1 Supplementary data
2
3 Table 6 (S1): Mass Fractions of Induction Blends for Engine Fueling Using Port Injection with Natural Gas-
4 Hydrogen Blends at Various Air-Fuel Ratios.
Species Stoichiometric Rich Lean
0% | No% | CHs% | Hh% | 0% | No% | CH% | Hi% | 0% | No% | CHs% | Hx%
+10%H, | 1973 | 7423 | 549 | 055 | 1956 | 73.56 | 625 | 0.63 199 | 7486 | 4.76 | 0476
+15%H, | 19.67 | 7402 | 549 | 082 | 1949 | 7332 | 625 | 094 | 19.85 | 74.68 | 4.76 0.71
+20%H, | 19.62 | 73.79 | 549 | 1.10 | 1943 | 73.07 | 6.25 125 198 | 74.5 4.76 0.95
+25%H, | 1956 | 73.58 | 549 | 137 | 1936 | 72.83 | 625 | 1.56 | 19.75 | 74.3 4.76 1.19
+30%H, | 1950 | 7336 | 549 | 165 | 1930 | 7257 | 625 | 1.88 | 19.7 | 7411 | 4.6 143
+35%H, | 1944 | 73.14 | 549 | 193 | 192 | 7237 | 625 | 2.18 | 19.65 | 73.92 | 4.76 1.67
+40% Hy * * * * * * * * 19.6 | 73.714 | 476 1.9
+45% H, * * * * * * * * 20.0 | 73.04 | 476 22
+50% H * * * * * * * * 195 | 7336 | 4.76 238
5
6
7 Table 7 (S2) : Performance and Pollution Values When Fueled with Pure Gasoline for Various Air-Fuel
8 Ratios.
9
Stoichiometric Rich Lean
= & g 9 2 & 8 2
Species E% g% _‘g g% Zg g% (g _5 gg g% (g _5
Fg 2B EG | S8 |FE|ZE | 2 |Eg  TE|iE| 2 | Eg
Bo | EE 5| 7o B2 28 S | =o 22 S =
2 a <] a = Q g a = Q
100% CsHys | 573 | 4.53 | 92BE-3 | 3.5E-4 | 594 | 503 | 23E2 | 7.8B-5 | 487 468 | 1.6E-4 | 2.4E-3

19,4

12 Table 8 (S3) : Engine Performance and Emissions When Fueled with Pure Natural Gas at Various Air-Fuel
%3 Ratios.
Stoichiometric Rich Lean
o] jes] jes]
| 5| 78| 8 2 | -8 | »5 | 8 2 | .5 |25 | 8 Z
Species =8 Z 9 ® Q =8 Z & ® Q E-l] Z & ® Q
=@ | &F S =2 | Fg | &g > =% | g | &g =7 | =2
S| e < = | Fd | ma = =@ | i3 | w& = =@
e O 28 o t fro’ O <8 ©) o o, O =8 o o
g =g — < g =g — < —g =g — <
g e &, o 8 a 122, o g a 22, o
100%
crn | 457 453 | 6.2E-3 | 3.6E-4 | 485 484 | 15E-2 | 74E-5 | 393 460 | 6.6E-5 | 2.7E-3
100%
cHo | 295 701 | 62E-3 | 3.8E-4 | 318 739 | LSE2 | 7.6E-5 | 256 705 | 7.9E-5 | 2.5E3
100%
CHo | 235 881 | 64E-3 | 3.6E4 | 270 870 | 1.6E-2 | 7.1E-5 | 209 8.63 | 1.4E-4 | 2.0E3
100%
CHg | 223 929 | 64E-3 | 3.5E-4 | 260 9.01 | 16E-2 | 67E-5 | 200 9.02 | 1.8E-4 | 1.6E3
100%
Crgo | 230 9.0 6.6E-3 | 3.6E-4 | 269 871 | 65E-2 | 16E-5 | 207 874 | 29E-4 | 13E3
100%
252 822 | 69E-3 | 39E4 | 299 785 | 16E-2 | 67E-5 | 228 792 | 7.1E-4 | LIE3

jg O




Table 9 (S4) : Engine Performance and Emissions When Fueled with Pure Hydrogen at Various Air-Fuel

