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APPENDIX I 

PHASE H DIESEL FUEL PERFORMANCE DATA 

I-I Simulated Air-W-Air Aftereooler 

I-2 Simulated Air-to-Air Aftereooler and 
High Pressure Fuel Injee~on System 
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"~"  SY~dELPEOJECT 03-U538 TEST ~ESULT5 ~*~*. 

RUg t!U~. 1264 1255 1266 1267 
_'lEG COL~ 2111 2 1 2 t  2131 2141 
DAY T (juZia.) 6239 ~36 623B 6230 
TII~ (nilitar~} 111036 1215 1 1257 8 13~41 
PHASE ~ = 2 '; 
TYPE FU~. COH~F2 COH)~ COH)F2 COH~F~ 
EHG[HE ,~URS 212.2 203.4 204,1 205.0 

EI~IIiE PA~A)~S 
EHGIHE SP EF..O (rpn) 809 1401 1404 1401 
TORQUE (H-H) 36.7 920.5 459.4 230.0 
PDBE~ liB) 3.1 135.1 67.5 33.7 
5SFC (¥ku-hr) 458. 2i3. 215. ~4. 
9~E7 (bar) .~ 15,1 7.6 3.9 
aTE ' ' (Z) 18,5 39.7 39.3 36.1 

ENGINE if'LOg PAXAHETERS 
FUEL F].Og (kq/hr ! 1,4 ~,9 14.5 7.9 
AIR FI.~ (kq/~r~ 201.2 630.7 445,4 394.I 
AIR FUEL RATIO 141.2 21,~ I.~,7 47.3 
I'I~I~AL AIR ~ RATIO 113.3 ~!.4 28.8 43.6 
SHONE OPACITY (1) .6 11,5 7,2 1.6 

TEZ4P~ATURE P~q~flL~l'~S (~;.c} 
COOiJdfl" IH 91 67 90 ?t 
COf~t.AHT OUT 93 93 94 93 
OIL ~HP ,07 I l l  106 103 
OIL CALL~Y ~ 106 103 100 
IHT@J(E AIR 31 T~ 34 
C.m AffglE~ 34 45 41 40 
BOI~T ~4 IHH~I COOl.JR 52 116 80 61 
lOOST AY It~q. COOLER 41 61 41 43 
FUEL !H 37 37 37 37 
EXHAUST 11 t21 5"5"3 402 2~ 
F.XH~T t2 145 ,%0 407 27"1 
I~.gtUST t3 139 5~ 43~ 309 
E)(tVJJST q4 133 ~1 407 
[V.HAUST ~ 140 561 408 
F.%I~T ~ IG ~4 .124 ~2 
EXHAUST ~A[:I 1Q2 S4I ;04 283 

PrEssURE PAH/~E'F2~ 
OIL (kpml B?.2 313.1 314,9 315.5 
F~EL . (kpa) 131.8 131,~ 141.7 1~1.4 
~I~UST ~4 TUX~Q (ipa) 3.? 54.4 2~.4 13.5 
FILTE~ RE~TRICTIflil (pa) 24.9 373.3 224,9 174.2 
~OOST AF II#],iI~IL'I)OLERtIpm) 1.4 96.3 31.9 11.q 
~OWJST STACI (Ipa) .3 2.4 1.D 1.| 

~ISSI~  P~AqE~15 
DS~ {qtku-hr} 7.3143 3316 
Z£~'O (~ku-hr.) 9.4~82 4,9812 
BSHOz (~Jku.-hr) 25.724 7.2017 
~ (1) 1.6 11.1 

{I) 18.0 ~,.9 

l~(H 9.7 149.9 
ISFC (kgliku-hr) 147.0 191.8 
I i ~  (bar) 1.9 16.8 
ITE,actaal (21 ~7.6 44.1 
tTE,~emreliczl (Z] 53.3 56.9 
RATIO, actaalllhetrelical .909 .77~ 

.7107 1.2445 
2.4567 2.~18 

7.q 4.9 
10.5 13.9 

1268 !267 1270 I ~ I  1~2 
2151 2161 217 t 2181 2l? 1 

62Z8 5238 5238 5238 ~23. 0 
1436~ I~175J. !61528 164915 11 3 ? 

9 O 5 5 

2063 207.0 207.3 207.9 210.2 

1404 'qP|3" ~02 ~07 ~02 
~ 6~1 ~ 1  ,6 ,5  ,56  
?~ 144.2 . 7  3?~ 1,~ 

Z~. ~ . . ~ 4 . . .  311. 611. 
1.0 10.3 5.S 2.B ,7 

~.8 37.0 33,3 ~,2 13.9 

3.3 33.0 19.7 12.2 6.4 
I5"1.2 9~.1 7AZ.O ~19.8 ~ . 3  
106.5 ~ .2  38,7 5"3,3 90,2 
?i.: 29,5 ~,3 ~ . 6  85,1 
1,1 b,5 5.2 3,1 I.~ 

~. ?0 9I 91 
93 93 ?4 93 94 
78 112 108 105 103 
97 lOB 105 103 101 
35 36 38 37 31 
38 46 44 A.t 36 
51 148 103 ~ 59 
43 ?3 53 43 41 

1~0~ 40 40 39 
49 ~. 364 303 1a/ 

t?8 

1~ ~07 405 
194 569 419 305 2~ 
log 451 ~64 ~38 2[~ 

~.~ . s  577 ~ :~  
149,3 74~.s 547.4 ~ : ]  

4.2 . . e  ~ 7  ~4.~ 11., 
,7 4,1 .7 .3 , l  

4,9311 ,W62 1.3025 2,&689 11,229 
6.1803 E, IZ39 2,6417 4,7751 13,26~ 
9.312 5.~04 4 . ~ 2  5.4031 8.7484 

2,3 7.3 5.4 33 2,4 
17.5 1U.7 13.2 15.2 17.3 

742.7 741.7 241.7 741.7 741.7 741.7 741.7 
142.0 77.9 77.9 ?7..o 77.9 77.9 113.8 
93.7 31.8 31.8 31 .9  31 .8  31,8 57.5 

92.1 48.5 
177.2 163.0 

9.2 5.4 
47.7 51.9 
58.? 60.9 
.810 .1352 

~ ,  ,76, 1, ,7 7 , ,  42~ 
1,.~ .7 .2  1~.,  171., ,5,.0 

2.~ ~2.5 7., ~.o ~.0 
60,? 45,2 47, D 47.2 .~0, 
62.9 583 60.1 &t,3 62.6 
.968 .771 .783 .803 .895 
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. . . .  51'~REL PROIECT 03-8~38 TI~T flESULT8 ,~,~ 

RUN i~H~TEST CODE 31112~1 3121129(3 31311297 314112"°8 311j,  ~ '  31611300 311101 311~0~ 311.~01 
OAY (julian) ~H2 6282 6282 /,292 /,282 6282 6286 t~286 ~286 
TIHE (niIilarv) 10 543 1023~ 111431 .1153 Y 13 5~P 134454 10821 10558 114~ 
PHASE 3 ~ 3 3 3 3 3 3 COHOF~ 
TYPE FUEL L'Ofl~2 L~'lDr~ COH~.2 CO,F2 COH8F2 COH~F2 CO~F2 COHDF2 . 
ENGISEHOI~S 246,0 .~46.4 247.2 248.1 247.1 249.8 ~ I . ,  257.6 25"3,6 

]~1 '~  ~ ~Fp~,~,',etE'T E~ s (rp,) 799 1402 1400 1402 1407 =01 2201 2199 ~P04 
~ltG4J~ ( H )  37.4 995.6 45%? ~1. I  M,2 706.5 338.3 171.8 45.3 
~ o ~  ~.)  3.~ 13o.I 67.1 ~4.o ?.5 162.o ;',.o 3%6 lo.5 
j ~  ( q / , ~ , )  ~ .  208. 216. 2.,~. :~,. 216. ~4~. 3ol ~2~ 

(bar~ .6 11.5 "7.6 3.8 1.1 11.5 5.6 2.8 . s  

~TE (Z) 18.2 41.6 3~.1 3~.2 23.8 39.2 34.6 28.1 13.5 

DIGII~ FLOM P~HET~.G 
FUEL FLOII (kq/hr) 1.5 27,I 14J, 8.1 :1.4 35.s 19.1 11.? 6.6 
AIR FL~ (kq/nr~ 201.| 584.1 4~7.B X73.1 351.7 ?TJ.5 797.2 664.2 587.8 
Allt FUE). RATIO 137.1 21.5 29.3 16.3 h~4.5 27.7 41.3 55.7 6~.8 
CH~'IIr.P.... AIR FUEL RATIO 167.7 21.1 28.5 43.? 6?.8 28, ~. 50.1 55.2 180.3 
SHO/E E#~ITY (Z) 1.5 5.0 3.8 3.0 , 2.7 3.1 2.5 3.t 1.7 

11~P~ATIflE P~.~r-.~S (de~.cJ 
COOLANT Z~ 
IC8~.LAk'T Ob'T 
OIL SLiHP 
OIL GALLERY 
IFZT~E A I R  
CELL A~LDII~T 
BOOST J~4 IHHE~ COOLER 
D~IST ~ I ~  
FUEL IH 
~AUST 11 
EXIST #2 
~I~ST ~3 
EXHAUST 14 

£Xik~UST 16 
E D ( ~  STALl( 

OIL (kpa) 
FUEL . (ipa) 
EXli~UST 84 TUII~ (IPa) 
r"ILTE8 RES~ICTI~N (pa) 

AF I~CO[~.R(kpa) 
~OWJST 5TACK (kpal 

B8 6? 
YO 94 
91, 106 
8? 102 

37 113 
34 57 
31 34 

141 5"3, u 
131 535 
137 570 
118 559 
116 528 
141 521 
12~ 512 

BI~IO~ PARAI~'i'EItG 

ld& 102 98 
102 1~0 ?7 

~ 5P 47 
47 44 

35 35 35 
408 307 18~ 
410 ]07 197 
415 303 182 
40? 287 

400 289 172 
3% 289 180 

112 tOT 105 104 
108 105 103 t01 

147 ,"7 50 47 
73 48 40 40 
41 32 34 23407 

=,09 353 27? 
=,15 354 286 213 
517 T/a. 305 ~O 

506 
~Z 3e2 ~25 237 
453 ]2? 278 211 

256.0 315.3 315.5 317.0 317.1 343.7 3t?.4 350.4 ]51.? 
10].4 117.? 156.6 159.9 161.9 103.2 122.3 128..~ 128.7 

3.7 45.5 20.3 13.2 8.~ t03.5 61.7 41.b 2~.9 
124.4 447.? L~8.6 Zr.l.7 248.8 77.I. a, 597,. 485.Z 423.0 

