.1 3.3 2.3 1.7
FUEL (kpad 207" 20,7 287 27 2S5 Xk #Hs 7

COLD START TEST @ -20 DEGREES C
RUN_HUMBER 1682 1663 1684 1485 _ 16Bb _ 1807 _ 1488 _ [&8D

TEST COBE C W2 3bl2 WIL2 112 362 36112 362 36112
DaY Ujolian) 8294 T £O94 6204 5294 ko9 4294 . K29R - h29d
e (nilitars) 1630 4 6307 10z 1630 16y 163122 seiieg 16313
TYFE FUEL STIEDS STIEDS STIEDS S7ZRDS S7EEDS STYEDS STXEDS ST
ENGIHE PARAHETERS

EHCINE SPEED (Fpm) -0 ) -p -p -} 78 el 17
TORQUE 1) -84 1.9 51 A7 b4 DA M6 S04
POVER () N S T R S N B 3 S
SKOKE PACITY @ ®5 9.4 93 W7 M1 97 NE 54
TENFERATIRE PARAMETERS {deq.c)

T S L | S I | S| R R
COOLANT OUT -8 -1|8 -8 -8B -8 -8 -7 17
OLL s . -15 -1 e I g R
%ua ‘ —53 -B zg. 2 @2 -3 B -3
CELL ANBIENT -2 @ -2 B -3 -3 -3 -3
HU0RT 4 T o S oa &5 4 & &3 & 3
e 44 % 3 44344
BT W 5 2 3 7 S A . R !
BT 33 £ 0B M B B B oW @

# 4 t 5 &' 7% % {5 {63

o1 45 -1 7 LT 102 18

# B9 8 7 & 12 16 190
BHALST STACK 1 @ 12 B 3’ I s
PRESSURE PARNETERS
oI pa) 7.4 9.3 118 Wb 175 207 a2 24
FUEL (hpal 120.5 (340 1387 147 13200 13206 1af§ 1359



waAR  SYNFUEL PROJECT (3-B538

€OLD START TEST B -20 DEGREES C

wmp
ke I
PHASE mitary SR
TYRE FURL STIEDS
ENGIKE PARAMETERS '
ENGINE SPEED rgm) 1503
T0RGUE o) 3B,
P W
SMIKE OPACITY @
TENPERATIRE PARAMETERS {deq.c)
COOLANT I -8
COOLANT OUT -1
e 3
INAIE 2 i
AMDIENT -3
50051 Dy THNER CORLER 2
BEIST OF THER s ~{8
FUEL IN -2}
EXHAUST #1 113
EXHAUST 42 =7
5 5
EXHALST % a
EXHAUST STACK 17
PRESSIRE PARANETERS
oIL .

2 I8
(Er’u) 12,

COLD START TEST @ -20 DEGREES C

RUN NUMBER e
TEST CODE b1t 2
A
nilitary.

JHASE 3
TYPE FUEL SIEDS
EHGINE PARAMETERS

ENGINE SPEED "I?-?I) 1979
TORQUE Ny 4.4
POR ' {mw 7.0
SHIRE QPACITY @ 365

TEMPERATURE PARAHETERS (deg.c)”
COOLANT IN -

kit
L Siop v iz
?ﬁ’rmazmm' _ ;}
“ﬂ fr"aTa ComE? -2l
;3&51 &F THER [0RR :g
et 1
8 e
JALIST 3‘5 3%
g’msr % m
EYRAUST STACK 187
PRESSURE PARAYETERS
OILM {ipa)

73.2
(ipa)  {34.5

1892 _ 1693 1693
611 2 36t 2 6112 b1 2
6294 5294 £204 6204
16303§ 16304% 163044 I&JM;
STIEDS S7XEDS STXEDS STAEDS
116 1512 1628 1812
244 B2 B[22 457
2.8 62 58 8.7
B4 NS W5 54
-i8 -8 -7 -7
-16 - -5 -l
-12 =12 -1l -1
o LAY + A B | ¢
-21 -2 -4 -2
~21 =21 -4 -1
3! -2 -2 -2
-18 ~18 -7 <l
-2 -2 -2 -2
] 8 &3 o
234 28y 2p1 289
23t an 274 304
158 197 23 an2
38 41 ' 21
140 191 182 LY
107 118 122 141
7.3 7 M5 4.4
1358 16 13.3 1343
1700 1702 1703 1704
1l 2 311 2 Wil 2 A1) ?_
8294 6294 o0k 529
1631 g 1631 g 163“% 16311:{:
STIEDS STXEDS 7XEDS STXEDS
1378 749 780 758
2.6 1.3 214 213
3.8 g 1.7 1.8
105 148 T8 Mb
12 -2 - -1 -
~i3 4 - -8
-4 =7 -8 -8
5 -4 -3 -11
N
S A L B | R
= -5 -1 -
-2 -2 - -2
41 i 28 23
oy 2t 187 585
2% 224 207 il
W Z a2 a
19 12 ? 3
2 133 1 163
15 123 15 1
73.9 B4l 850 943
1454 1549 158.8 135.1
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TEST RESULTS sxax

1698 _ 1699
38112 gy 2
627

1758 2084
335 4.0
6.2 10,3
6.3 8.6
-4 -4
-12 ~11
18 -4
-7 17
-9 -9
-3 3D
~20 -2
-3 -1
<25 -2
43 45
29 307
330 337
3% 48
17 19
180 354
153 &b
2.9  §7.7
132,24 1358
1787 _ 1708
38112 bl 2
5294 5294
163!2§ 153!25
STIEDS  STXELS
750 742
239 235
1.0 1.8
§7.2 8.5
-1t -1
2 -7
-8 -8
-2 -1
-8 -8
-12 -18
-19 ~18
11 -l
-1y -9
2t 20
175 174
1% 19
200 198
8 -1
180 193
5 105
11,9 118.3
151.8  130.0
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APPENDIX N .

