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Abstract - An ammonia fuel system is developed and applied to a 1 liter gasoline engine to use ammonia as
primary fuel. Ammonia is injected separately into the intake manifold in liquid phase while gasoline is also
injected as secondary fuel. As ammonia burns 1/6 time slower than gasoline, the spark ignition is needed to be
advanced to have better combustion phasing. The test engine showed quite high variation in the power output
to lead high increase in THC emission with large amount of ammonia, that is, higher than 0.7
ammonia-gasoline fuel ratios.
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Fig. 1. Test engine setup.

Table 1. Test engine specification

Number of cylinder 3
Bore X Stroke (mm) 71.0 x 84.0
Displacement (1) 0.998
Compression ratio 10.5:1
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Table 2. Fuel properties

Ammonia |Gasoline| Diesel |Methanol | Ethanol

Molecule NH3 C7C17 Cl:.;HZ CH30H |C2H50H
Boiling
-33. - - 64. 8.4
Point (0C) 3 7 7

(Air/Fuel)s| 6.0456 | 15.291 | 14.3217 | 6.435 8.953

Latent
Heat 1371 310 230 1203 850

(kJ/kg)

Energy
Content

(MJ/kg)

18.6103 44 42.38 20 26.9

Energy
Content at
stoichiome

tric
mixture

(MI/kg)

2.6414 | 2.5781 | 2.7660 | 2.6900 | 2.7027
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Fig. 2. Deformation of O-ring with ammonia.

Fig. 3. Fuel pump for ammonia.

Fig. 4. Replacement of injector O-ring.
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Table 3. Test conditions for basic test

Engine speed (rpm) 1,400

Load (N.m) 20, 40, 60

Ammonia:Gasoline 3:7, 5:5

Spark timing (CAD BTDC) 15 ~ 40

Table 4. Test conditions for full-load test

Engine speed (rpm) 1,400

Load (N.m) Full-load

Ammonia mixture ratio 0~08

15 ~ 40

Spark timing (CAD BTDC)
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Fig. 5. In-cylinder pressure result comparing ga-
soline and ammonia-gasoline combustion.
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Fig. 6. Heat release rate result comparing ga-
soline and ammonia-gasoline combustion.
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Fig. 7. In-cylinder pressure result as spark igni-
tion timing changes.
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Fig. 9. In-cylinder pressure result comparing as
dual fuel ratio.
Engine Speed : 1400 rpm
20 Spark timing : 25 CAD ATDC

~ O NH3:Gasoline = 3:7
g —O— NH3:Gasoline = 5:5
~ 15
o
3

© 10}

o

@
! 5 L

2
3
I 0 & .

-40 -20

Angle(CAD)

Fig. 10. Heat release rate result comparing as
dual fuel ratio.
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KIGAS Vol. 19,

No. 6, December, 2015

Zu .ol A - 71 A 3

B Yoluks A4S D257} ol MEFo] F7h3}
) S S0} W1 07 Sl B4
QP o] Z7ksked NOx7} 2hshv, 2 o) vl els)=
FRUoLSE Bag STl whet S7hehe 2L 3
91 @ 5 glek.

293 R ok BAUAE X A ¥
L Read ol B Fage] $7184F o] et

4 A o] k= A 8 & OAE(Flg 13), &3t
7HEY AT THaol wet 'helar 4w &b~ 2
AT ﬁ-}"l = ok AT R Yo} EAE0.70

FollA s daERBAE SR U8 et E
olFFt=Ae & A

V. d 2
1265 7148 Ao A rUjole) 7jEu e &
N2 5 Y= ARA 2R B A o)A 28 S T4
AT ol 8 olgate] rUolslEd Eaol mE
A%E232 1400 rpm 2704 A8 e} 2
o Ale 9 5 YT

rl
m

FEo} QI E Al 25 A ghmufofe] By
2sho] Walo] oluhis FEL awAlslof T
) shmUjol kel S hvjolel mdleis
©= Q8 7hed wEAL B} HEA 7] A
A A7 ok BT QtrLio} s B] & Z7tol e}
A7) R1zkE o] of et

) Lo} B vl go) S5 ghiol| <
Hﬂvbﬂﬂﬂﬂﬂ*ﬂzﬁﬂ 6H£%E
H%E*m§07ﬂ%wﬁh %@%%ﬂi
sl = =19 NOx W &3] 2 st THC Al 4]

o
oZ:T\)\ G

dob N

AL =

B AT = d=olvArled Ao Fartg el A
< ol TR TH(B3-2423-05, B5-2447). ©]
z

REFERENCES

[1] Zamfirescu, C., Dincer, L, "Using ammonia as a
sustainable fuel", Journal of Power Sources, Vol.
185, pp. 459-465, (2008)

[2] NH3 fuel association website, http:/ /www.nh3
fuelassociation.org/introduction/

[3] Grannell, S., The Operating Features of a Stoichio-



[4

_—

—_—

metric, Ammonia and Gasoline Dual Fueled Spark
Ignition Engine, PhD Dissertation, The Univ. of
Michigan, (2008)

Morch, C.S,, Bjerre, A., Gottrup, M. P., Sorenson,
S. C., Schramm, J., “Ammonia/hydrogen mix-
tures in an Sl-engine: Engine performance and
analysis of a proposed fuel system”, Fuel, vol 90,
pp- 854-864, (2011)

Li, J.,, Huang, H, Kobayashi, N, He, Z, Nagai, Y,
"Study on using hydrogen and ammonia as fuels:

Yol-7hed &2 4%

(7]

3

Jm

Combustion characteristics and NOx formation",
Intl. J. of Energy Res. online version. (2014)
Reiter, A. J., Kong, S-C, “Combustion and emi-
ssions characteristics of compression- ignition
engine using dual ammonia-diesel fuel”, Fuel,
vol 90, pp. 87-97, (2011)

Frigo, S., Gentili, R., “ Analysis of the behaviour of
a 4-stroke Si engine fuelled with ammonia and
hydrogen”, Intl. J. of Hydrogen Energy, vol. 38,
pp- 1607-1615, (2013)

St 7~ 8 3] 2] 419 A6 2015 12