DSIIC (o~whp) 9.2176 ,7359 ,B125 1,4484 5.6546 .8514 1,~312 2.92.o? 10,~7 
BSCO (q/kv-kr) 8.1253 3.9148 1.7238 2.2250 5.3811B 1.1133 1.~1JI 3.35~4 10.045 

7.8784 13.367 BSNOx l~/k1~r) 72.5~ I0,451 12.Y67 11,174 12.909 8.2145 7.6432 
c02 (z) 1.9 10.1 7.5 4,B ~.3 7.6 4 z .  .3.2 Z.1 
02 (Z) 17.3 6.5 11.I 14.1 17.2 10.0 14.," 16.2 17.4 

AIt~IBIT r~Affl 'E~ 
)ARO.P|~SURE (.,ler~) 712.2 742.2 742.2 712.2 742.7 742.7 745.0 745.0 745.0 
A~LIT(  HURI)ITY (9n/15) 180.6 11|.6 110.5 110.5 104.0 1|4.8 42.6 12.6 42.6 
RELATIVE IRgRDII"f (Z) 773 77.9 ?7.9 773 56,6 55.6 65.2 65.2 65.2 

INOICATI~ PA~T~5 
IKll ?.7 144.7 82.1 48.5 24.6 174.7 107.7 71.6 42,5 
I~C (kg/ikv-hr) 158.4 lff/.2 177.& 166.1 1~.7 160.4 1~;? 1~.6.5 151.4 
l l ~  (bar) 1.? I6.2 9.2 ~.4 2.7 13.9 7.8 5.1 3.0 

tTE, ,,c~,,I (Z) 56,3 45.2 47.6 58.9 61 .? 46.? ~8.6 50.0 54.8 
r~.tnetretJcal (Z) 63.3 56.8 ~.7 60.8 82.9 58.3 60.3 61.4 52.6 

RATIO, IctwalJ~e4rll'zcal .eB? .7?6 .912 .638 .764 .604 .805 .8L7 .875 
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APPENDIX J 

PHASE H TAR SANDS PERFORMANCEDATA 

J - I  Simulated Air-to-Air Aftercooler 

J-2 Simulated Air-to-Air Aftereooler and 
High Pressure Fuel Injection System 
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mnn S'~NRIEL PRO3'E~ 03-65~B TEST ]~ES'IJLTS *.*+ 

RUH ~ H ~  

DAY l j ,  l~an) G2~ 6~9 6~9 6~.~ 6239 6240 6~49 G240 6~40 
TIHE (, i I ixars} 1T~16 t46~5 !14458 159~8 1545"35 104549 113051 1~7J.8 13413 

TYPE FUEL TARSAH TARSA~ TARSA~ TARSAH TARSA~ TARSA~ TARSA~ TARS~ TA~A~ 
.m~m~,RS 211.e m.o  m.4 m,9 m.5 21~.4 21D.~ 21~.6 2~.~ 

~ + i . ~ , ~  +~'s ,,,,,~ ~ I1O+ .o? 1406 , 4 ,  2202 ~02 ~.01, 111 
TOm., , , - , ,  3,.1 91 . ,  458.? + . +  +,.5 ,m. l  +-,.+.9 111., 41., 
,0~, , , , ,  ~.2 ,1 .9  + . ,  ,+.6 9.~ ,+.2 7,. ,  +,.~ ,~.6 
+ :  < + , ~ , ~  +,',. m .  ~ .  ~2. ~ , .  ,,~.. ++~.. ~ .  6,0. 
, ~  ~ , ,  . ,  ,~., ,.~ ~.~ 1.1 ,0.4 +.5 2.0 .~ 

EHGIEE FLOW P~AHETERS 
FL~L FLOH (kq/hr ! 1.3 ~0,0 15.0 9,1 3.5 ~3,5 17.6 11.~ b,6 
AIR FL611 (kg/hr+ 213.2 ~40,5 4~.6 357.7 ~2,8 974,3 77/Z,1 647,5 576,0 
AIR F1JEL RATIO 160.2 21,3 27.2 45.2 100.1 29,1 39,5 5"5.8 86,9 
C~E~ICAL AIR F~EL RATIO L10.6 20,5 27.7 41,6 8?,5 ~,3 ~9.0 53.? 9],3 
SHOIE QPAC'rlx 

TE~ERATURE P ~ A i ~ 5  (de~,c) 

C~L~N 
OIL ~JEP 
OIL G~Y 
INTAKE AZR 
CELL AP, OI~T 
BOOST D4 [~HE2 CImLEX 
8OUST A~ ~ CO~.~ 
F'UH. IN 
~'I~UST 11 

~LIST 13 
F.,~]~JST e,4 
~J~AJST 
EP~H~UST t6 

PR £.,~LIRE P ~ A ~  
OIL _ _ (~P~) ~1  (kpa) 
E~JYJS'T 54 TURBO (kpa) 
I:ILTi~ ~ES~ICTI~ [pi) 
SOOST ~ ]..~COOLEg(~pa) 
~HAIJST ~Ar_.J( (lpaJ 

(Z) 1.? 16.5 6,3 l.~ 1 , 7 "  7.9 6.6 1.8 1.2 

P~ 109 107 
105 103 

44 137 82 
41 63 41 

121 565 ~90 
141 ,%7 40~ 
130 5V4 434 
123 ~65 41I 
I ~  571 413 
131 614 431 
129 54~ 410 

103 99 112 109 105 tOZ 
101 .~8 107 105 10~ 101 

62 " 53 146 ?B 7~ 
44. 43 71 51 41 46 
37 57 39 39 39 39 

29O 161 490 3"75 291 192 
294 179 500 ~81 310 22O 
30~ 197, ~44 417 ~2~ Z58 
2G? 172 519 397 296 234 
280 179 511 397 ~04 ~o 
29, 1,~ 561 421 ~,4 ~, 

16~.6 11o.6 1~.7 ,4~.~ 1~.4 ~ . ,  ++.1 1,. ,  10,.6 

:] 1..,~., ~'t. '0'I. ~:l ,o+~.,,., ~++:~ ~.+,, 12.~. 

DiISSII~ PA~A~E1~ 
~tlC (q/k~r-br) 9.4~7 ,6510 .9257 1.3Zr~ 5.1B~ l.ilb4 1.3987 2.6448 15.678 
B51:O (~tu-hr) 13,174 5.1112 2J,974 2.8363 11,591 1,5169 2.$91 7.67"/I 32,247 

12 2~4 ~ t  ~.6~,~ 11,p~ '5'pl. . , Bmm (~'~,~. 26.167 7.7111 ..,7~ 7.rf~ 
m 1.9 10.7 ..o 's.~ "',.~ 

02 ('t) 17,9 6.6 I|,I 13.6 17.2 10,8 13,2 15.2 17,1 

~mSIDTr PAqA/~:'IEXS 
PP~6,PRESSURE (rer.Eki) 741.Z 741,2 741,Z 741.2 741.2 741.2 741.Z 741.2 741.2 
ADSGLiJTE HL~I~ITf (9n/lb) !12.2 112.2 I12.2 112.2 112,2 115.4 I15.4 115.4 115.4 
RELATIVE ,.'SJfllDITY (%) 54.B 54.8 54.8 ~4.6 54.6 75.3 75.3 75.3 75.3 

t~ICATE~ fA~AJ~'TE]S 9,7 1~6.7 82.8 48,5 24.6 178.3 I0~,7 70.9 42.~ 
tg:c (t9/ik~Phr} 13|.8 191.7 181,0 167.~ 143.2 187.7 178,4 163.8 15~.9 
IIL~ (bar) 1,8 17,5 9.2 5,4 2.7 12,7 7,8 5,0 3,0 
11~+lcTwal (Z) 66,1 45.0 47,7 51.~ 60.3 46,0 48.4 52.7 55.3 
ITE.TheoreliCal (2) 63.4 56.7 58,6 60.? 62.8 59.6 60, l 61.4 62.6 
RAT]D, actoallthelrettcal L.O~ .794 ,813 ,648 . ~  ,764 ,904 ,858 ,085 
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Hi,+, 5YHFUE1. P R ~  O3-B~B TEST RESUL'IS m .  

RUN NUP,~ 

(julian) 
TI~ (~ilixarv) 
PH~ 
TYPE FUEL 
~GZ~ HOURS 

E~tHE PA~A~'T~S 
EHGINE SPEE~ (rpn) 

(H~I 
• ~KM) 

BS~ (g/klPt,') 
BHEP (bar) 
BTE (Z) 

~GI~ FLOU P~im'IEIERS 
FUEL FLW (kr.dh+') 
A~ ~ RAT~D (kg/hr) 
SCH~EAL AI]t F I~  RATIO 
HgLE OPACITY (2.) 

T~GATL~ PAIML'i~ (deg,c) 
CD(]L~T IN 
COOL~fl" oLrr 
OZL SUHP 
gal. P,~LEIY 
ZHTtlE AIR 
CELL 94 I)IHER COIIZ~ BOOST Ai~9IEHT 

EXHAUST 11 

~( I ' ~T  1,3 
E:XHkLm" ~ 
E]mAIm" t5 
F.,.,mtklmT Im 
E~Gt~IST STilt 

PP+~3SUItE PMIVETEIS 
on (.kpa! 

