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Figl. A schematic diagram of the test process, (A) Nitrous oxide gas, (B) Inlet air, (C) Control and measurement unit,

(D) Gas mixing chamber, (E) Voluminous air bag (bates cargo pack), (F) Manifold air intake, (G) Engine, (H) Exhaust
port, (I) Automotive Emission Analyzer, (J) CO emission, (K) CO,emission, (L) HC emission, (M) NOyx emission
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Fig.2. (a) Gas mixing chamber, (b) Voluminous air bag (bates cargo pack), (c) Automotive emission analyzer
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Table 1- Boundary conditions used in the optimization of parameters of CO, CO,, HC and NO, by genetic algorithm

Characteristic CO (%) CO, (%) HC (ppm) NO, (ppm)
Upper bound of nitrous oxide 23% 23% 23% 23%
Lower bound of nitrous oxide 0% 0% 0% 0%
Upper bound of rotational speed 3750 4500 3750 4350
Lower bound of rotational speed 920 920 920 920
Number of variables 2 2 2 2
Population size 50 50 50 50
Scaling function Rank Rank Rank Rank

Stochastic uniform
Constraint dependent

Selection function
Mutation function

Stochastic uniform
Constraint dependent

Stochastic uniform
Constraint dependent

Stochastic uniform
Constraint dependent

Crossover function Scattered Scattered Scattered Scattered
Crossover fraction 0.08 0.08 0.08 0.08
Elite count 2 2 2 2
Generations 200 200 200 200
Stall generations 200 200 200 200
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Table 2- Multivariate analysis of variance (MANOVA) of the parameters measured

Source Dependent variable Sum of squares df Mean square F
CO (%) 1.974 4 0.493 695.27**
Concentration CO, (%) 31.396 4 7.84 396.58**
of nitrous oxide (%) HC (ppm) 370097.59 4 92524.39 14341.09**
NOy (ppm) 11851.03 4 2962.75 2338.01**
CO (%) 0.282 2 0.141 198.38**
Rotational CO, (%) 4.630 2 2.315 116.97**
speed(rpm) HC (ppm) 43546.92 2 21773.46 3374.84**
NOy (ppm) 15660.54 2 7830.27 6179.13**
Concentration of CO (%) 0.237 8 0.030 41.78**
nitrous oxide (%) CO, (%) 0.383 8 0.048 2.42%*
vs. rotational HC (ppm) 24272.11 8 3034.01 470.26**
speed (rpm) NOy (ppm) 191.58 8 23.94 18.89**
CO (%) 0.085 120 0.001 -
Error CO, (%) 2.375 120 0.020 -
HC (ppm) 774.20 120 6.452 -
NOy (ppm) 152.06 120 1.267 -

** Significant at the 0.01% level
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Table 3- Duncan's multiple range test to compare the effect of concentration of nitrous oxide and rotational speed of
engine on engines output with significant at the 0.01% level

Source Level CO (%) CO, (%) HC (ppm) NO, (ppm)
1000 0.2356" 12.5016° 102.4927° 66.9322°
Rotational speed (rpm) 2000 0.1893% 12.1853° 88.2651%° 54.5231°
3000 0.1242° 12.0618° 59.1269° 40.5651°
0 0.3919° 11.4396° 165.5233¢ 38.5715°
Concentration 4 0.2407° 12.0007° 123.1204° 48.9726°
of nitrous oxide (%) 8 0.1326° 12.4067% 58.5304° 56.0996™
12 0.0867° 12.6174" 39.6248° 62.1700°
16 0.0633¢ 12.7833° 30.0089° 64.2204°
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Fig.3. Effect of percent of nitrous oxide in the air intake on the CO emission



AP 90 Jluoss (¥ o5los & oo (5559l glamiolo 4 pii  YAF

R ySaauslss (o3 23 i oy

e i 1531 50 CO, oan VT 58 ol sy ooia ¥ JSCi
29590 39° 45 o d) Igm )3 39290 AeuSlsise (1o yisce> clale
23 o lid Bl e il Yoo TPM G Y- .- rpmM |

