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Background 3/19

Advantage of Cl over Sl on hydrogen engine

® Thermal efficiency
® Engine size range
® Power output

® Prevention with abnormal combustion

Auto-ignition of Hydrogen
Higher compression ratio

== Not only higher mechanical loss Therefore, we

but also higher heat loss Dropose new
as short quenching distance of approach.

hydrogen "D'::>
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Hydrogen

Auto-ignition temperature
of it iIs much higher than

Background

419

In popular compression
ratio engine, it is hard to
obtain auto-ignition of H,.

gas oil.
H, CH, Gasoline | Gas oll

Minimum ignition energy (mJ] 0.02 0.28 0.25 -
(equivalence ratio ¢) (1.0) (0.9 (-) (-)
Adiabatic temperature [K] 2380 2275 2270 2350
Flammable range vol. %] 4—-75 5-15 1.3-7.1 0.6-7.5
(equivalence ratio ¢) ' (0.1 -7.17) (0.5-1.7) (0.77 —4.44) | (0.56 — 7.55)
Agto-lgnltlpn temperature K] 850 918 270 523
(air-fuel mixture)
Quenching distance [mm] 0.6 2 -
Molecular change ratio during [] - 0.148 0 +0.052 +0.063

combustion
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Method of Hydrogen combustion with DME addition 5/19

DME as assist fuel for Gas Injector

hydrogen combustion

Addition DME to intake air ?

SHeat release In
com

-Com
tem

~Reac
tem

mg)irogen combustion

7%

—

EX.
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Purpose of this study 6/19

m, Purpose of this study

This hydrogen ignition- assist method will make the
diesel engine operation more wide and stable.

® To grasp the effects which DME assist method cause to
the auto-ignition of hydrogen,

@ To achieve high efficiency and low emission together,

The most effective hydrogen combustion methodology
should be established.

\— 4
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Schematic diagram of apparatus for producing
and charging premixed gas with RCEM

7119

Connecting rod Crank Fly wheel

Combustion chamber

Pressure transducer

/
Amplifierm

é E
O, N, Ar DME [Mixing tank \Vacuum pump
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Effect of DME ignition-assist method on auto-ignition g, 49
delay of hydrogen

Ambient gas temperature T;; [K]
N 1050 1000 920 900
®; DME addition — [ 012 011 010009 008 007  doyel]
o £ - misfireg o |
B, Ar addition - 10 F ~‘.r misfire
<L g | ® w9
, Y it
DME- T 5.0l @
: EF A Ar addition
Intermeal ) 2 [ ®
| (intermediatey & | € ® DVE
( = addition
\Ar _T/ )] <:E501 P P BEPE SEPEN B SR DR P P B R T
0.92 0.96 1.00 1.04 1.08 1.12 1.16
1000/,
Injected Gas t,, [deg. ATDC] d, [mm] Pin [MP2] o.i [kg/m3]  O,[mol/m3]
H, -3 0.7 12 12.6 — 15.2 81.8
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DME oxidation reaction and intermediate 9/19
with numeric calculation by chemkin4.0

o 400]

S 1 H, injection timing

EBOOI_‘

3 200

8 L

@ 1OOI_' \f -

g 0 — ChocH, | ]o008 5

- —HCHO ~ © 100045
22 = 0.002 &=

() : d

© . . . _\ﬁ : 0 o

40 30 20 10 =

Crank angle [deg.ATDC]
Calculation &[] #DME [-] T, [K] O, [%]
condition 13 0.08 353 21
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Mole fraction of DME intermediate products 10/ 19
at the -5 deg.ATDC

[ Engine speed [rpm] ]

200
Compression ratio [-]

13
Bore x Stroke [mm]

4100 x 450

Mole fraction [-]

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07-0708 0.09 0.10
Equivalence ratio doye [-]

v

— CH,0CH, — HCHO =— H,O,

:f\\‘\

Crank angle [deg.ATDC] -9
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Effect of mole fraction of DME intermediate products 11,19
on auto-ignition delay of hydrogen

: Teeart [K] 1244 1195 1155 1120 1090 1061 1032 1001 975 949
Chemical Process dove [-] 0.10 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01

until ignition 10 F
Q g - —#— Without intermediates /
Most effective: H,0, = |——=m— Allintermediates ---LIRC ¥ /=
g —A— OH
A | H,0,+M OH+OH-+MIIE! o v HcHo |
Sk 210 ~* MO
OH+H.-H,0+H [IhJ 2 |
C
(@)
H+0O,+M-HO,+M [t S
| 5 * & 8
HO,+HO,,-H,0,+OIIIH] <o .
08 0.85 090 095 1.00 1.05

