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Table 1- Property of hydrogen and CNG [3,4]

Properties Hydrogen CNG

Lower heating value (LHV) (MJ/kg) 119.7 46.72
Volumetric LHV (MJ/m?) 10.22 32.97

LHV of stoichiometric mixture (MJ/m3) 3.02 3.13
Density at NTP (kg/m?) 0.08 0.72

Molar mass (kg/mol) 2.02 16.04

Diffusion coefficient (cm?/s) 0.61 0.189
Flammability limits in air (vol%) (lower—upper) 4-75 5-15

Laminar flame speed at NTP (cm/s) 265-325 38

Auto-ignition temperature in air (K) 858 723
Adiabaticflame temperature in NTP air (K) 2379 2224
Minimum ignition energy (mJ) 0.02 0.28
Quenching distance in NTP air (mm) 0.64 2.03
Research octane number 130 120
Stoichiometric air fuel ratio on mass basis 34.3 14.49

Limits of flammability(equivalence ratio) 0.1-7.1 0.4-1.6
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Table 2- Engine specifications [10]

Make & Model Subaru & RobinEH36D
Type Single Cylinder, 4 stroke, air cooled
Fuel HHO-CNG, CNG and petrol
Compression Ratio 8.3:1
Displacement Volume 404 cm®
Bore 8.9¢cm
Stroke 6.5 cm
Continuous 6.3 kW /3600 r.p.m. / petrol
Output
Max 8.5 kW /3600 r.p.m. / petrol
Max. Torque 27.4 N.m /2500 r.p.m. / petrol
Ignition System Flywheel Magneto (Solid State)
Carburetor Horizontal Draft, Float Type

1. Brake thermal efficiency
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Figure 1-maximum torge per engine speed when using petrol. [10]
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Figure 2- Recommended power range and maximum power when using petrol. [10]
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Figure 3- Kite ready CNG. (1- Gas mixer, 2- Adjustable valve, 3- Pressure gauge, 4- pressure and flow regulator)
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Figure 7- Mixture Chamber and Engine connections (1- Air inlet, 2- CNG inlet, 3- HHO inlet, 4- Engine air intake valve lever)

(990 6999 Slg» a2 30 p 8] —F g HHO 59,5 —Y CNG (53959 - ¥ (lg 55955 -1) y95 30 41 5T JUail g oS bglons -¥ JSi

05 Dl S 4 (Bras (59,0 slade (nlpll S9d oo olitul S g JoSo lgieds Ll (59,000 0lgn cnl )

odIadsi ()55, Al 4y azgi b o,S adgs (o) 55095 5o o 2SIl s @ Glsiee |y (s o5 e cal ool
033k 38,50 Jelge 05 plonil JS 00 4 Jos ol a5 sl p3Y T so oty O 59 x5SUT 5 )b 5l e3g ol 50
Lailg) 5l osliinl b ol (935 159,008) (159,908 Woe ol dussin 5 )Lad o oy Sl Jolowo dloog 21 iz o Jols

\YY



ngb)yj)‘da)wm

Jedoar s jo Lol el g VITA 5o mSI 9,0 (6l (6595 3y JBlas oS Cenl ouls aseine ((Solinoge
el i ol (bl 65,50 b om0 o 5 o callBl ool s lacls se2s 5l 250) atulysl slacuslia
Doalat o il

SulB o906y 2 Jobe (S (plosad «(So5d SIS 5dg S (B9, 4 (39,0 Sddg o Shee 35t sl
el o alol S 2SI 5,30 O il JBlasay jslateas LIS ol el 48,5 15 addllas g syt Sy90 5oy iS]
5ele S Joho S (S Sl uilasl sl do 0 Ve 3902 50 Joome (Saie jlg 58Ul by, 40 (595008 g8 (seml 035
e el colis slocds iUl solitul 558 G LoyS 2 jgoas b les] 5551 5l 6 oS o5doe el
6ol Cwglis oS el ol mpw (aig)ls (migmed S9dos Jobo jee Job GRIE 5 sll Cuglic
iz 955 0 523 S (sl 5 S5 ol ek Ghalidl Sl 5 Sl Gl 55 ot sl Sy5ee Sl i
Dypaflacms o Lialal 1) 09,580 adans g axils a5 ool 1) Jsko 55 Yoono