Ratios
Stoichiometric Rich Lean
Q Q Q o @ Q &
| Be|%E| 9| wm =2 |72 | O Z | -8 | g8 | © z
Species w3 Z B =2 Za ® % =2 Zd ® a
22 188 | =® | S8 |Fg | S8 | = &, Em | 88 | = =
EZ | mE t e == < ® . | m & < ®
—a | =8 < S O | =8 o m | =0 | #8 o o
= g © E: 1 = 5 3 5| = S
100%
B0 406 | 200 | 7.7E-5 | 1.8E-4 | 591 1.54 | 16E-4 | 29E-5 | 310 24 | 10E-6 | 1.7E3
100%
B0 310 | 261 | 75E-5 | 17E-4 | 370 | 247 | 1.6E4 | 3.E-5 | 209 356 | 4.5E-7 | 1.7E3
100%
B0 203 | 400 | 7.E-5 | 19E-4 | 224 | 408 | 16E-4 | 3.6E-5 | 187 400 | 92E-8 | 1.7E3
100%
B 153 531 | 77E-5 | 23E-4 | 184 | 500 | 17E-4 | 44E-5 | 140 532 | 21E7 | 18E3
100%
B 135 60 | 7.8E-5 | 3.0E-4 | 153 | 598 | 1.7E-4 | 6.1E-5 | 127 589 | 51E-7 | 18E3
100%
B 136 | 594 | 82E-5 | 42E-4 | 153 | 596 | 1.7E-4 | 92E-5 | 126 593 | 15E-6 | 18E-3
Table 10 (S5) : Performance and pollution of the engine when fueled with various blends of gasoline and
Hydrogen.
Stoichiometric Rich Lean
Q Q Q e @ Q &
| Be|%E| 9| wm =2 |FE | O 2 | .5 |38 | O Z
Species w3 Z Z B =2 Z ® g =2 Zd ® a
22 188 | =® | S8 |Fg | Sg | o &=, Em | 88 | o &
E@ | me t e R == < ® ~E | mE & < ®
—a | =2 S 5 =O| =8 e m | =0 | 28 o S
a9 = = = — = = —
= g B g | B 5 2 g | E 5
100% 5 s 5
e 73 | 453 | 92B-3 | 35E-4 | 594 | 503 | 23E2 | 7.8E- 487 468 | 16E-4 | 24E3
+1%H, | 449 | 593 | 25E2 | 2.E-5 | 430 | 693 | 32E2 | LOE-5 | 475 50 | 19E2 | 44E-5
+2%H, | 406 | 6.66 | 25E-2 | 46E-6 | 463 | 647 | 28E2 | 23E-6 | 358 6.83 | 23E2 | 92FE-6
+3%H, | 449 | 609 | 22E2 | 14E-6 | 512 | 587 | 25E2 | 52E-7 | 405 6.18 | 2.0E2 | 2.8E-6




Table 11 (S6) : Engine Performance and Emissions with Various Natural Gas and Hydrogen Blends at

Different Air-Fuel Ratios.

Stoichiometric Rich Lean
Q @ 0 = Q Q@ 0 = Q ) o ey
s | =2 | S8 o z2 | =3 | g8 | © Z | 53| 38 | © Z
Species £% Z4 ® Hg =% Za ® _|>O< =8 g« ® _g
EZ | ZE d "o | E% | 2B 2 | B2 | ER | 2B 2 | Be
= O o S mOo | Zg ) o | mO g S o
EEE g £ = g = E 8 = S NS g‘ & = S
& 2 ) o) g a i o 5 & & o
0,
* II{M 444 4.82 1.5E-2 | 4.8E-5 420 572 | 2.1E-2 | 1.8E-5 430 4.37 73E-3 | 1.9E-4
2
0,
- ;IS % a7 5.19 1.7E-2 | 2.8E-5 386 627 | 22E2 | 1.0E-5 424 4.50 1.1IE-2 | 8.6E-5
2
0,
o 1210/" 387 5.67 1.8E-2 | 1.7E-5 385 636 | 22E-2 | 5.5E-6 414 4.68 1.3E-2 | 4.7E-5
2
0,
- 12{5 & 366 6.06 1.9E2 | 1.1E-5 406 607 | 2.1E2 | 3.7E-6 394 5.00 1.4E-2 | 2.9E-5
2
0,
* 1310/" 351 6.39 1.9E-2 | 6.7E-6 423 587 | 2.0E2 | 2.4E-6 370 5.40 1.5E-2 | 2.0E-5
2
0,
- 1315 & 375 6.03 1.8E-2 | 4.7E-6 435 575 | 2.0E2 | 1.5E-6 354 572 1.6E-2 | 1.4E-5
2
+40% % * * #* * * * s 332 6.17 1.6E-2 | 9.5E-6
o . 6E-2 .
+45% N o = * * * * * 328 6.35 1.6E-2 | 7.8E-6
= @ . 6E-2 .
+50% % * * #* * * * s 350 5.99 1.5E-2 | 5.1E-6
o : SE-2 .