Mgisio (lyn duSlgige ()gpised Clale (i o (oK
ol VT 58 il l5m bl Ll 0oy V& + 5l 6399
N e TPM j5 550 599 43 do,dVY/NY 4 VWY /2Y 51 55 CO;
WIYR AN VY g Voo e TPM j5g0 593 53 doyd WY/EY 4 VV/FD
Sloass (e (eloa .8l gl Yer o TPM jgige 503 10 Ao yd
45 33,5 o el 2uSlgige (59yusd S P S 53 s
45 Cline ol (ol 35 g0 y9550 ) JolS ©jgos 3l i
STy 3T i 3 it S saesls saen by
Vs 3 oelpl 99,5 (e 2y (6l COp 5B 9 ims o
Oy IS el plie (l3 81 L COp 8 clale e
b (ol egiste (slgn )3 39290 AeuSlgige

G331 Y TPM asy Vev e TPM Sl 55500 590 45 polSin
Slon Gl cul wboo GRIB 550 53959 Slop Ol b
4om 53 g oMb (3:3) j93S1 Jl (g )b B 45 00,5 o0 el (6299
b u.u.aal_f 9> L0 3990 CO; oaYl 55 cclale
Ozt (3Sly bl oo (LIl H9ige y9 & (oBid (rizxen
Dialil el 30 gadge ol 45 3,8 e ol CO, 55 4, CO 8

Hgiste lyn 1uSlgige (g ied Chle (i & olin
CO o3 ¥1 15 il line sl Sinlj3l daoy> V8 4 + 51 (6099
o[oF a o /SF N TPM j5Sg0 193 33 duopd o/+Y & +/FA 5l 55
25550 093 ) dopd o5 4 NV g Ve o s TPM y5ig0 593 55 dopd
9 daSlgige =59 s> LSl L Bl Jhals Y. - Tpm
Gl i )3) 5590 (£39)9 Slsp 1 S50 (5T ] oty
1 93 9 03 4o dSgige (17955 (63 5 VL (slod
Bl 93 om Gloj dlold (a5 o W ()T 051 S g (5988
Ol 19 )3 39250 ()3ST (lise a2 g7 L 03jl 5 33,5 0 0lisS
5 o dabe (1alS CO (coa YT 55 clale oy b o
Lin and Wang, ) 13,4l cawdas |y ol guls 55 (Y- ¥) g
ooy Lialisl Silles CO LS cdale tals b bl (2004
oilsdl 50 Lad el lossly iulial Jlisds gy dales s
o (i Sy plodl sy oo isl38l ooy o cdl salgs
CO LS fpgmalinns olime g ity comsisys £y sls ol
el salgs il
sl L 2y90 Sloj (50593 3,5 o0 sl yige 593 il
CO2 5L5 55505 (lie cnlnlis § 93,5 oligS CO B (ygplins]
CO B 5 o camis jd el dalgs yials CO 8 51 o apsS]
PMLS Vel a0 593 GRaldl L o (8)b jlcdl anlss 36l
9 OopmlipnsST STy il 593 55 slod l8l clleay ¥+ v
ol Aot 45 el aalss L5 8 CO, 55 4 CO 5 bas

20,5 0 COy 58 clale Jol el 1 aS 55 aales CO 518 5 10 by (aalS goudgo
o S0l5 CO S5 Cales 3 5008 e
—=— 1000
13/5 & 2000
—a— 3000
13/0 .
i e
12/5 » - 8
;@ ¥ - : S
< . -
& L
12/0 —
(&} o P
-] ¥ e
11/5
i T T L2 T T T T T L) T ¥ 1
0 2 4 6 8 10 12 14 16 18
N20 (%)

COz (oa YT JI5 2 y55a (399 (slgm Aginto 13 39290 MunSlgisa (159 ics> 2oy 5L —€ JSWS
Fig.4. Effect of percent of nitrous oxide in the air intake on the CO, emission



YAV Sa¥T als cua (a3 65955 51 59590 4 daaSTgiso (359 5869 3B 32555 e ol ao ot

220 1
200 -

180 ¥ R

160 -

140 ] -

120: ik
[ -

2
100 — N

HC (%)

80
60
40 —

20 o

' ¥ e

=— 1000
e 2000
4 — 3000
s
x -
-

0 2 4 6

10 i [ 14 16 18

N20 (%)