(kpa+ 

_F~TEI RE~'3111C'I'I~ (pa} 
]+!)081 AF III~E31COgI.ERtkpa,~ 
~0L41JST ST4I)( (kpa) 

DIIS~IOH Pk~AI~TE]tS 
BSHC (.qlk~r) 
]k~CO tlj/Su-,hr ) 

l+,/kv-br) 

N~IDiT PM~E) IS  
) M D , P ~ E  ( ) 

(bar) 
'(~ +!ctla'l (Z) 

,tfteoretical (%) 
HATTU, acteallthteretical 

1314 1305 3.31108 1369 
n , . 1  :m,+i :m~t :~Ip~ 

5287 t:.aB7 +,287 +26? 62~ 52~ 6297 ~87 
9172~ 1041 9 111650 1217"~ 125117 1325 t 14 0~2 L4412B 

t+.qam 3 3 3 

• :+.B 2,%.+ 257.3 257.9 256.9 259.4 258.0 .'+60,6 :~t,1,2 

802 140I 1401 1379 13~) 2201 ~02 ~01 2203 
3'7.1 92).I 459,2 22~.7 +.4.8 741.4 336.3 171.0 ~ , 8  
3.! 135.4 ~7.3 33,7 ~,5 171.6 7'7.5 37.4 16.6 

~41, 213. 208, 211, 2~2, 208. 223, 259. 4?8. 
:, 15,2 7.~ 3.8 1,1 I2,2 5,5 2,B .6 

~ , 4  42.6 41.5 41.1 ~ . 0  41.5 38,7 33.3 il~,l 

1.1 9 . 4  14. II 7. I 2.5 ~ . 5  17.3 10.2 ~.O 
I78.0 t113.9 123..+. 374.6 3~/+.4 1r+ns.5 758.3 ~.+. 590.7 
let.J. 22,4 30.5 53.0 143,5 28.3 43.6 ~,6  117,1 
115,4 ~.+. ~.0 44.? ~.1  28.7 41.8 56.6 ?1.3 

1,1 4.3 2.1 1.3 2.4 ;%5 3.0 2.5 1.~ 

,'I m '~ P+ ++ +~ ;~ m p~ 
99 I11 l ib 103 9B 112 109"10+.  103 
?7 115 114 111 9"7 1|8 I03 114 )Ol 
18 19 21 :~ a3 21, 

+, I1, 7, ~ . 14~ . 70 . 
4o ~, +, . +, ,+ e ++ +, 

m m 3 .  ~ 17, 5,8 ~+.+ ,,1 1.8 
1~, ~ ,  3 .  + 1,1 5, ,  31  ,,1 20. 
I .  ~ ,  , .  ~,1 17'+ m,2 :.<m + .  ~4  
133 55/ 415 27't 149 559 38g 302 P17 

7.m+ .,,m, . m  (.rim 4.+',m . m e  1.1,+31 + L~- e.+.7,,, 
7 . ~  , . , m  I . ~  , . , m  , . , , ,+  1 . m i  ,.'~43 ..,:+,~ 1,,.0,, 
31 .m , . m  I , , , 0  I+.31,, 11.++..9 9.+,+m 7 . m  e.mm m . , 7  

tlL:P 7?:+ 7.+ 4.,  a.3 7.+ +.I 3.+ a.+ 
1|.5 14,2 16.4 10.5 14,1 15.5' 17.3 

714.1 744.0 741,1 7~.1 744.0 744.Z 744.2 744.2 744.2 
5"3.4 53.4 53.4 53.4 5"3,4 57.2 57,2 57.2 57.2 
~ , l  68.1 ~ , l  5B,l ~6.| ~ ,4  4/..4 46.4 41:+.4 

9,7 149.9 82.1 48.5 24.6 202,2 109.7 71,b 42,5 
119.4 182,9 170.6 146,1 1ft,? 175,6 157.7 142.4 119.6 

47.2 ~1.6 ~.1 65.5 47,1 , 51.5 ?2.8 
P],O 59.9 61,3 63.3 58.5 6rl.t. +,1 .B 63.1 

1.241 .e27 ,e59 .9~ h ~ l  ,8~.I ,903 .780 1,154 

ms.( :313.7 '+,+.+ 317.0 3 , . s  3,2.++ ++,.+.o m . 9  +,7.1 
,~, . ,  Im.,  m . ,  Im.1 I30.0 ,,,.4 )IS.+ 

,.I ,8 . ,  10.3 104 7.i 107.,, + : +  1,I.+ Im.1 
Ia+.4 4+:+, am.t, zm.e m ; e  r]t.4 .~;+ ~+:+ 

, . ,  m.:, + .o  I , . ,  +.4 n3: ,  4,.+ m.3 1,.,, 
, . ,  1.7 .7 .:3 ..+ -'<.7 +.o I.+ t.+ 



APPEKDIX K 

PHASE lI 57 PERCENT EDS PERFORMANCE DATA 

K-1  Simulated Air-to-Air Aftereooler  

K-2 Simulated Air-to-Air Aftereooler  ~ d  
High P re~u re  Fuel Injection S~fstem 
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'**~ SYNtaX. PRO.XET O3-B~B TEST RESULTS v--* 

TESTCO~E 25 I 1 ~ : }  1 ~63 I 254 l 
~Y (julian) 6:}41 6241 /̀ 241 &241 6241 /,241 
TIE (ailizary) 11 39 12 02 IZ383& 133733 l~t~,O 1~.14 

TYPE FLEL ~ ~ S  ~ 5"?~S 57Z~S ~ S  
EHGINE itO~XS 222.1 ~PA| 223.8 ~.5.g Z26.| ~ . 5  

• G]]~ ~rr'n (rpn) 629 1401 1415 1418 141B ,'~04 
TO~QL~ ()r--H) 37,4 ~)2,9 4~8./` ~..? M.O 663.5 
Pfl~Bt (XY) 3,Z 142,8 67.5 ~,9 9,4 1~.1 

10.9 
BE (Z) 193 41.6 38.4 ~,~. 22.7 38.1 

E~G]I~E FLOW PAI~EI'£RS 
FUI:'IFLOH (kq/hr) :.4 20,2 1~.~ 378j:~ 3.b 34.6 
~ze~o~ (kq/hr) 2 , .9  ~Z.6 4ze., ~6,5 WO.O 
AIR FUEL RATIO 143.l 21.6 29,1 45.4 99.9 ~.B 
L'FE~ICAL AIR FUEL RATIO 115,6 202 27,'{ 41.1 95,4 ~,5 
5HOIE OPACITY (Z) 1.5 15.~ 5,1 1.0 1,4 8.6 

"I'E~ERATUEE PARAi~$ (deg.c) 
COOl.NIT IH ?0 

INTgE AIR 

BOOST B4 I)O~ COOLE~ 46 134 77 56 47 151 
]'O05"T AF' l l i ~  CUOt~ ao 5 42 42 41 T3 
FL~. IN ~ 34 34 34 34 37 
DLHAUS"f i t  1:~ ff~t 3~ 2,~ 149 ~Ol 
EXHAUST t2 148 5~2 409 287 170 511 
EXI~ST i3 1~ 588 439 310 193 ~515 
F..k}WJST t4 132 5~ 41/̀  2~ tel 5~ 
~OiALIST ti~ 138 567 411 262 173 518 
~ T  #6 l]~ 5~8 432 ~I  189 57~ 
~(}]AUST ~i'ACI 145 ~ At2 ~ 173 456 

PRF.S~E P~ETE~ 
OIL (~pa), 2~,9 314.7 315.6 3L8.3 319.9 344.3 
FUEL (kpa; it~,a 114,9 I41.7 I~,1 15(:,13 8~,7 
E~J'~UST ~4 TI~H) (kpa) 5,4 59,b ~4,9 15.6 9,5 
nLTEZRF_~IC;Z~ (p,~ 14V.Z 5~.6 323.5 27~.7 273.7 ~ : ~  
BOOST AF IHHUt~OOLER(ipz) .~ 102.9 31.8 10.2 4.0 117.3 
B3WJS"T STAO[ (kpi) l , l  l . t  .7 ,3 1,1 3.7 

I~ISSIOH P k ~ ' B 5  
IIE;E ¢~kw'hr) 9,4149 ,&Q~8 ,9451 1,4~1 
DSCO (~k~rSr~ 12.757 4,4~4 2 . 6 ~  ~.72~ 
~lOx {~kw-hr) ~.74~ 7,B?'/I 9.3812 12.t,71 
L~ (Z) ~,1 I1,~ 7,? 5.:} 
O :~ (Z) 17.1 6.8 10,1 13.& 

~,RO.PIF_~E (nn'~) 744.2 744.2 744.2 7 .°2  
~BSOLUTE HU~I~tTY ( qnl~5} 91.8 91.0 91..q 91,8 
]IELdTZVE ~ILIOFTT 61.5 51.5 61.5 51.5 

tKH~ ICAIE~ 9,7 15"7.4 62.1 49.5 
~AHET~S 

I~C (kq/Lku-hr)  149.2 1~,! 164.1 1&9.& 
lye7 (bar) 1,8 17.6 9.2 5.4 
IE~zctI~}. (%) ~7,6 44.7 .~,7 51,? 
ITE,thearet~¢z] {%) 63.3 56.B ~8.6 60.7 
RATIO, tct,l/zhearetica] ,911 .7~ ,797 .8;~ 

6P41 /̀ 241 b -'.?1 
16 440 1636 3 1~|3:} 

~ , I  227.5 N8.4 

3"~.7 168,5 
7"/,5 39.8 10.7 
:}M. P~(;, 589~ 5.5 2.8 . 
~5,~ 311,1 14.7 

19.~ 11.1 6.3 
769.6 646.4 577,7 
40.7 58,2 92,3 
~A,8 53,5 82.2 
5,7 !.5 1,0 

117 104 112 
104 |g2 1RO 

49 ~ 4'; 

I 28? I g  

396 L~ 
3W 319 ~4 
412 ~ 244 
354 ~ 215 

34~,1 347,& 349.2 
• ~,5 !15.8 I!1.1 

~:~ ~:~ ~:I 
. 6  ~ : !  . . 4  
I , I  I . l  

6.5101 1,1145 1.~'Z 3.Z096 18,479 
12.1"~ 1.9249 2.r/5~ 7,64tl 31.517 

6.5.2 ~.~ 7.3~ "'r~ 
,7.2 , . 5  1,., ,~.~ 17.~ 

41,7 41.7 

744,2 7442 744.2 
91.0 90.1 9| .0 
41.7 41,7 41,7 

.~4.~ 1 . .1  I . . 7  7,,9 4 .~  
.5 .a  1~.7 ~ . .~  1~.7 147.1 

2.7 I~.2 7.,  5,1 
~9..~ ~.0 ~.8  ~.9  a:~ 
62.o ~.6 . .~ ..6 62.7 
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- - -  SYHF'~ PROJECT 03-8538 TE3T RESULTS - - -  

EUHHIII~SER 1313 1314 ~131~31 1315 
1TST CO~ 361 1 3621 ~ 4 1  
DAY (.~glian) 6288 /,289 6288 ~288 
T I~  (n|l i larT) ~438 101420 104344 111645 
P~A~ 3 3 3 3 
TYPE FUEL ~ ~ ~T;,BS 
~GIK HOURS 2~.9 254.3 2f~.8 2~5,3 

i ~ :  P ~  WE~S (rp,} 618 1401 140t 13" 
{H-H) 37.1 935.9 459..0 2~1,3 
IKH) • 3.1 13'7.3 67.4 333 

(q/ku-hr) 466. 20~. 218, ~ ,  
(bar/ ,6 15.4 ?.S 3,8 

~TE (Z) 18.5 413 39,4 ~ .6  

FLIR FUN (kg/h_ r) 1.5 263 14.7 8.| 
A'm ~ (kq/5r) 21~.~ 611,2 422.7 3743 
AIR ~ IZAT[O 141.7 21,6 28.9 47.0 
Ci181ICAL AIR FLEL I~ATIO 119.3 22.2 ~8.5 44. t 

OP~ITT (%) 1.4 ' 4,7 2.6 1.5 

11U4PE3ATL~r PA~AJEI'E3S (deg,c) 

