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A Study on the Performance and Particulate Emission Characteristics
for the Hydrogen-Premixed Diesel Engine
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ABSTRACT

In order to reduce harmful substances such as particulates and nitric oxides emitted from diesel engine,
many kinds of methodology like high pressure spray of diesel fuel oil, exhaust gas recirculation, emulsified
fuel usage and dual fuelling have heen studied.

Dual fuelling of a diesel engine with hydrogen which is well-known as the clean fuel and has excellent
combustibility is expected to be effective in reducing harmful substances from diesel engine.

This experimental study was conducted to investigate the effect of premixed hydrogen with intake air
on the performance and particulate emission characteristics using a single cylinder, prechamber type diesel
engine,

As a result, it was clarified that a hydrogen-premixed diesel engine can be operated in the state of
lower particulate emission and slightly aggravated fuel economy, compared with the conventional diesel

engine.
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Table 1. Specification of Experimental Engine

Description Specification
Type 4 Cycle Water Cooled
Precombustion Chamber
Diesel Engine
No. of Cylinder 1
Piston Displacement 0.358 liter
Bore X Stroke 78 X 75 [mm]
Compression Ratio 249

Rated Power 5/2200 [PS/rpm]
Maximum Power 6/2400 [PS/rpm}
Injection Timing BTDC 10°

Fuel Injection Pressure 1373 MPa

Injection Nozzle Pintle Nozzle [1X¢lmm]

[Tty —

Dighal T—2
O Thermemaeter

Temp. controllar I

~—‘—| NOx Analyzer l

[‘Fuelm

l Tank
11 =
r-o Diesel
L“ | ETane_*_<)
13 (lI’) 415 @
12 ! Sui‘ga
Tank
LJL

M
559 3
O

1. Dilution Air Filter 2. Heater 3. Mixing Mesh 4. Mixing Orifice 5. Dilution Tunnel 6 Partlculate Samp-
ling Probe 7. Filter Holder 8. Prony Dynamometer 9. Digital Balance 10. Digital Tachometer 11. Fuel Me-
tering Device 12. Hydrogen Bomb 13. Flowmeter 14. Manometer 15, Orifice Type Flowmeter 16. Suction
Air Blower 17. Suction Air Filter 18. Suction Pump 19. Gas Meter 20. Dilution Tunnel Blower

Fig.1 Schematic Diagram of Experimental Apparatus



36 ARG - FEA - o)A A - AEA

(mg/m»& &3] % Dilution Tunnel, Tun-
nel oA wj717t2e] 5 48] (Dilution Ratio)
2L 9% NOx ¥=(ppm) EFFA, £ &
A& 919 Digital Thermometer 52.2 T4 8¢}

22 A |

HAd 7@ AESE oF 1417 Ax 43y
FEF 259 HIE VEoE HY FHNH
dg AT F JEE AFEYch 5= 7]
T HHEE L Yol dAF el N 49
FTEES dAF R TR gt gA {9
TREFE AR, od FAhIFFY W
o] g 92 SFIA.

7188 F1Fe g FFA 6 A3 &
8T Surge Tank& AA 71&ol FFHA
orn fFA e HAAR QY FHEL] FAE
w37 5l f%A 7Sl Blower® 4
A FrBes FFHE F4E 79
Aoz BUAA Frste] e F3EA
syt UARE £33 fFAd 3, T4
Bubble Meter2 BA% W& {FA 23
27 ARtV He AES F dF2 S
rarate] oo A 0] & (keal/psh) & T3HAT-
282 XA & (Fractional Hydrogen Ene-
rgy Input)& 713e] &£ L= B F3}
dA Andhs tAdf R Fid g8 F TF
ANulA] F Fid o FFHE AU HZ2
Aosle T3 F,

A A &=

Fho 9% 37 1A

X %
T 4 S 9% 3 22 a0

Zlgoz e e EPA TR F3d
Ude] v 2a-g WA 212mme] ¥ F-E Stainless
Steel 304 Pipe 2 A|2HE £8Z o] 32m9] Dilution

Tunnel Yo A% ¥Z % F Dilution Tunnel Blo-

wer®] 213] Tunnel Woll &8 24779 &
Age] trlEd BE&E Y E HJHAIFT, Gas
Sampling Position®ll 4] Isokinetic Particulate Samp-

[ )
— ]
Static Fressure

Stalic Pressure
- Tube

| A & Holes 1.58mm
H H in Diomater
v HE / equally spoced

Fig.2 Particulate Sampling Probe

ling Probe(Fig2)l <8 Filter Paper Holder®
ek WgAE xYsgch

old uj7|<} FAFr}e] EFE FEEA
8l7] &) 270 2] Mixing Mesh} Co-Current Mi-
xing Orfice® AX3dden, HAHF7 7194
Heater(4kW) ] Temperature Controllerg AH&-3}
of FHu)7le LEE 39~42°C BANA 4R
A HA sk