HC y 15590 (53939 slom Wgiuia )3 39250 JauSgige (15950 Mo > Sl —0 JSUd
Fig.5. Effect of percent of nitrous oxide in the air intake on the HC emission

o=l IS ysbas (Koc et al., 2009) ably cawy polie gols 4
Sgr30 IS (5eeS] ygn 53 JolS 3lyio) o 390 48,8 s
sbes ol JLodan g a3 e g9, dnSlige (39 s> S
edale Glie Loy Gl opl (saomis )5 &8 Wb e Gl Gl
e alS 255 HC

Sl33 (59551) (295 293 9 Gyl sled y9590 593 il L
PHC clale aomi )5 g 29 0 HC s s el o8 0l 0
wbide gl an hlSen 5 (& Mboe (1 590 (29,5
999 38l L el o 09Me (He et al., 2011) aubly cavday
sl a b e Gialsdl 3y ahiss 31 Jlw 3Lil jgise
Slogl ecl ggdge (1l 3,5 o I b g byl (gjgua,
23,5 o HC Lzl g JelS gl

oSt 595580 (323 bl oy
OForosd B glano,d NOx 38 505 jials X5, 7 IS5
Yoo TPM LY=o 1PM Sl o500 95 48 (ol )3 1) 2uSlgige
OSrsd ClE e o olin amd oo (haled bbe GRI3E
bl Gislidl ooy VE an 5l (6999 Vgtiio (slgn duSleige
YE/AAPPM 4 OY/SYPPM I 55 NO, clale lie o JWida
15550 53 ;0 FO/VFPPM & YA/OYPPM o+« «TPM j55g0 50 4
Yoo TPM j5is0 493 ,5 AY/YYPPM & YY/0FPPM o Y« -rpm

el 3l

piliaS] ey e Liul53l ol oS sl S5 4y p3Y Lo
Ao B oad 38, fl p clale sl Sla caws CO 5K
¥ JSs vy ol plo il salgs (Jlade (ol ) (o5ab
UialS Hege 593 Lialjdl 131 1 CO, oV 55 clale l5ne
b dalgs
35 5 CO B (w45 sl yiig ool Camnde gl 4 a5 b
€O L5 jials' b Ko cjleas 0yl 0959 blaio (glalaly CO;
99 Aol o ilS CO, 55 CO 55 iuliél b o Lil8l CO, 18
(Wu et al., 2004) 13,4 caday Iy olie (aomss ol Ko

0D gouws SLAG S 9538 (3 28 i oy
(i \~~~I’pm )I )9_)9A )9 d@&m Jel I) m‘yya u)9)~ud.}
382929 slgp euSlise (e yced Chale (e o (o
3 s HC ccale ol o Jlodas «cdl iol3sl aops V8 »
e o fPM jo e 493 0 ¥e/NOPPM 4 Y- ¥/YYPPM
Slg Voo IPM jo S50 593 ;0 YO/SAPPMa__, VAY/VAPPM
LaalS Yoo o TPM j9 590 493, YE/VAPPM 4 V-Y/23pPM
colale (2li8l Ly je5ee ongys B 0 ds39e HC clals il
Cleds g b a1 (9399 oinie lsp 53 29290 (1S
SenSlige ()59 s> Il dlawlgds yailow (39)3 (slad (58, YL
HC clale 5o (63955 (lo 0 39590 y5euST clad o g
P 3590 eS| cdale )38l (K0 @ jleds cwl adl ials
Ohlan 5 S8 295 00 lynl slod (18 Vb el (6399 Sl



IWAF 090 Jlumows ¥ o losds o al> «(5559LiS o miilo 4y o YAA

80 —
4 —=— 1000 rpm sl
® 2000 rpm A
70 4 —d— 3000 rpm -
i b i o
e -
60 e
4 /”/ d
=) o =
2= 50 et =t
>
o 1 5
40 —" - e S
30 g
7
£
T T T T T T T T T d T T T T 1
0} 2 4 6 8 10 12 14 16 18
N20 (%)

NOx y s59e 5399 (sl3n Wgicin )3 392 90 MuaSlgine (59563 duoyd il =1 JSU
Fig.6. Effect of percent of nitrous oxide in the air intake on the NO, emission
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Table 4- Results of optimization of regression models by genetic algorithmin three dimensions