88 93 94 
OTL ~ E9 I18 JOB 113 
OIL GALLi~Y 67 114 !14 108 
INTAKE Ale 

BtX~ AF I ~  2? 3~ 39 

tl 
f3M6T t2 1~ ~ 399 295 
E35WJST 13 112 5~8 404 

ETJ{'..tb'[ t6 119 530 397 ~2~ 
5"T~e.D[ 121 '511 384 ~1 

PIIE~gJIIE P~E'TEJ~ 
OIL (ipa) 264,3 315.8 315.6 317.3 
FUEL (~a) 117.2 129.4 148.1 157.8 
~ . ~ .  m o  c , . )  3. 19.4 ~T~m~CTm (,.1 , . .~ ?~:~ 12.3 298.6 243,8 
)D~5"T ~ ]l~COOLER[kpa) I , i  91,4 27,? 11.5 
~OfALiST 5"TACI (kpaj I , l  1,7 .3 .3 

(qp.j,-I,') 9 . ~  .7~3 .6111 1.3T]1 
3.0843 2.16~ 9SCO (~w-br )  15.319 11"t# 1.4405 

cz) 1,.~ 7~ 11., , . 1  

~ I F J #  fiENEtl~S 

1 RAT.~ t{LIOg]ITI' 17,) ~6,Z r~.2 55.2 55.2 

KH 93 152.2 82,1 48.5 
I ; C  (kq/tkw-krl 19,6 185.9 177,2 154.3 
]11~ (ke) 13 17,1 9,2 5,4 
_ITE~Jc?,I (%1 57.1 46,2 48.1 52,3 
lTE;~ereticJl  (Z) 63.3 ~ .8  59.6 61.9 
IIAT'LO~ t c .d / thurmvRJl  .912 .814 .021 .861 

6288 ~288 
114727 12.20 o 

3 3 
b ' ~ S  57'~S 
~5.B 2~,3 

1396 219~ 
~,3 741.8 
9.4 171.8 

348. ~13, 
1. I 12.2 

243 ~.!,3 

3.3 36.4 
25"~. O 1015.3 
1053 27.6 
91.11 m.4 
2,4 3,2 

43 147 

189 516 
[77 5"~ 

17 t 5"37 
178 45~ 

318.5 342.4 
1523 99.~ 

~'.t ~t~:~ 

5.3452 .641D 
B./~:W !.1652 

9.P~62 15.~.~ 73 
17.~ t11.2 

Td 7~:1 
%.2 393 

23.9 212.9 
t~ .?  177.5 

2.6 14.5 
62.8 47.? 
53.1 ~ . 3  
,9'98 ,921 

6288 628B 6HB 

~66.~ 26,.7 . , m  

22O2 22OO ~06 
3"~. ;: 178.1 45.8 
77.5 392 1L5 
Z34. 278. ~9. 
5.5 2.9 .8 

36,7 303 15.9 

18.2 10.9 5.7 
757.7 647.7 5g.?.. 0 
413 59.4 102.I 
41.4 55.5 87.8 
3.5 L7 2.1 

119 106 103 
106 114 101 

~9 

372 ~8 297 
385 3t3 233 

tg N N 
396 318 229 
343 273 Zg5 

~3.6 345.7 347.5 
117.9 124,8 128,4 

48.1 23,7 1I,~ 
!.7 I , I  , 

t.2~5~ 2.3194 9.|791 
1,8-411 4.3~:189 21.926 
, , , , 2  ,.19,2 14.2,2 

,~:I 3., 

39.7 39,7 39.7 

!19.7 7t,9 42.S 
I ~ . 5  15L~ 134.1 

7 8  
51:9 ~:I z.J 
6D.4 61.6 623 
,860 .9B 1.1~0 
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COLD ST~T TEST g 0 ~EGRrr'q C 
SYHF1JEL PROJECT 03-85"38 TEST RESULTS H,z 

15Z9 1~3~1 15"31 I~2 15"6] 1534 
~102 ~610Z ]~102 ~10~ 3610 2 ~610 2 

~93 6293 6E93 6L'~ 6293 6293 
17651 17b55 17658 1771 1775 1778 

3 3 3 3 3 3 
57'11:1)5 ~ 5"7%~5 572E05 ~ 5  

-0 -0 -0 -0 -6 -8 
• 3 .2 .2 -86.3 -172,3 -173,5 

-,0 -.! -,0 .0 ,D ,0 
1.7 1.7 1.8 1.8 6~,3 99.4 

3 5 5 5 5 5 
3 4 4 4 3 3 
2 2 2 2 2 3 
2 2 2 2 2 2 
1 1 1 1 1 1 
2 2 2 2 2 2 
2 2 2 2 2 2 
1 1 1 1 1 l 
1 1 1 I 1 . 1 
1 1 1 1 -6 -2 
1 1 I 1 -0 -2 
1 1 1 I -g "Z 
1 1 1 1 0 -1 
1 I 1 1 -1 -2 
I I 1 I -0 -2 

-0 -! -I -I -1 -1 

4,| 4,0 3.8 3.9 17.5 3&.5 
118.7 !18.5 118.5 124.2 13~,f, :2~.5 

RL~ HU~ER 
TEST CODE 
DAY (jolian) 
TIHE (military) 
P~SE 
TYPE FUEL 

~GIflE P~R~ET]~5 
E~GIfl~ ~EED (rpn) 

S~(E OPACITY (2) 

TEntATiVE P~ET't.R5 (de~.c) 
COgLAHT IH 
COH.A~T OUT 
OIL S1JIQ 
OIL G~J~t 
Ilfr~(E AIR 
CELL AHgIE}IT 
~00~ ]]4 IHH~]~ CO0,.~J] 
'8~S]" AF IHNE~ COOLEX 
FLJ~. IH 
~OiAU~I' tl 

ST t3 
Tt4 

EIHALST 15 

E~L41JST ST~CI( 

PRESSURE PAR~IP~FERS 
OIL (tpa) 
FUEL (~pa) 

COLD ST~'~T TEST E D DEGREES C 

RU~ ~.~R 1~9 
TEST ~0~ 3~,10 2 
DAY (julian) 6293 
~H~ (nili,ar,} 17 72~ 

TYPE Ft~ 57'A~ 

EHGIHE PARA~TE~S 
~l~ SOEE]) (rPn) B59 
TG~G~IE (N~tl) 10.2 
POl~ 1.1~1) 1.5 
SHOE OPACITY (Z) 9%7 

TE~E1ATU~E r~AJ~'TE]IS (deq.c). 
CI)9t.A~ IH 5 

OIL GALLER~ 2 
INT~E AIR 1 

A~ZEHT 2 
~ T ~ 4 1 ~  COflLE~ 2 

OIL~tlST STY[ 72 

PRE~J~E PARMETEI'S 
OIL (kpa) 133.2 
FL~ (l~a) 121.7 

1539 1540 
3610 2 ~1~ 2 

629'3 6293 
17 N 17 N 

013 83| 
15,1 19,2 
t.4 1.6 

99,9 ~8.? 

5 4 
4 4 

2 
0 

9 1 
2 

] I 

If7 20~ 
206 217 
134 17'3 
21 21 
59 47 
78 65 

158.8 16q.I 
1.14,5 14~,6 

15 I b 15~7 
36103~ ~61~3~ 3610~ 

6293 6293 ~93 
17711 17714 17717 

3 3 3 
57:rrn5 57~.5"7Z~s 

1?.U 23,~ 
2.7 2,9 1,6 

72.8 ?E,7 ?9,O 

5 5 5 
3 4 .4 
3 3 3 
2 Z 2 
1 1 1 
2 2 2 
2 .2 2 
! 2 2 
I 1 t 

61 53 47 
6O 122 162 
65 141 17~ 
54 107 ~8 
60 44 33 
.'15 124 
42 61 fi6 

5~.0 92,7 1~7,7 
132.2 1~Z.0 1~,2 

1541 1542 1543 1544 1545 1546 
~ 1 1 2  36112 ~ 1 0 2  ~ 1 ~ 2  ~ I 0 2  36102 

k~93 6293 62F3 6293 /,293 /329. 3 
17730 177313 1 7 ~  17 74] 17 74] 1774~3 

5-7%E~ 5'7Z~5 57"~5 57~5 57ZE~ 5;r~S 

1,1B ,602 I 2O 2nl 2Oll 
24,9 36.1 27.3 ~,8 41.Q 35,1 
3.7 6.1 4.3 4.1 O.8 

71.3 , . 1  65., 

4 4 4 4 4 5 
3 3 3 3 3 3 
I -0  -1 -I  -1 -I  
2 I l I 1 I 
I ! 1 1 I 1 
2 3 3 4 4 5 
0 0 I 0 1 I 

51 .°5 ."5 63 107 112 
213 252 259 261 2B8 2P5 
229 ~0 282 287 312 ~.2 

59 137 96 73 139 158 
96 125 130 133 152 164 

211.7 246.9 279.b "C03.9 3~.7 349.4 
138,0 141.2 142,0 140.7 137.2 I~.3 



Hi .  SfH~H. PROATTI3-r~'9 
• CDL~GTARTTF.GT 8 I ~E~g~.qC 

TLqT CO}E 
~1 (ida, an) 
TT~ (n~l~?ar~) 
e ~  
TTE FUEL 

f~G]}I~ SPEE]) (rplt) 
TmOUE (H-HI 
POlO (IU) 

• ~ ' iT  (Z) 

~Ob~ff IN 
COOLAHT OUr 
OIL SUKP 
D~ G~JJ~Y 
[HT#~ AI! 

Ait~XT 
BQ(~i" B4 I#H~3 

~AUST t6 
~ NACI 

PR F.,~iJ~E P~'TERS 
OIL (ira) 
FUEL (LPa) 

T~'TRF,.~1S . . . .  

