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ABSTRACT
The predictions of the mean effective pressure and the exhaust emission of NOx in hydro-
gen fueled spark ignition engine were studied. And the predictions were compared to the
experimental results of D.B. Kittelson and H.8.Homan .

The modeling was based on Otto cycle and the prediction of NOx was performed by
extended Zeldovich mechanism.

The differences between predictions and experimental results were 20 — 30% in the mean

effective pressure and 10 — 20% in the concentration of NOx where the equivalence ratio ¢
was 0.6 — 0.8,

2 %" 1. 8%

A Do EEe o ' FIEDHH AMAMEN-> 5 A2 Tk sy ¥
AE, © iGfE(L o) q A = ol BEH BESL EREMARS B89 A%
K, @ R i, el whEE BMEL AU BAlol
koo REMER o ek o) S ¥olE Mg 0% AR &
n o E K n, : 8E . By wke) Aaral REINY = kel AR
P K Pn | THEWIESD & B Ax Fol TYHD o=, LR
R The HK o B2 olebg olEhE cdmel KFEWRIA A5
S g E 2 sl lh, :
T HLRE | KFMEE B Sl RERTS L8 &
U Mg ol =) ' & B—mOTel Mktel A, Fk oliAs HE
Y% R ' C A pYERRS] BEH W WS A, A
Ve (RIS shEEsb W A 59 Sale] ale] HeBe) %
V, 1 fTR R fEo)uh BEHIAY Aol 2 odabe ml AL glom,
x T A o] & upsho 2 shod AEMANLS] AbGoll I BF
¢ it : FEB Aboh Kol o] 2|7 AW A F L geh,
) AL 1. R.F. Stebar, F. B, Parks'® 52 37.3in%2| AS
T j i i Fstep TM CFR "b71 5 7lakel] &%k 155 2 4 Le-

*EGAQ, HEcHEha gabeE



48/5®
an limit 7} 7hE 8l (o] L5 &) o ALk 0.89
QEl el kFES) AL Whtht 0. 18(Ixuﬂm
F5.6)7HA | 0.2 BB e
Ji A il ol 4 7P—E-l(°l ‘L) (U d IR éh’-
0.55(F71=ke] & 1.8) o}l et ol 4= 7
2] HEH = A ‘L’J‘.:El--— Rkt 5:11‘—}. Hi Jaell gl
olAE FhEash kE-bEal Raritel 1%
ofl 4 2GR 1.0 ( Ehith 1. ow}%wmn
Q wlell el ERBRE 1.8(HIkH 0.55- K%K
&} ZhEle] B 2 st st S o 2
B ETFE # 30%7F st she}

EOHIEY 5L 482cc AN M2 KES
PRk e 3 FRdl A NO, & B 47l &7
FHe)go] HE 1.7 Holeok shz, o] AW
e ot 27% ETFIST mnskw gles, UCLA
A EGREY ol 4= o 55% ET = oleha
gtk |

AR 11 g3, N

% G.A.KarimS-& [l lo] HERAY Fikel 2|
AR ERR S MEREREAT QA E s TEE £

T BIE AEste Ale b, BEmARERd
A wrEAg SRS dx gk
| A BHEAALE OttoAto|F4 A&z Fhoy M
B Y MEERES ARbTEE EELA) Fae) Ak
~ 7oA S ) 2 NO, BRHHEEE %
filskz D, B. Kittelson® 52 45 % H.S.
Homan® 5-2| Fifafiie}l Hodzstoict.

2. EIREER

BERA S HoD=l A3 elPell A ks M)
£ BGrel WERNS s FRES okEak 3
o] fRIEZTT

(1) BB 7r = B hES Sl

(2) BRIBREF 2 BEHLS g—shel

(3) BMEEE P2 R H—dlcl,

(4) 25 s M2 R E 21%4] 4ltsl 79
%2 42 Hhl=o] 3l=h

5) KFE-"ERY E£r= BN Otto cycle

‘% sagteta FhA el

2-1 mEAsERe| HF

2-1-1 FIRH2 M X MEERSE GO
£S5t {EMp a2 M

KE-ZR EF79 HELAEE H, O, N2
Mo MIALTRE; FEESHE FHRE A 2habel
el QA= PSS RoeRe BE 2
= o) bR 4= H,0, N, O,, Hyat% 2.8
T o ogloh AR, @S WRREGEIN S HEEH

el s ] fARgEmERe] MhEch ol =

2} H,0, H;, O;, OH, N, H, O, N, NO2| 97}
A (LB E BUMGSE dgetedeh e}
A IBARR S cheel Xo= gpsle.
1
A{Hz+2—¢ (0, +3.76N,)

nef2, H;O + 2, H, + 22 OH+x, N; +25 H
g NO -, O s O Fagg N | weeeeenns (1)

2-1-2 WEREFHEX

(1)) Mpi Kl A H, O, Nell =lal zHz
HERAFENE A83ka

Ne (2, + 22, Fayag) m2A oo (2)

np (@, +x3+x5 + 2%, +x4) = % """""" (3)
A .

n:(2x.+xa+xq)=3.76€7 .................. (4)

2-1-3 {cBPEHEX -

WAULTTHE H, O, Nol Al 97k=18] (hBRe
& A¥sldene o8 671x (LEBEFHAS
# MR et '

KPI

2H,0 sm== H; +20H +rrrevererammmarrmrennes (5)
K .

2H.0 ‘é-_z__ OH, 4+, smreerrrrersasieas (6)
KPJ

NoF Oy == 2NQ -ereererriosssrirsnsnnianans (7)
KPA

Hz = PH e (8)
KP:.