PHASE I CYLINDER PRESSURE .
AND FUEL INJECTION PRESSURE DIAGRAMS ’ .

Note: The O percent load (shown on the figures) actually corresponds to 7
percent load. The 7 percent load wss the minimum required to ensure stable
dynamoneter operation.
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SPEED 834 LOAD %000 FUEL CONDF2 TEST CODE 1112

FUEL INJECTION PRESSURE (MPa)

CYLINDER PRESSURE (MPa)

20

15

10

120

11

100
90
80
70
€60
50

30
20
10

) 1 | ] 1 i b L T L L L ¥
1
T T I T TEPUE TP SEPEEY S TP TP
90 105 120 135 150 165 180 195 210 225 240 255 270
CRANK ANGLE DEGREES
L T T T T T T T T ]
5 p
¥ ]
C N\ ]
B | A 1 1 ) I 1 AI ! HE |

90 105 120 135 150 165 180 195 210 225 240 255 270
CRANK ANGLE DEGREES



252

SPEED 1400 LOAD %100 FUEL CONDF2 TEST CODE 1122
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1 1 [ 1 1] 1 1 1 1 i 1 |
90 105 120 135 150 165 180 195 210 225 240 255 270
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SPEED 1400 LOAD %050 FUEL CONDF2 TEST CODE 1132

FUEL INJECTION PRESSURE (MPa)

CYLINDER PRESSURE (MPa)
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SPEED 1400 LOAD 7025 FUEL. CONDF2 TEST CODE 1142

20 | L * | 1 . | L 1 LI | ' ] ¥ i L DL | ¥
~
nU- .
:15"' i -
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tad
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7
ﬂ10- -
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. i g
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% 5L .
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Q
ok 2
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CRANK ANGLE DEGREES
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LA SRR ]

N

L S SN I ] | {H 1
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SPEED 1400
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CYLINDER PRESSURE (MPa)
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~ 110
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80
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FUEL INJECTION PRESSURE (MPa

255

LCAD %000 FUEL CONDF2 TEST CODE 1151

LA L L L L D e D I |

| ST PNV NESUNY VRN MUY TV SN WU SUNUY SUNSY [N SHU S SN Y S SU T

90

165 120 135 150 165 180 185 210 225 240 255 270

CRANK ANGLE DEGREES

™17
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L 1 | 1 L L ] A 1 i 1
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105 120 135 150 165 180 195 210 225 240 255 270
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SPEED 2200 LOAD 2100 FUEL CONDF2 TEST CODE 1162
20 I | M ] v I 1 | L S 1] W A | A ] * 1 A B
?
z 15 -l -
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SPEED 2200 LOAD %050 FUEL CONDF2 TEST CODE 1172
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SPEED 2200 LOAD %025 FUEL. CONDF2 TEST CODE 1182

20

-h -
o [}
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90
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LOAD 72000 FUEL COKDF2 TEST CODE 1191

L LR I R IR I DL B DAL SN S BN B
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CRANK ANGLE DEGREES
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SPEED 825 LOAD %000 FUEL SHALE TEST CODE 1211
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SPEED 1400
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N
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LOAD %100 FUEL SHALE TEST CODE 1221

| ST S SN ST NN SN TUN ENU TN JUNNNY S MU W SN SN DUUUY SN NN TN SN W N
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105 120 135 150 165 180 195 210 225 240
CRANK ANGLE DEGREES

255 270
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I PR T |
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SPEED 1400
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LOAD 7050

262

FUEL SHALE TEST CODE 1231

| B |
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CRANK ANGLE DEGREES
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SPEED 1400
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LOAD %025 FUEL SHALE TEST CODE 1241

20 T

b ey
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SPEED 1400 LOAD %000 FUEL SHALE TEST CODE 1251

20 | DL | LA R R RN DL DL DL DEELE AL U N BN B

sf o i

10 | -

CYLINDER PRESSURE (MPa)
n
I
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SPEED 2200
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LOAD %100 FUEL SHALE TEST CODE 1261
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SPEED 2200
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LOAD %050 FUEL SHALE TEST CODE 1271
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SPEED 2200  LOAD %025  FUEL SHALE TEST CODE 1281
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SPEED 2200 LOAD %000 FUEL SHALE TEST CODE 1291
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SPEED 833 LOAD %000 FUEL TARSAND  TEST CODE 1311
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SPEED 1400
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LOAD 2050 FUEL TARSAND  TEST CODE 1331
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APPEBXDIX O

PHASE I CYLINDER PRESSURE
AND FUEL INJECTION PRESSURE DIAGRAMS A
SIMULATED AIR-TO-AIR AFTERCOOLER .

Note: The 0 percent load (shown on the figures) actually corresponds to 7
percent load. The 7 percent load was the minimum required to ensure stable
dynamoneter operation.
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APPENDIX P

PHASE HI CYLINDER PRESSURE
AND FUEL INJECTION PRESSURE DIAGRAMS
SIMULATED AIR-TO-AIR AFTERCOOLER AND
HIGH PRESSURE FUEL INJECTION SYSTEM

Note: The 0 percent load (shown on the figures) actually corresponds to 7
percent load. The 7 percent load was the minimum required to ensure stable
dynamoneter operation.
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