1147 1549 I~47 1551 1~I 15"52 155"3 I~4 1555 
36112 3611 2 36112 35102 36102 3610 2 3611 2 3610 ~ 3~,II 2 

62?3 ~ ~n~ :o2~ ' 5~3 I ~,o.  5~3 ~2.°3 ~293 
17~n 17 ~ 1 7 ~  1 . o ,  I:,e 4 t?m,  17m3 !~e1~ 

3 3 3 3 3 3 3 3 3 

L049 ~ 78t 597 1 O O 0 ! 
?,2 11.4 17,4 18,1 4.5 .7 .5 .5 ,5 
1,1 .9 1.4 !,3 .0 ,0 .I .O ,0 
3.4 18.1 21.7. 23,1 4.1 Zi2 t,O 2,| 2.0 

5 6 b 6 6 ~ ~ 7 7 

6 7 7 7 ? 7 7 
4 4 4 4 4 ~ ~ ~ 

-I -2 --2 -2 -2 -~ -2 -2 -2 
1 1 I 1 0 o | I 0 
1 i 1 ! 1 ! ! 0 ! 
6 6 6 ~ 6 6 5 5 5 
1 1 1 I t I l I I 

61 ?2 El 63 ~ 72 71 71 68 
~16 177 171 1~8 !4~ 133 131 1~ 125 
238 191 178 159 147 137, 1Z5 I~ 1~0 

217 201 198 1~4 152 I~, 1~4 140 
~ ~ 4! 44 37 34 33 32 ~ q  

115 B9 9I 91 ,"7 71 7~ ~? 67 
I~ 114 1~9 10~ 96 ?[ 89 97 8~ 

~1.4 ~6.7 329,8 3Z3.4 311.9 ~'3.3 2nj,l 164.9 139,~ 
148,4 154,1 158.7 1~.3 145.4 IPa.3 1~,! 1,~5.8 I,~.5 

COLD START TEST ! I ~ . ~  C 

RUN ~ 1556 

~X]~ (, i l i tar,)  17 8t 1 
T~E FUE). 

E)tG~ P &~3EF~9 

ToRguE (K-H} ,5 
Pt~Z (Ill) . I  
SHm(E OP~II"f ( l) 1,9 

"~:]IP~ATIIRE PMAt~E)iS (deq,c) 
COOL~ IH ? 

OIL ~ t 
INTAKE AZI "2 

ilOOST AF IR~i CO(X~ 5 
FUH. IH t 

122 
#3 126 

PRESSURE PA~MET~ 
OIL (lpa). 121,6 
FUEL (kpaa 125.2 

155"? I~B 
3510 2 ~11 2 

~293 ~293 
17 9~ 17 

' "I ,5 
.I - , I  

2.1 1.9 

? ? 
? 9 

5 I 
-2 -2 
- I  - I  
0 I 
5 S 
! t 

56 64 
120 117 
125 122 
131 12"7 
31 31 
54 
82 el 

115,1 93.~ 
124.9 124,7 

I~5"9 1561 !~61 !563 1~3 1554 
36102 3611 2 3/,10 2 36111 2 36192 3~10 2 

~93 5293 6293 62~3 52.~ 
171~3 1783] 17 834 178373 1784~ t784~ 

~ ~ S  5"/IEDS 5"FZ,,EBS 57"~3S 

-I -0 -0 -0 -0 -0 
,5 .4 .5 .5 ,5 ,5 

-,1 - . |  %0 - . i  -,0 - , I  
1,9 1.9 1.9 1.9 1.9 1.9 

7 7 7 7 7 7 
? 9 9 ? P ? 

4 3 3 3 3 3 
-2 -2 -2 ~ "2 -2 
- I  -0 -1 "8 -1 -1 
I I -a - I  - |  -0 
$ 5 5 5 5 4 
I 1 1 1 t 1 

111 109 105 I~4 111 
~21, 117 II~ 112 111 10e 

~1 bO 59 5," ~ ~4 
79 77 75 73 72 71 

55.5 : | .3  
m.3 In.9 ,23., 1-.3.1 
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APPENDIX M 

PI-IASE Ii, -2OoC COLD START DATA 
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" ' "  SYIg:'IJEL ~'P.O3ECT 03"65"38 TEST ~ESLILTS ~"*~ 
COL]) ST~:T TEST ~ -.~0 I~GREE~. C 

~.l~i HUH~£R 1673 1~74 I/,75 1676 16~.. 1~79 1679 1680 168L 
~ST CO~E "Y {julian, ~61d9~ 3~1~4~ ]6~1~ )~/J,~ -76112 3~11 .~ 3611 2 ~611' 3~ll : 

6294 6294 6294 629~. 6 ~oa 
TIHE (nilitar~) 1627~8 lE~41 1~29~ 11,2~47 162951] 162953 1629~6 1630 O 1630"3 
PHASE 3 3 3 3 3 3 3 3 3 
TYPE FUEL 577.EI)S 5~ ~ 577.EI}S 57ZEI~ 577.~5 5~S ~ 5~ c , 

EHGIHE PAR~ETE.qS 
[HGI~ SPEED (rpn) -0 -0 -0 -0 -0 -0 -0 -0 -0 
TOXtSOE (H-H) .2 ,2 .2 ,0 -.~60,6-364,2-1,~i,6-173,1 -167, ~, 
POk~ (Xll) -,0 -.0 -,O -,0 .O ,0 . ,O .0 .0 
SIIOXE O~ACITY (Z) 1.3 1.3 1.3 1.3 1,3 1,6 97.5 ~,~ ,o?,? 

TE~ERATL~E PA,t~ET-F.JS (deq.(:) 
COOL~HT IH -19 -t9 - l~ .  -19 -19 -l? 
COOLAHT OUT . • -2| -lfl -18 -19 -19 -t? 
OIL SUJ'IP -19 -18 -19 -ll] -In -[e 
OIL GALLERY -I~ -17 -19 -l? -19 -17 
IHTA1E AIR ~3 -23 -23 -23 -23 -23 
EE).l. Al~liI~T -22 -22 -22 -~_~ -22 -~.') 
BOOST B4 I~E~ COCKER -22 -~ "~ -21 -21 -21 
BOOST ~" ~ C~OL~ -2~ -20 -20 -.~O -20 -~.0 
FUEL IN -21 -21 "21 -21 -21 -21 
D(HAUST t l  -21 -20 -20 -20 -20 -20 
EXHAUST 12 -2B -20 -20 -20 -20 -2D 
EXHAUST t3 -2| -.~O -20 -20 -20 -20 
EXHAUST #4 -2| -20 -20 -ZD -20 -1. ~ 
E.~AUST t5 -20 -2! -20 -20 -20 -20 
~IW~T 16 -ZO ~O -20 -2g -20 -2B 
EXHAUST STA~ -21 -21 -21 -21 -=-I -2t 

PRESSURE PARC~I'E2S 
OIL (lpa) 3.1 3.2 2.? 3.1 3.1 3.3 
FUEL (lpa) 20.7' 20.7 21.7 2~0." ~2.5 ~ . ~  

-17 -17 -I. ~ 
-17 -1.~ -19 
-113 -17 -16 
-lO -17 -17 
-zz -.~ -m 
-21 -21 -21 
-~0 -20 -20 
-2! -21 -21 
-12 -~ l 
-2 213 32 
-6 17 ~2 
-~ 20 32 

-t~ -17 -~.* 
-2 15 
-!6 -11 -6 

2.5 3.7 5.6 
~8,6 ~.1 lal.2 

COlD START TEST e -20 ~GREER C 

RUH HLIH~It 1602 1683 1604 16435 1686 1~87 
~$T CO~E 3611 2 3511 2 361I 2 3611 2 "~MI 2 3611 2 
DAY (jelian) ~74 6294 6294 6~.4 /3,?.94 62?.4 
TIHE (nLlilary) 16"~0 6 163| PI.~SE 3 ~ 16301] 163a1~ 163119 16~122 ) 
TYPE F~, 5~q~)S ~ 57ZE:D$ ~ ~,'/ZEDS 57"~5 

E)iG]~E PARAHETE~$ 
EHGZXE SrI~ (rpn) -0 -0 -I  -O -0 ?68 
TGRI~IJE (If-H) -20.4 !.9 -95.1 42 16.4 27.4 
POWER ':IH) . |  - . |  ,I -.0 -,0 2.2 
QtOXE OPACITY 1Z) ~7.5 99.6 9?.3 W.? 111.1 97.7 

TEHP~ATL~E PM~ETERS 
COOL~T IH (deq'c)-19 -19 -19 -19 -17 -2! -20 -2! -19 
COOLAHT GUT -18 -18 -18 -IB -IB -18 -17 -17 -17 
OIL ~ -15 -15 -15 -16 -t6 -16 -16 -15 -14 
,n,mc am ~']~'~'PJ'lhl~J ::~ : ~  ~e - l? -17 -1. Q -1. Q -19 -19 "72 -~  -?2. -:)P -22 -21 -21 
C£IJ. AI~IOIT -22 -22 -22 -22 -21 -21 -21 -21 -21 

-21 -2, -21 2 ,  -2, -2, -2, -;1 -;1 
-I f  -.,o , o  .1 ,  -Zl -2| -20 -20 -EO 

, ,  , ,  !,3 

PREGSlJI~E PARA~'TEIS 
OIL Ckpa) 7,4 ?.] 11,9 14,6 17,5 ,.0.,'~ " ~a.,2 ~.4 30.8 
FI~ (kpa) 124.5 l~q.O 136,7 134.7 132.0  112.6 la.l.| 135.? 132.~. 

1688 f68. o ]690 
36112 36112 36112 

L~.4 6294 ~94 
163i25 163|2B !63032 

] 3 3 
5"/2~S 57v~.I~ 5"71~S 

1461 1734 157) 

5.4 9,1 4,~, 
71.B ~ .4  ?| .6 
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t . I  SYHF'E], PROJECT 03-9~39 TEST RESLP,.T5 *~* 
COLD START TEST B -20 ~E~ES C 

RUff HUH~E~ 1691 1692 1693 
TEST COE 3611 + 3611 + 3611 + 
~AY ( j u l i an )  +294 ~ 4  6294 
TIME (aili~ar~) 1639~5 I~3038 163041 
PHASE 3 3 3 
"~FE FUn ~ 577.E95 

E~GIIE PARAHETE~8 
E~GIHE 5PEEl) (rpn) 1503 HI° 1512 

S~KE OPACITY (Z) 8|.? ~8,4 ~0.5 

c o ~ m z ,  -m -1s -1o -17 -17 -,6 - .  -1~ -I+ 
COOL~iTOUT -16 -12 -15 -t5 "14 -14 -13 -I~ " t I  
o z c ~  -~3 -i+ -,~ - .  -. -1, -u -1o -9 
8ILCAL.L~Y -19 -19 -19 "19 -19 -18 -18 -17 "17 
IHTAKEAIR -21 -21 -2| -2" "20 "20 -20 -19 -19 

= s t  + ~ c~.~ -18 -18 -1o -17 -l+ -t5 -~  -13 -11 
FUR1N "Z' "~| -20 "~O "20 "20 "20 -~9 -~0 

m + m , 2  w .-4 ~69 ~63 ~o~ ~86 ~92 ~,3 3o? 
,+ m m, 271 274 304 3 .  3,+ ++, ~37 

~ t  

EXMUST'-~ +It '40 191 t82 m6 619 z66 ;so zs4 
~<morr'+T++ . +  . 7  . 8  m m 1+6 I65 ,m ~66 