O2 "-.-'_“2 20 ................................. (9)
Krs_

N, = QN -seorerareanee e 10

(5 “"(IO)OH/H LR Kee Fo) BEHE P

dbed chee) Ko s vebd 4 gloh
Xy X4
KPI xlz P (11)
H
Kz = i) ::7 = P RN (12)
Ty



BEhET R EFF/Vol. 6, No. 2, 1984/49

Kps = x_._‘ o 13
P
Kp, = __x.S;_ s P ot 14
K.=% . p . .
b5 = T (15)
Kol
K = P et st (16)
Xy

2-2 KFE-ZF BEM Otto cycles

2-2-1 SdE=ZI EHRARE

EEsmiEo 4 k¥ TR £¢7E LBR

fie] delviz)l row 1 psrel A #=
e}z 75, SelERy) Bs)nz M)
B Hoikfle e Re,

T - O 47
7] 4
S°=Z}m(§?‘ﬁ 1,,%‘_) ..................... 19

olw, FRIHEMAIRET N
PVa=n R T -oercereessmmmmmnaniiniiiinns. 19

£ #HAZ

REfiER el HiE T,2 K571 904 Newton
-Raphson?] Hik-$ ERAZIUC ol vlgx 7
v},

T,=T,_.,— (AS)/—I/(S%) ............... 20

2-2-2 EIESRHBRILARE
o] @B A M E xkA e g dojdela v
Hyebel BiHAREe|RR BB F1kAeZE

B,

o]},

9 7}z g S EExel MEH W B
1190 ol Aol st K (2)~—(4), RA)~06), 2
19, = 21)7+ Newton-Raphson®] Hihs {HATH
o},

2-2-3 SAER2I ERATE
EfARse 2o BRAR s Bk

o] AR {LARTHEL o MY SEH R
o] glelx fEERtt.
TAlE=I e A 2LE,

o]},

K (@2)~@), K1)~ X019, K)ol IEHEH
&l gut ) 41-& Newton- Raphson® Zjpig =&
Fhof e},

2-3-4 AlO|E2| FHADEN

Fig. 19 &A#-24 RERS FHAEE 3

B MR Otto cycleol] A 1 4bol 3 Fak2] 2

W chgst 2ok

Abol Z2| BT Puoe

W
e At 24)

olB 2, K0P FAFEe A2l (RAFS K
et

A

Fig.1 P-V diagram for Otto cycle with
hydrogen-air mixture

2-3 RBREE ERE NO2| JFFHEH

Qeipel B, EEHOl weld TS 0%
chx fsEste] NOo| M Algskn 4l 4
WA neh U4 2 ko Rk webd
2AEES REE REEKES HiEst s



50/5% 3

oJ ok ghe}, olell eHell 4= Lavoie, Newhall &
Starkman, Annand, Benson, Zeldovich 5ol 2]
ghel BEFEAL mR R 9b glepo®

2 ol Foll 44 Zeldovich 2] B4 HHsle] o
28] 37} R [RpERS ERE extended Zeldovich
mechanism-2 # Ak NO & IBEE Rflshd vt

N;+O T NO +N -ceocermmmnrsinnnnns (25)
Lk,

N+Oz .-.-.1:_.3- NO =N rrerremmmmeciraenaanns \’26)
-1
Ky

N+0H — NO +H ........................ (27)

714 pgAF ki chE2] Arrhenius 32
Hel2 EASH Fle, b W A el A AR,
E Table 1o vhebd Zish ze},

k=daT?exp(— 4E,/(RT))

A 2)—~2nE e NOURES slzbe] A B

g st el Ravdeh

3£ (NOIV) =k, [0) (N,) +K, [N (0]
+ky (N (OH)—k_,[NO)
(N) —k-, (NOJ (0) —k-s
[NO] [H] .................. 0g)
714 () = AR eke] BE vebdch,
A29F F7 Hd AL =24 (0], (N), (0.,
EOHJ (H), Nl sl Fgushoedok dla® of
ohgsl el sbgRe (N)& (NOJol et
Sl g el 107RFE ES gelm
cA bl 2 2Ag e ® O, 0,, H, OH: F
gkl Qlekm JFAY S gleke
wheba oleqt Aol A8 KegE 2t s

tu _&m|n.

.

_INOj 72,
4iNO} 2"1%_3[1 aNoue] S 80
Tdt P {NO}
[1+K;N0t,]
olek, ¢17]4

Ry =k, (0] e(Ns) e=k_y (NJe(NO) ¢ +----81)
Rs =k; (N] o [02]) e=k-. [NOJ.[0) ¢ - 1)
Ry =ks (N) £ (OH) o=k _s (NO) o (H] ¢ =++++-(3
K =R./ (RaFRy) tooreemvrenmsmersnrunnssnins 34)

S Z 45k, {NOjE NO& H38 Az er
M Al T Z2F vebich
2-24 R & 5o FRIRELL Table
12 FREEME K30 fAS Runge-Kutta
o Ko w FLWMBHES AT

Table 1 Coefficient a, b and activation
energy AE, for reaction rate k
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Table 2 Engine specifications & operating

conditions
Item Specification
Type L-head, water cooled
Displacement, em? 816.1
Compression ratid 7:1
Coolant temperature, ¥ 327
Air inlet temperature, K 293
Engine speed, rpm * 1500
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Table 3 Engine specifications & operating

conditions
Item Specification
Type CFR engine
Displacement, em® 612
Compression ratio g1
Air inlet temperature, K 293
Engine speed, rpm 1200
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