1000/T,,, [LOOO/K]
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Schematic diagram of test engine devices and 12/ 19
measurement system

Smoke Exhaust gas

Gas MEXA 1500D
chromatograph »

Gas sampling == | @l deecceees
unit

Surge tank

Dynamometer

¥

Hydrogen tank
40MPa m3

°6
(L)
(]
OOgll /
o8

cedsa

Rotary encoder

e @ o
Regulator
] Mass flow controller _
Heater Intake air
PC Surge tank |
Air flow meter Air conditioner
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Engine experimental conditions 13/19

DI Diesel,single cylinder,

Engine type water cooled,4 stroke cycle,2 valves
BorexStroke [mm] ¢ 110x106
Displacement [cm?] 1007
Compression ratio 16.3 11
Combustion chamber toroidal

Fuel injection system

Hydraulic oil driving gas injector

Nozzle configuration

¢ 0.25 mm x 8 holes angle 140 deg.

Injection timing t,; [deg. ATDC] -5 -55,-50, -45, -40
Injection pressure [MPa] 12

Equivalence ratio of Hydrogen [-] 0.28

Equivalence ratio of DME [-] 0.01 - 0.07 0.07,0.06, 0.05, 0.04
Engine speed [rpm] 1000

Intake air temperature [K] 393 353
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Effects of additional DME equivalence ratio on 14/ 19
apparent heat release rate

. b2 [1 Pi[MPal Engine speed [rpm] T akelK]

@) 0.28 12 1000 393

D % <&

O ] o 3 v

2, 1600 £ © —
- e Q

QL D E

Q 1200 <© % I—CU

© ' E O

O 800

N

qv]

QL

b

: ! ¢DME A

g 0.01 —

; 0.02 ...........

gt 0.03——-

E 0.05- - -

© | 0.06 ——

Q = 0.07——

o 1 \_ Y,

< 50 -40 -30 -20 -10 0 10 20 30

Crank angle [deg. ATDC]
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Effects of additional DME equivalence ratio on 15/ 19

S
E So stable operation
o [[} _The oxidation of DME affects
® as LTR of H2 combustion
@)
|::> High NOx Emission Level
—This is concerned
S
4 _ E:> Unburned Hydrogen is
2 < extreme low
S 0
g 50-' 2.—‘\‘\‘__.
< a0l I::> High indicated heat efficiency
3pl——— \ /

0.010.02 0.03 0.04 0.05 0.06 0.07 0.08
Equivalence ratio ¢y [-]
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Effects of injection timing on apparent heat 16/ 19
release rate

Do Py, [MPa] Engine speed [rpm] T aelK]
— 353
> 0.28 12 1000 . 0 o
. S5 r—
O -/ T w00 22X
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' 11200 5 & &
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Effects of injection timing C.O.V., NOx, 7, and 17719

) g r N
14
13 % E:> As LTR occur earlier,
. . = ] i > combustion goes little unstable
1000 p—— 15 O
= ;
2100 | E:> Lean combustion leads NOx
o emission low
< 10 ———————10
-y ' g Lean combustion and early
1° < I:[} injection lead unburned
= hydrogen high
60 —
S50 o O o o E[> Relatively high indicated heat
<40 efficiency
30 \ J

-60 -55 -50 -45 -40 -35
Start of injection timing [deg.ATDC]
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Conclusions 1/2 18/19

Hydrogen auto-ignition experiments with ignition-assist
method of DME using RCEM.

oThe oxidation reactions of DME promote auto-ignition of

hydrogen with the effects of not only rising temperature
but also intermediate products.

oThe adjusting DME equivalence ratio has a possibility to
control hydrogen combustion.

\— 4
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Conclusions 2/2 19/19

Hydrogen—fueled diesel engine was operated with ignition-
assist method of DME.

oThe high efficiency operation results in the hydrogen-fueled

diesel engine are obtained, but NOx emission should be
concerned about its high level in the diffusion combustion.

oWhile the lean combustion peculiar to PCCI
combustion realized NOx reduction, it was able to
be evaded the decline in efficiency and the increase
of cycle variation with too lean combustion.
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