PRF.~L~E P~AHET~IS 
OIL (i~l) ~t,I ~7.3 48.7 44,5 ~ ,~ 5p _..o 62.5 67.7 
FUEL (kpa+ 1~.9 131,9 131.6 1~.3 1~9,~ t~ .?  1~.5 t~..~ t3~.8 

COLD START "rEGT ! -20 ~EES C 

RUH HL~]}E~ 
TEST ~ E  
DAY (julian) 
~ (ailitarg) 

TYE FI~ 

~G~E PA~ETE~5 
E~qGI~E ~P;'n (rpn) 
lOdgE (~-tl) 
PO~ {~) 
cJ]~E 6PAC~Y (Z) 

TES~B~ATUE PA~4~rIB8 (deq,c)" 
~OL~T ~JT -13 

~ ~  c ~  

PRESSURE PNMETE~ 
OIL (~pa) 

(kp~) 

1694 167~ 1696 7 Ifi97 1698 1~ qo 
~112 3611 2 3611 2 ~611 2 ~6112 3~11"2 
62P4 ~ 4  ~274 &+94 ++~4 ~294 

163044 it~047 163050 1~305~ 163057 1~31 0 
3 3 3 3 3 3 

~ S  5"T/,EI)S' 57E~S~?~rPS 57EI~+ 573..~S 

1628 1812 1.Q09 1872 1758 2944 
~,2 45,9 ~,7 4.1.5 ~.5 ~.8.0 
6,0 8,7 7,1 3,2 6.Z 10,3 

70,5 51,4 ~5.8 ~..,9 603 ~,6 

,7,0 ,7+1 17,+ ,7o3 17o4 17o5 ,,-,o+ 17o7 ,:,8 

,631] m i  I m I { , 6 3 1 1 ]  1~1,~ ,+31I] ;+, l~ m , ~  1+3,~ 

1999 1378 249 750 758 
43.4 27.6 11.9 HI.4 33,3 
9,1 4.0 ,9 1,7 1,8 

3&,5 10.5 14.6 59.6 64,6 

7+0 7~ 
2),P 23.8 
I,? 1,9 

65,0 66,6 

750 742 
23.9 23,5 
1.P 1.9 

672 6~.5 

-12 -12 " -ll -11 -11 -II ' -11 -tO 
"If -? -9 -8 -~ -8 -7 -7 

"9 -B -7 -8 -8 -8 -8 -8 -8 
-16 -15 -14 -13 -13 -11 -12 -12 -11 
• -!9 -In -In -18 -18 -19 -18 '  -18 -18 
-2, -ZO -19 -19 -19 -1P -19 -19 -18 
-Z, -1, -1, -19 -IP -19 -19 -19 -18 
-10 -~ -1! -1| -10 -I0 -11 -11 "tl 
-. -. -. -2, -. -2+ -~o -1~ -19 

76 
331 ~.~ 224 207 202 I .  1 .  1% 196 
~2 319 239 221 213 207 202 200 198 
21" 19 12 Y 6 3 2 0 -!  

273 201 153 15"5 153 IA9 175 IBO 193 
167 151 123 It5 111 108 106 105 105 

~,Z 78.9 84,1 ~.O 94.3 100,0 105,8 111.9 118.3 
134.5 145.4 154.9 I58.8 15~,1 1~.2 151,8 151.0 !50,0 
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APPENDIX N 

PHASE I CYLINDER PRF_..~URE 
AND FUEL IHJECTION PREF.SURE DIAGRAMS 

Note: The 0 percent lood (shown on the figures) actually corresponds to 7 
percent load. The "/ percent load we~s the minimum required to ensure stable 
dynsmoneter operation. 



2.51 

SPEED 834. LO, aJ3 %000 FUEL CONDF2 TEST CODE 1112 

2 0  ' I I I I ' I | I I '~ I " I " I '~ I i 

0 
o. 15 ~E 

I:1¢ 
=3 
( / )  

10 
bJ 
12: 
a .  

I,iJ 

X 5 

l I * ! I , I * I f ! , | , I , I , ! . t , 

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

120 

...-, 110 

o. 100 

90 I,,iJ 

=~ 80 
ul 
u') 70 ILl 

o.. 60 

= 5O o_ 
i -  4 0  
W 
-~ 3 0  
Z 

2O 
. .1  

• -~ 10 
i ,  

0 

,, | 
I I [ I I ! I i I I I 

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

! 



20 

SPEED 1400 LOAD ~100 FUEL CONDF2 TEST CODE 1122 

I ' | ' I  l | i ' ' l  l ! I ' I  I 

0 
a.. 15 

LI.I n." 
¢/1 

10 I,l,I 

I,z,I 
z 5 
"-I >- ¢,.) 

0 
! ! I i I l I I . I r I . I . I • I , ! , 

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

120 .,,, 

.--. 110 0 
:~ lC0 

tu 90 

80 

u) 70 lJ 
a .  60  

Z 50 

i -  4 0  

~ 3 0  _z 
. . i  2 0  

• -~ 1 0  
I i .  

0 

I I I I i I I I I li I 

~ , . %  , 
i I I ..... I I m t I I I I 

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

252 



253 

SPEED 1400 LOAD 7o050 FUEL CONDF2 TEST CODE 1132 

2 0  i ' " ' l  ' ~ "  I ' I " '  I " I ' I ' I ' I I I ' I I ° 

O 

~ 15  
Z 

LaJ 

- 's  
(/1 

10 I l l  
¢¢ 
O. 

lU=.I 
CZ 
z 5 "-i 
>.. 
¢..,1 

0 
I • ! , I , I I 1 • f | I | I I f " "  | f 7 

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

120 

110 0 
D .  
",z 100 

I.,J 90 

80' 
~ 70  
W n,, 
o .  61) 

z 5O 
o 
!"- 411 ¢ J  

Z 

2 0  
ELI 

0 

I I I " '  I I I I i ~ i I | ' 

! I I I ! ! I I I I I . I 

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

J 



254 

SPEED 1 4 0 0  LOAD ~ 0 2 5  FUEL CONDF2 TEST CODE 1 1 4 2  

20 

I01 

a.  15 2 

I,iJ 
n- '  

Or) 
ul  10 
IcJ 
n,,  
O .  

I,l.I 

z 5 
--i 
>.. 

0 

1 = 1  I I + l + l £ ' l ' l l l = l  I I '  

• ! , I , t , I , I ~ ; . I I .  I | ! I ~ I = l = 

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

120 

• ,-,. 110 
o 

Q- 100 

90 
I.iJ 

• - ,  80 
( / }  

u) 70 I,LI 
I> ,  
o.. 60 

z 5O ¢:) 

v" 40 ( J  
I.LI 
• -~ 30 z_ 

2O 
- J  
ILl 
~ 10 

0 

i ~ ! I I I t '  ! i t I • I " i 

i I I I I I I , J I I , I I 

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



120 , , = , ~ , , , , , , 

255 

SPEED 1400 LOAD %000 FUEL CONDF2 TEST CODE 1151 

20 

=" 15 ~E 

w 
...t 

m 10  
l.d 

0 .  

¢¢ 
W 
¢3 
z 5 -I 
>-  
¢J 

i I ' ' I ' I  i l ' ' i ' l " ' ' l  I ' I  l 

I 
i I .  , I I I I I I t ! • ! , ! . I I I I 

90 105 120 135 150 165 180 lg5 210 225 240 255 270 
CRANK ANGLE DEGREES 

I 

, - ,  11o 
0 

G. 
=E 1(]0 

gO 
I,d 

80 
(/) 
ul 70 
I,,J 

,z. 60 

z 50 _o 
i,- 4 0  
U 

~ 30  
Z 

2O 
,-I 
W 
~ 10 
u _  

0 
I, ~ I I, I I I I I , I I I 

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



20 

SPEED 2200 LOAD ~;100 FUEL CONDF2 TEST CODE 1162 

0 

e~ 
0 
" 15 , . j= 

l,LI 

U') 
In 10 
l.LI 
g¢  
0, .  

¢,,,,, 

W P'L 

z 5 
"-'t 
>= 
t O  

l , I , I , I , I , I I , I • I I i I i f .  , 

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

I ' I ' I  I ' I  l ' l ' l  I ' I ~ I  I 

t 

120 ,' 

,-,, 110 
0 

o .  100 

,., 90 
n .  

= 8O 
( f )  
ut 7O 
l id  
I t , '  
o. 6O 

z 5O 

~" 411 
b i  
'-~ 3 0  z_ 
~ 20  
u 
~ 10 
t L  

0 
! 

I I I i ' 1  I I ~ ' '  I I e I 

• I I J I I 

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

256 



257 

SPEED 2200 LOAD %050 FUEL CONDF2 TEST CODE 1 172 

20 

0 
" 15 ..~ 

I.=.1 
,n,,. 

f .n  
oq lO 
m,.- 

i.=J 

z 5 
-'1 
>. ,  
o 

0 

I I I I ' I " • I i " =  '~ "  I l ~ I " 

I I I = I ~ ! I . J  I , I , I II I . . . .  t f , 

90 105 120 135 150 165 180 195 210 225 2,1-0 255 270 
CRANK ANGLE DEGREES 

120 

,-., 110 
0 Q. 
~E IO0 
v 

9O 

80 

0. 60 

X 5O 
2 
i . -  4 0  u 
ILl 
• -~ 3 0  
z 

2O  
.=.,I 

: ~  1 0  
Li. 

0 

l I ' I I I I ~ I I I I ' H I  

,,,,, , 

I I I I I I I, I I I I ........ I 

90 105 120 135 150 165 180 195 210 225 2 4 0  255 270 
CRANK ANGLE DEGREES 



258 

SPEED 2200 LOAD ~025  FUEL CONDF2 TEST CODE 1182 

20 

0 

D.. 15 ,,j= 

I , d  
e ~  

U l  
m lO 
i . d  
r,,,, 
L 

n , ,  
b J  
a 
z 5 
"1 
> -  
¢ . )  

0 

I I I I ' "  I I " I I I I I I ' 

I , I a ! , I , l , ! , I , | , I , I -  , ! , ! , 

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

12G 

.~, 110 
0 

0,,, -,j= 100 

9O 
I L l  
n o  

80 
co) 
col 70 

=. 60 

Z 50 
9. 
m- 4t1 

• "~ 3 0  
z 

2O 
. J  Ul 
~ 1 0  

0 
o a I ! I I I I I I I I 

90 105 120 !35 150 165 1BO 195 210 225 240 255 270 
CRANK ANGLE DEGREES 



259 

SPEED 2200 LOAD RO00 FUEL CONDF2 TEST CODE 1191 

20 i i i i ', ~ ' 1  I ; !  I I ' l '  

A 
0 

o. 15 

I . iJ  

" - i  
1 / i  
m 10 
I . d  

I . d  

z 5 
"-1 
>. .  