NOx Analyzer(Chemilumenizer, Columbia Scie-
ntific) & o] &8t 7@ L2 HE S v]7] @ Tun-
neltf 8] FHAu7] Fo NOx =8 FAHT F
8] 71 9] 34 ¥) 8 735925, Particulate Sampling
Probeol] 2]8 &< Nuj7le] A2 S8
3 o} Filter Paper(90X 90, Micro-glass Fiber Fil-
tep)oll LI P v]PAte] FH(FF 98 JT&
glol7] 98 ER AF 90°CE u4MT AX)E
v} 23 ) (Shimadzu, Readability 0.lmg) &2 &3
&te] T340l 3t | wl7) Fo WA
B4 WEFrE(mg/m)E HE3Ah

#27¥] (Dilution Ratio) Dsz-“f%gi
Cu :H171%9] NOx&Xx(ppm)

Crir © 84 7]F 2] NOx% % (ppm)
Co - F71%9 NOx&Z(ppm)

ngA e FEEE

y _
Cy=== DR - (273+T.)/293 (mg/m)

5



AR EE A BERS) pheE 2 SR TR HHS B el T IR 37

Ms : £39 932 2% (mg)
Vs D AEHE H487] A3 ()
DR : 34n]

T, (E¥ex

o]w] 3 A 8]+ Dilution Tunnel Blower?] ¥&
T B E A& 14~16 EHANA dAEA
frA 8t

79 2EE Ktyped] 1€ X33 Di-
gital Thermometer®l] 28 £33} 54},

Fig32 1700rpmoll 4] o)l = ) A} & (Fractional
Hydrogen Energy Input) €] 7)ol wg 373
% & (Excess Air Ratio)® 7] &< (Exhaust Gas
Temperature) ] W3S 7} £3d2 Jad A
olth, 3717 Y &L A A & 9] F7le wie}
Zp Rt BE AP Ed olRe FiF
o] Vg2 N dAuy Frl3e] a9}
A o] @Y FHZe did Bag 27
Fo] AFH} §7] fEo|tt wirjexE o
YA A& Frtol wel 4 Bl nF A
FIAATH ole F7FHYES Ti2 AT F7)
Fd &40 AP 2 549 @d Y 227
HAfRT 27 dE9 Aoz AYHE,

Figde 75% 3t A] oA A& 2] F7}ol
wE F713YE 2 wiriexe Has & mpm
HE Eh 202 F7| Y& 13 ZH o)
Z} pmol A 25 FARIES W7 EE pme)
F7 o wer Asstah

3.2 XA S3e| tiEsT s

Fig5% 1700pmel A oAt &)&2] wake)
0E ZHontHe vEAd B viETE
(Particulate Concentration) 3% 7+ ¥sgz
Uebd RAe g, Z Rt BE oLzt H
&2 7t wel v gAY Ede weseTt
FaET7E oA Frbske AHE 1, o

EAR. Tem

o ¢ 90 g load 1590
a 4 75 g load

o » 50 ¢ load 1
-] & 25y load

- 400

Exhaust Gas Temperature Tes (°C}

Excess Air Ratio

050 20 30 40 50 80 70 80
Fractional Hydrogen Energy Input (J)

Fig.3 Variation of Excess Air Ratio and Exhaust
Gas Temperature According to Fractional
Hydrogen Energy Input at 1700rpm.
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Fig.4 Variation of Excess Air Ratio and Exhaust
Gas Temnperature According to Fractional
Hydrogen Energy Input at 75% Load.
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Fig.5 Variation of Particulate Concentration Ac-
cording to Fractional Hydrogen Energy In-
put at 1700rpm.
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Fig.6 Variation of Specific Energy Consumption
and Relative Value of Particulate Concent-
ration According to Fractional Hydrogen
Energy Input at 1100rpm.
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Fig.7 Variation of Specific Energy Consumption
and Relative Value of Particulate Concent-
ration According to Fractional Hydrogen
Energy Input at 1400rpm.
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Fig.8 Variation of Specific Energy Consumption
and Relative Value of Particulate Concent-
ration According to Fractional Hydrogen
Energy Input at 1700rpm.
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Fig.9 Variation of Specific Energy Consumption
and Relative Value of Particulate Concent-
ration According to Fractional Hydrogen
Energy Input at 2000mpm.
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Fig.10 Variation of Specific Energy Consump-
tion and Relative Value of Particulate Co-
ncentration According to Fractional Hyd-
rogen Energy Input at 75% Load.
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