Variable  Rotational speed (rpm) Concentration of nitrous oxide (%) Optimum value
CO (%) 3749 10.56 0.0038
CO, (%) 2847 0 11.30

HC (ppm) 3750 12.71 1.08

NO (ppm) 4300 0 0.238
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Introduction: Nowadays the number of motor vehicles in large and small cities is growing. Increasing the number of
motor vehicles leads to serious increase of the amount of environmental pollution and daily fuel consumption. Motor
vehicle emissions that are known as the most air polluting emissions cause 50-90 percent of air pollution. With large
increasd in the number of motor vehicles and their emissions todays, many researchers have investigated engine
optimization in order to reduce emissions of motor vehicles. But due to the lack of affordable changes in the physical
structure of the engine, it is not possible to create major changes in the amount of engine exhaust. Hence, in order to
improve engine performance and reduce emissions, a lot of research has been carried out on changes in the fuel and
engine inlet air. So, in this study a new method has been proposed and tested in order to detect changes in the
charactristics of emissions. So, the effects of enriched nitrous oxide gas on the exhaust emissions of a spark-injection
engine were investigated. In this way, a certain amount of Nitrous Oxide (N,O) gas was mixed with the engine inlet air
(with concentration of 0, 4, 8, 12 and 16 percent) and it was injected to the engine. Then its effect was studied on
emission parameters at various engine rotational speeds. Then, by using genetic algorithm, the optimal values of N,O
concentration and engine rotational speed were determined to reach the minimum emission parameters.
Materials and Methods: To measure the engine emission parameters including CO, CO,, HC and NO,, the expriments
were conducted after preparing a system to inject inlet air with different percentages of N,O into an Otto engine
(model: M13NI). In this study, the randomized complete block design was used to investigate the effect of N,O
concentration (five levels) and engine rotational speed (three levels) on exhauste emission parameters. Each expriment
was replicated 9 times. For statistical analysis, Duncan’s multiple range test and multivariate analysis of variance were
performed by using SPSS Software. Also, each factor was modeled by polynomial equations and the obtained models
were optimized in three dimensions by genetic algorithm method in MATLAB Software. After optimization ofeach
emission parameter in the same time by multi-objective optimization regression, separately, and determination of the
best value of N,O concentration in the inlet air andthe engine rotational speed, the optimizations were compared in
order to obtain the minimum value of emission parameters.
Results and discussion: The experimental results indicated that by increasing N,O concentration in the inlet air of
motor vehicle engine, the amounts of CO and HC were significantly decreased and the amounts of CO, and NO, were
significantly increased. Also, the results of this study showed that increasing the engine rotational speed at the same
time with increasing the N,O concentration caused a significant decrease in the amounts of CO, CO,, HC and NO,. The
optimal amount of N,O concentration and engine rotational speed by genetic algorithm method were obtained to
bel4.545 % and 3184 rpm, respectively.
Conclusions: The main conclusions obtained from this research are listed below:
- The amount of N,O concentration in the engine fuelis the decisive factor for decreasing emissions.
- By increasing N,O concentration in the inlet air of motor vehicle engine, the amounts of CO and HC were
significantly decreased and the amounts of CO, and NO, were significantly increased.
- By increasing the engine rotational speed and N,O concentration, the amounts of CO, CO,, HC and NO, were
decreased.
- The optimal amount of N,O concentration and engine rotational speed were obtained to be 14.545 % and 3184
rpm, respectivelyby using the genetic algorithm method. For these values, based on regression models,
concentration of CO and CO,, were obtained to be 0.056% and 12.5%, respectively.
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- The concentration of N,O and the optimum rotational speed of engine for CO gas were obtained to be 10.562% and
3749 rpm.

- The concentration of N,O and the optimum rotational speed of the engine for CO, gas were found to be 0% and
2847 rpm, respectively.

- The concentration of N,O and optimum rotational speed of engine for HC werefound to be 12.71% and 3750 rpm,
respectively.

- The concentration of N,O and optimum rotational speed of engine for NO, werefound to be 0% and 4300 rpm,
respectively.
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