0 
. I ' ' ' I , I , ! I , i , 'I . I , I , 

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

120 I I " I I I I I ~ . . . .  I I I 

110 

~ 1 0 0  

9o 

~ ' 80 

so  

so 
i 

~ 30 
20 

,~,. 10 
,,, 

I I I I I ! I I I 1 I 

90 105 120 1,.'55 150 165 180 195 210 225 240 255 
CRANK ANGLE DEGREES 

I 

T 

Z70 



260 

SPEED 825 LOAD RO00 FUEL SHALE TEST CODE 1211 

20 

0 
n. 15 x 

bul 

f / I  
m 10 
I ,d  
Q¢ 

la.I 
a 
z 5 
"1 
> -  
t J  

0 

I I ' I  I I I I I I l ~ i ' l  

I a I f | m l a f i l , l , F , w ' i | , 

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

12.0 

"-'o 110~- 
n. I0~ 
V 
,., 90 

80 
Oq 

m 70 
I,LI 

n.. 60 

z 50 
0 
F- 40 
¢ 3  
I.a,I 

30 z_ 
~ 20 
hm 
~ 10 
U.,  

0 
I I I i i ] i I I I I , I 

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



261 

SPEED 1400 LOAD %100 FUEL SHALE TEST CODE 1221 

2 0  I ' ~ ' I i "'~ I ' I I - ' I I I I " ' ~  I ' I I 

~ lO 

0 " 

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

120 , 

110 
0 

" 100 :E 

I.U 90 
m,. 
:::= 80 
U') 
m 70 iJ,l 
n,.  
m. 6o 

z 5o _o 
P" 40 
0 
IL l  
• -= 30 _z 
. 20 
h i  

10 
I , i .  

0 

I 1 I 't I I | I I I I 

I I 1 I ;. I I I I I I ,  I I 
90 105 120 135 150 165 180 195 210 225 24.0 255 270 

CRANK ANGLE DEGREES 



262 

SPEED 1 4 0 0  LOAD % 0 5 0  FUEL SHALE TEST CODE 1231 

20 

A 

o 
" 15 

m 10 
bJ 
o,. 

1.1.1 
o z 5 
"-i 
>.. 
(3 

. . . . .  I I "=I "= ~ ' i I | I i I I I I '  

! I . I • I ! ~ ! " . ,  ! , I • I i I I ! ! I 

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

120 

• ~ 110 O 
¢L 

100 

I.=.1 90 

80 
Ul 

70 
I . L I  

e_ 60 

z 50 
2 
i,- 40 
0 

~ 30 

~ 20 

0 

i " I I I " I  I I I I I I ' " '  i 

i I ! I I ! I I ! I ,,.I I 
gO 105 120  135 150 165 180 195 210  225 240 255 270  

CRANK ANGLE DEGREES 



4 

263 

SPEED 1400 LOAD ~025 FUEL SHALE TEST CODE 124.1 

20 

A 

o. 15 ~E 

ILl 

eq 
ul 10 

O. 

5 
) -  
¢.) 

I i I I I I I I I I I I " 

I ! ,, I = I , f , I , ! I ", ! S I I I 

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

120 

• ~ 110 

100 

90 Lid 
¢1¢ 
:::) 80 

7o 

~.  6 0  

z 5 0  
0 
~ 40  o 

~ 3 0  
Z 

20  

• "~ 10 
i .  

0 

I tt I I I I I I I I i I 

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



264 

SPEED 1400 LOAD %000 FUEL SHALE TEST CODE 1251 

20 

0 

cL 15 

L l J  

t Jq  

u~ 10 
I . d  

O .  

m y  

> -  

0 

I I ' I ' I " I I I I ' I  ' I * I I * 

f I • I I • I . ! i I m ! I I , I I I I I I, I 

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

120 

,•, 110 

100 
v 90 
b . I  

80 

70 

~ 60 

5o  

~- 40 

. J  m a  
~ 10 

0 

i ..... ~ i I i ' '  i I i . . . . .  i I I i 

! , I  | I I ! I , , ,  I I | , ! I 

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



SPEED 2200 

265 

LOAD R100 FUEL SHALE TEST CODE 1261 

20 

0 
a. 15 

I.=.1 
rP  

Oq 
ul 10 

Q. 

ILl 

z 5 
> -  

0 

I i | l '  i i ' I I I " I " ! I 

I , I I , I , I I . I I I , I I , I ,, 

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

120 I , J 

110 

~" 100 .,,j: 

'1' 90 
i v  

80 
U'} 

m 7O 
I.=J 
t y  
a. 60 

z 50 _o 
i.- 4 0  

-~ 30  _z 
_1 20  

~ 10 

0 := 
! I 

I i 

! - , - . L ,  ! 

! 

° 

,/ 
~ L  I I I f I I ) 

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



266 

SPEED 2200 LOAD %050 FUEL SHALE TEST CODE 1271 

20 

0 
a. 15 3E 

I L l  
0 ¢  

U~ 
m lO 
I.IJ 

a .  

0 ¢  

z 5 

0 

I I I I I J ' i ~ t  i I i ' l  I ~ 

| I , I , I I I , I . I I , ! I I I i | I 

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

120 

110 
Q 

o_ 100 

9O I ,d  

• ~ 80 
I f /  
m 7o 
Ira,I 
I ]¢  
o.. 6O 

z 5O o 
~ 40  

-'~ 30  
Z 

20  
= J  

:~ 10 
1.  

0 

,, ,,,, 
i I I I I I I I I I i 

= 

= 

I s I .,, I I I , , , !  I t, | I I 

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



267 

SPEED 2200 LOAD ~025 FUEL SHALE TEST CODE 1281 

20 

0 
D. 15 =E 

ILl  n," 
: : )  

10 
L,,J 
¢¢; 
0 .  

I.=J 
a 
z 5 
'-i 
> -  

I ' i = I I I I I I I g I i 

I I I | • I , I l I I .=,,., i = | = | i 

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

120 

, - ,  110 
0-0 loo 

V 

9O 

70 

60 

so 

40 

-~ 30 
z 

2O 
.-1 
i11 
~ 10 
b .  

0 

I I ! I ! ! I I a ! I I 

J I I ..... ! | ! I I I I I |, 

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



268 

SPEED 2200 LOAD ~000 FUEL SHALE TEST CODE 1291 

2 0  

~ 1 5  
V 

,=., 

0 

I i I ' I ' "  I i I I I i I ~ I I 

I I _.. | | ! . I . ! • I I I I I II t i | 

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

120 , I i 

• --, 110 
I 0  

a. lOO 

"~  9 0 "  b,I 

~ 8O 

~ 7 0  b l  

a .  6 0  

z 5 o  
0 
~ -  4 0  

-.~ 3 0  
z 

2 o  
- J  

I i I i I I . . . . .  i I i 

I , d  
10 

0 - 
I l ..... t i i i E , I ! I I 

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



269 

SPEED 8,33 LOAD 7o000 FUEL TARSAND TEST CODE 1311 

20 

0 
=" 15 
V 

w 

Mi 
u} 10 
w 

¢1. 

w ,,,.., 
:¢ 5 
"-1 
>,- 
f.J 

0 

| | '  " | = I I I • | ' ' '  I I I '~ | • I 

I , I ! I . | I ~ ' I , I , I . | • I I | I 

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

120 m 

,,-,. 110 
a,. 
.~ 100 

V 

w 90 
I X  

BO 
(/1 
m 70 
1.6,1 

,., 60 

z 50 
o 

40 (,J 
bJ 

30 

..i 20 
I.iJ 
:::} 10 
1.6 

0 
I 

I I i " ~ I I I I "1 | 1 

III II A 
I I ! I ,, I I I I I I I 

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



SPEED 1400 LOAD ~100 

270 

FUEL TARSAN'D TEST CODE 1321 

20 

0 
" 15 ~E 

b J  

f / ]  
¢~ 10 
I.=J 
n." 
o,,. 

b, I  

~- 5 
- I  
>,. 
r O  

0 

I | I r ' l  | | " I  I ~  l " i  

I , I I , I I I | r I =, I I I , I • I 

90 105 120 135 150 185 1.80 195 210 225 240 255 270 
CRANK ANGLE DEGREES 

120 

~ ,  110 
0 

0,. 100 
i 

go 
l . d  

80 
t / )  

ut 70 IL l  

=. 60 

"J" 5O 
0 
P- 4O 
I,d 
"-= 30 _z 

2O 
. J  

~ 10 

0 

I i ! I '  I I " I I I I I ! 

I ! I f .., I I I I I I I ; 

90 105 120 135 150 165 180 195 21{) 225 240 255 270 
CRANK ANGLE DEGREES 



27l  

SPEED 1400 LOAD. %050 FUEL T/~SAND TEST CODE 1331 

20 

0 

a. 15 
v 

w 
¢ ¢  

O~ 
10 

W 
IZ¢ 
~ L  

W 

z 5 
-1 
>, -  
0 

0 

I I I i • I I I I I I I ! " " 

I , I , I ~ l , I , I I i . ; . , l . _ I  , 

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

120 

,.-, 110 

100 
V 

9O td 

8O 

n. 60 

l . ,J 
• -~ 30 

2O 
. . .J 
laJ  

10 
I , l= 

0 

I I i I l I I I I i I 

I I , ,  I I I I i I I I I I 

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

! 

.>70 



272 

SPEED 1400 LOAD ~025 FUEL TARSAND TEST CODE 134-1 

20 

o. 15 - j :  
V 

f / )  

m lO 
b J  
n *  
I X ,  

i , d  a 
z 5 
:2 
> . .  
( . 1  

0 

I ' I " I I I I ' I ~ '  I I " ' I I I 

i 
a . , I i ' , I ,,,,, | , f , I ; f t I ,, 

90 105 120 135 t50 165 180 195 210 225 240 255 270 
CRANK ANGLE DEGREES 

120 

• ~ 1 1 0  

.~ 100 
v 

90 

5o 

N 411 

• "~ 3 0  
z 

2O 
L . i  
--~ I0 

0 

i !  I i I i I i I I i I I 

• re,lira i ,, , / ' ~  - -  

I , I I I ,, I I I I , , , I  I I 

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



273 

SPEED 1400 LOAD %000 FUEL TARSAND TEST CODE 1351 

20 

I : I  
cz. 15 ..~ 

10 

r v '  

z 5 
-1 

I I ' I ' I  I l I I I I l I 

! 