6381 | g2 ors 1055 e LS sl el o0l Bl alse ol b 55T )5 0 olSitus el g b o
b oS Jlesl 1 Liad JBlas a5 ol (ggm0y olfiws ol (>lyb cpioman g il oYU 235l l,ls sasansly olSus a5
Al dgupy oliws o Slee (alls Ol yo (NAOH) eowsacnS joun 5306 Jolxe duoyo 5 Slxaws slass jo Ol
To9 j9ige 4 odbader I8 JWl eson g Cadg iSIN agd liws slal 5 avaie WSiws cEle ol dalsl o Ll
L plis ool Joe 5o o (e 4 05 00 28l y0 (bi,all) plins 5155355000 55 9550 50 sl (50 09 o0 00l
D9 i y5i50 S92 5 Pkl L]
O 15 el 93dBl vuo 0 g (Log iSl) St po alold (Olas slasi 5,5 1,8 a> g5 5,50 Wb a5 (6950 aloz )|
3 A JS8 4y g Sl alowl (g coliws ol jo Lasein auwp J8lasay 5dg i8Il 51 56 sle,S odgs oS o9 cnl
) el o (S (g5l 2y ¥ 5 iy Jlasl 505 S5l 55 s ¥ sgam sy b (B s oSk 0
il ogdga ;55T 0 3l OF el Gher e Coleiye LS adg cnl dgdbioe il LS Dy 4 g 09 s
DAAVIS S lass 5 Slas 09 s1p 1y 38 0l 9 55 83game T by 58 i b lyien

b il Olmio 5l e se id] ol ¥VF-L 0,5 Lol Gudinal 5l onsiassl A JSE 530,000 Wse olfiws
50 85,5055 4 oo oadoly el il sl oles [V Als,S eolatwl YASF-L LYV L ¥-F-L LY F slasld]
hie § Cute b a5 Slrio ool oad solizl YAF-L LT 5l ¢ penlio Cuad 5 (05005500 Jedody (hmgly
ol 99,8l Slbs sl o o A Calies sl Sl Slbo g e due VY Clus (glls ouls eols Jlasl o) &
Egorme a5 el e £ gloo Olras Slawd 0,05 o 518 SV pilg laog mSTN g g Wlaid 57 )18 6w O g0y oliws
a3 o8 ¥ 51w, ol 55 el ool A olee 31 51 y5es Slyz 5 s VY olfius Slio oyl 4 onis Jlasl 5
00 bglie (5555 45 ,9SIS 5 il fate ,9uSUS G 4 oiss Jloz (pl el 00 o0liiunl ¥ Jgazr Slasein b (y5g 000
J51s 4 onialys igen amys Spdise Sl Lid il eaSbslie o y5ige iSe 4 ars b Ceal i

HHO Wgo ol&Kiws wlasine -V Jous
Table 3- Specification of HHO Generator

Width, Height 18 cm, 12 cm
Number of plates 28 - 316 Stainless steel
Number of Stacks 4

Current (A) 8
Voltage (V) 12
Power (W) 384
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Table 4-The effect (HHO-CNG) fuel on engine performance at 23Nm torque

Fuel Engine speed Output power Thermal efficiency UHC CO
CNG 3000rpm 7.3 KW %22 200 ppm %5
HHO + CNG 3300rpm 7.9 KW %25 140 ppm %3
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In piston engines, as the engine speed increases, the combustion cycle time decreases. Reducing the engine
combustion cycle time, the opportunity for complete fuel combustion is reduced. As a result, in order to
complete the fuel combustion, at high engine speeds, the spark plug must ignite sooner. Now that the natural
gas flame is slower than gasoline, this problem is becoming more noticeable. As a result, the spark ignition
timing should be increased further in CNG fuel mode than in the case of gasoline combustion. This leads to
an increase in negative work during the compression phase, resulting in reduced cycle efficiency. Researchers
have suggested adding hydrogen to improve natural gas combustion (HCNG). By adding hydrogen, the
flammability properties of natural gas are improved. In this study, using Hydrogen generator, hydrogen and
oxygen (HHO) gas is produced and consumed water by electrolysis method. The gas (HHO) produced
together with the gas (CNG) is combined with the air entering the engine. Then the effect of gas (HHO-CNG)
on the parameters of efficiency, power and pollution has been investigated. The results show that the thermal
efficiency increases with the addition of HHO. Under these conditions, CO and UHC levels have decreased.
This reduces contamination and increases efficiency due to reduced need for spark plug advance and
complete fuel combustion.

Keywords: CNG, HHO, compression, engine, contamination
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