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

~.70 

120 

• ~. 110 
0 

o,. 100 

9O 
b J  

:~ 80 
(/1 
¢n 7O 
ia, i  

=. 60 

z 50 
2 
~ 40 U 
W 
• -~ 30  
z 

20 _1 
W 
~ 10 

0 

I l i l ' ' J  i .... I " i  ' "  I I . . . .  l i 

I 1 I I i I I ! I , I I ,  I 

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



274 

SPEED 2200 LOAD ~;100 FUEL TAR,SAND TEST CODE 1361 

20 

A 
0 

a. 15 .5 

la, I 
n . .  

( n  
(n 10 
la,  i 

i l .  

n , -  
1.1.1 

~, 5 
-1 
>. .  
(,3 

0 

I ' 1  | | i I " 1  I I " 1  I I ' ' 1 ` = "  

l . l  I , . . . I . . I  I . I  l l , . . . l . , l , ~ ,  

90 105 120 135 150 165 180 195 210 ~ 5  2 ~  255 Z70 
C ~ N K  A N G ~  DEGREES 

120 " ," , 

110 
0 

a.  100 

t ~  90 
i w .  

:~ 80  

70  t J  

z 50  
o 

40 0 w 
30 

j 20 

:~ 10 
[ .  

0 
i I 

I I I I I I • I I I I 

I ,1 , I I , I I 

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

! I I ,,,I 



• 275 

SPEED 2200  LOAD ~0050 FUEL TARSAND TEST CODE 1371 

20 

¢3 
a. 15 ..~ 

la l  

: 3  
i / I  
u) 10 I.iJ 

¢1 

0:: 
lal 
a 
z 5 
- i  
> -  
( J  

0 

I ~ J l ~ ' l d l  I m l  I I ' 1  I i 

I ,  = I ,  R I , I = l I I I ,I I , I , I ! , w , 

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

' 1 2 0  I i i , = i , i I i l , 

, ~  110 
¢I  

Q .  
,~ 100 

bJ 90 
¢,¢ 

80 
r/I 
u) 70 LI.I 

o,. 60 

Z 50 
o 
~- 4.0 ¢J 

~ 30 

. j  20 

~ 10 
m ,  

0 
I I I I I I I I I I "  I I 

90 105 120 135 150 165 180 195 210 225 24.0 255 
CRANK ANGLE DEGREES 

).70 



276 

SPEED 2200 LOAD ~025  FUEL TARSAND TEST CODE 1381 

20 

0 

o. 15 

i a l  

: 2  
( /3 
m 10 I L l  

i l .  

z 5 -1 
> -  
0 

0 

I ' l ' " ' l ' ' l ' l ' l ' l ' l ' l ' l ' J ' l "  

! . I • I ~. I , | I | . I • f i . .  II , | , I , I , 

90 105 120 135 150 185- 180 195 210 225 240 255 270 
CRANK ANGLE DEGREES 

120 

A 110 

100 

9O 

= 8o 
70 
60 

z 

'~ 30 
Z m 

2O - - I  
W 

10 

0 

! ! I ~ I ! I I ! ! ! 1 

! i I I ,..I I . I ! . . !  I I t 

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



277 

SPEED 2200 LOAD XO00 FUEL TARSAND TEST CODE 1391 

20 

li 

a. 15 

(/1 
u~ 10 
IJ.i 

Q .  

a¢  
LIJ 

z 5 
"-i 
> -  
0 

0 

I"I'""~"II I l i ' l ' l  I I I I ' 

I , l , I , I , ! , I I I • I , I , I , I , 

90 105 120 135 150 165 180 195 210 225 24.0 255 270 
CRANK ANGLE DEGREES 

120 

, ~  110 
0 

n 
• 100 

90 
I.Li 

= 80 

U~ 70 
I, iJ 
0 ¢  a. 6o 

z 5O 
0 
I -  40 ¢J 

-~ 30 
Z 

2O 
. . I  
LiJ 

10 

0 

, i i i . . . . . .  I '" I '  ~ i  " ' i  I t i i 

i 
P 

F I I ,, ,I I,,, I I,, I I I I I I 

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



278 

SPEED 84,1- LOAD %000 FUEL 57~ EDS TEST CODE 1611 

20 

o 
a.. 15 ~E 
V 

I L l  
0 ¢  
: )  

a 
z 5 

0 

l i I I '  I I ' I  " ] " [i | '  I l ; '  

I I • I I , I I I , I • I ,. I , l t ,'[ 

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

120 

~ .  110 

~. 100 
V 

9O 

ao 

6O 

so 

3O 

20 
d !0 

0 

i i I i I ' i ' '  I I I i I .... | I 

w ' , ,  I I | f , | f .... I ! i ,  i 

90 105 120 135 150 165 180 195 210 225 240 255 270 
CRANK ANGLE DP'GRIrES 



279 

SPEED 1400 LO,-'J3 ~100 FUEL 57:¢ EDS TEST CODE 1621 

20 

0 

n. 15 ,.~ 

b J  
0 ¢  

Or) 
u~ 10 
LI.I 
n ¢  
n _  

O :  
b J  P~ 

z 5 
-1 
> -  
0 

t ; I I I '1 " " I I ' ' I I" ' I ' I '='r" | 

I I , I , l , I J , . i . , . I , I ' = . 

90 105 120 135 150 165 180 195 210 226 240 255 270 
CRANK ANGLE DEGREES 

120 

,,-- 110 
0 

=" 100 

9O 
¢lJ 

80 
( / )  

ul 70 
n ~  
o. 60 

z 5O o_ 
v- 40 ¢j 
¢=J 
--= 30 
Z 

2O 
. - I  
L lJ  

10 
b ; .  

0 

I I '1 . . . . .  I I I | I | | | | 

i i i,J , I  l I I I , I I I I I I 

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



280 

SPEED 1400 LOAD ~;050 .'FUEL 67~ EDS TEST CODE 1631 

20 

0 
o.. 15 x 

w 

i n  

n 

0 
z 5 
> ,  
(.) 

0 

I ' 1  I I I ! I I ' ' 1  I I ' l ' = l  

I I I , |  • I i I I . I , I • I . I I .,I 

90 105 120 1,35 150 165 180 195 210 225 240 255 270 
CRANK ANGLE DEGREES 

120 

.~, 110 

100 

90 

, o  

r -  4o 

Z 

2O 
- J  

~ 10 

0 

• i '  i I I I I ' I  I I .... I I I 1 

A=,, ,, ! 
t J I I I I i, I I I I _. t 

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



281 

SPEED 1400 LOAD %025 FUEL 57%" EDS TEST CODE 1641 

2 0  '1  J ' " ' ' l l  I 1 I ' 1  I ' l  I I ' 1  i 

A 
0 

15 ~E 
V 

w 

(.q 
m lO 
n.. 
0... 

W 
¢3 
z 5 
>- 

0 
'! I ! I ! I ! l I , ! , I , ! 

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

120 

110 
O. :~ 100 
V 

9O 
W 

BO 

m 70 
W n., 

=. 60 

z 50 
o 

40 

"~ 30 
Z 

20 
...I 
I.z.I 10 
la.. 

0 

I I I i i '  i i I J~ " I' I '  

I I I I I I I I I I I I 

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



282 

SPEED 1400 LOAD RO00 FUEL 57:¢ EDS TEST CODE 1651 

2 0  I 1 I 1 ! I I I I ! ' l  ' i 

o 

=- 15 

LI, I 
--, j  
U l  
m lO 
I ,d 

o 
I . I , I • l , . . . I  ~ I . . =  I , | , I , l • I , I , 

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

~20 

-'~ 110 
¢3 

a. 100 

gO 1.1.1 n , .  
80 

U) 70 
I.=,! 

o.. 6 0 -  

Z 5 0  ' 
0 

~ 3 0 -  
Z 

2O 
1,1 

0 

I I I i L I I I I I l 

' t 

° 

. . . . . .  , ,,, 

.I. I I I I a t , I I ! I 

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



283 

SPEED 2200 LOAD %050 FUEL 57% EDS TEST CODE 1671 

o 
n 15 

i .d 
n,. 

¢q 
ul 10 
I.d 
t v  
O. 

iv" 
I . I  
0 
z 5 
-1 
> .  
r , j .  

0 
l , I , I , I I ! I I I , . _ I  , l , I 

90 105 120 135 150 165 180 195 210 225 240 255 ~70 
CRANK ANGLE DEGREES 

120 

~ ,  110 
0 

o. 100 l 
9O 

80 

70 I,LI 
ID¢ o.. 60 

z 50 o_ 
0,- 40  

~ .  30  

_1 2O 

L,- 
o 

i I I I i I I I i | | I 

! I I I I I I I I I I I 

90 105 120 135 150 I65 180 195 210 225 240 255 270 
CRANK ANGLE DEGREES 



284 

SPEED 2200 LOAD Z025 FUEL 57~ EDS TEST CODE 1681 

20 

A 
U 

o. 15 2 

ILl 

UZ 
(n 10 

Q. 

l,d 

z 5 
--i 
>-  

0 

I I I ql I 

l ' l ' l ' l ' l ' i ' l ' l ' l ' l ' l ' l "  

I • I , I • l i I , I ,. I , I , l • I • I I | I 

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

120 

110 
0 
Q- 100 X 

9O bJ 
n .  
= 8O 
U3 
(n 70 
Z 
Q. 6O 

z 5 0  o_ 
~ 40 

~ 30 z_ 
~ 2O 

L _  

0 

I i ' ' I  I I I l '  I I i I ' I 

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



SPEED 2200 LOAD ~000 FUEL 57% EDS TEST CODE 1691 

20 

A 

o. 15 

I,l# 

10 
I , d  

Q: 
ILl P~ 
z 5 
,-I 
> -  
C.) 

I " . | . I , I . I . I = ' = ' V " ' I , I . I . i . I . I  , . 

90 105 120 135 .150 165 180 195 210 225 240 2.5,5 270 
CRANK ANGLE DEGREES 

120 

~ ,  110 
0,, .~ 100 

90 I,=J 
f ie  
=~ 8O 
¢/) 

70 
b,I 

=. 6O 

z 50 
0 
P" 40 
U ILl 
"-= 30 _z 

2O 
. J  

0 

' ' I '  I I I I l I I I I ! I 'i 

90 105 120 135 150 165 180 195 210 225 240 255 270 
CRANK ANGLE DEGREE5 



287 

APPI~DI.X 0 

PHASE ]I CYLINDER PRESSURE 
AND FUEL INJECTION PRESSURE DIAGI~AM~ 

SIMULATED A/R-TO-AIR AFrERCOOLER 

Note: The O percent  load (shown on the r~ures)  actually corresponds to 7 
percent  load. T h e  7 percent  load was the  minimum required to e~sure stable 
dynamoneter operation. 
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3 7/31  

APPENDIX P 

PHASE H 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) actual ly  eorrespond~ to  7 
percent  loacL The V percent  load was the minimum required to  ensure stable 
dynamoneter  operation. 
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