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Abstract : This review paper, which is based on the survey about bio fuels in the committee of the Combustion Society of
Japan (2005-2007) and in addition with our recent experimental researches, presents the potential of advanced technologies
of bio fuel engines.

It is shown that the ethanol fueled chemical turbo engine (CTE) has good promise of performance and efficiency gains. The
CTE essentially has two advantages over usual spark ignition engines. First advantage is recover of heat of exhaust gas as
chemical energy of gas mixture can be produced by reforming of ethanol at comparatively low temperature, around 600K.
With the advances in reformer technology, the use of higher fractions of hydrogen and other flammable species, could
provide the second advantage of CTE i.e. Increase of the indicate work due to the higher mass burning rate.

We also experimentally evaluate a performance and exhaust emissions of diesel engine without any modifications operating
on BDF (biodiesel fuel) reforming by ozone-rich air generated by corona discharge ozonizer. The combustion characteristics,
exhaust emissions are compared with the case of BDF as baseline fuel. It is expected that the flammable ozonide is generated
in double bond of fatty acid contained in BDF by fuel reforming. On the other hand, the ozone rich air is mixing into intake

air of diesel engine as oxidizer, and exhaust emissions of engine fueled with BDF are studied.

Key Words : Fuel, Bio-Fuel, Ethanol, SI engine, CI engine, Chemical turbo engine, Ozone treated biodiesel fuel
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Fig.1 Hydrogen yield for catalytic reformation of corn, canola and

soybean oil [4-5]
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Table 1 The potential of improvement of fuel economy due to the first

Engine

Fig.3 Ethanol fueled CTE

type advantage of CTE

Fuel Ethanol | Methanol | Methane | Octane
Zr (kJ/mol) | 174 49.5 165 930
Zo(kJ/mol) | 961 —-443 -559 —-209
7=|7r/7o| | 0.181 0.112 0. 295 0. 228

Zr: Heat of the reforming reactions

Zo: Heat of the oxidation reactions
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Table 2 Crank angle of start of combustion 6y at maximum indicate work

A6 Maximum 0o
indicate at maximum
work(kJ/cycle) indicate work
5 83.18 =2
20 82.94 -10
40 81.89 -20
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Table 3 Elementary analysis of tested fuels
Element Fuel BDF 035g/L | 03 10g/L
Carbon ¢ (wt%) 73.5 74.4 74.8
Hydrogen h (wt%) 12.0 12.1 12.0
Nitrogen n (wt%) <0.01 0.02 0.03
Oxygen o (wt%) 10.0 11.7 12.2
2 14
? Kinematic viscosity change of BDF
by fuel ozonization

g 12 [}
2 =
8 opnt O n
2 e =
o
®
£
2
¥ 08 :

0 5 10 15 20

Quantity of ozone addition g/L

Fig.14 Kinematic viscosity change of BDF by fuel ozonization
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Diesel Engine
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Fig.15 Experimental apparatus of diesel engine operated on ozonized
BDF and ozone mixing intake air
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Table 4 Specifications of tested engines

Diesel engine L48A | DY27 | D800
Cycle 4 stroke
Cylinder 1
Bore.~ Stroke 7055| 75760 | 82778
Displacement cc 211 265 411
Bore.” Stroke 7055 75760 | 82778
Engine speed rpm 3000 3000 2400
Compression ratio 20 21 18
Rated continued output kW 2.8 35 5.1
Fuel injection type Direct injection
Injection nozzle type Hole nozzle
Number of holes 4 4 4
Injection pressure MPa 19.6 19.1 21.6
Diesel engine generator lYDG250ASGD3000] =
Generator output kVA 2 2.7 =
500 100
i”g;gg‘g?gn_) Diesel engine L48A
-0~ NOx(03 10g/L) NOx
400 |1 -=-THC(BDF)  [gpF — 8
TS m -
€
g %0 Rice oil BD/ ) BDF(O 10g/L: = §
3
3 200 \ w0 £
= BDF =
100 A a THC 20
BDF(O; 10g/L) BDF(Os 5g/L)
0 - : : 0
0 0.1 0.2 0.3 0.4
Pme MPa

Fig.16 NOx and THC concentrations of L48A engine
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Fig.17 CO concentration of L48 engine
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Fig.18 Smoke degree of L48 engine
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Fig.20 Cylinder pressure diagram of D800 engine
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Fig.21 Rate of heat release of D800 engine
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Fig.22 PM mass concentration and particle size

WIZEZRTERL TV 5,

[¥] 23, 24 |2 BDF 28k E T2 7 ¢ — ¥ OVEEREE 3B IR
ISR AR A ) Y ZIRA L 56O ERITEICHN T 3
NOx, THC, CO HEHREE, RAE—JREZRT,

X 23 LAYV YDRAICK ST NOX IZOWTIEHTH»
WML, THC, CO 22w TIdb T h Il 2 i A
Bohr, K24 k) RAE—27RBEFEENITIZTSDOED
AHNDH, AV VIRACK D EAMIIE W TER L T
5, kb, WMAZRRIZ 03 ZIRAT DI E XD, bk
IR R AI DI 2 & TIRBEDMIEME X 1T NOx 233
ML, CO, THCPMEIL7cbDEEX SIS,

Baha, RERNERICE T 24V Y IRADRIRIZ, FE
fif (0.2~0.4 MPa) IZEWVTHTICERED EH, RERY
BRIZBTIBELBH SN, K25 122 ) Y IHNEHD
A% RT. WALRICA Y v ERBASEEI LY, B
BHLBR DG L FRRIC, b3 0128 JGENUII 23%65E L T
WAHABIE SN TS, ZiudA Y v 2BbAl L LT
ALTwB I EERIGL, BBENMMEEINTHEHDEHE
Y (R

M EXb, BDF 2K L T 258, WAZRRICA Y V%
BAT 2L THRBEIREBIZRAFE 2 D, NOx 23T %
A3, CO, THC &k, "HEMICE W TERIZOTRIC
LR, REREERIIRD TS 2 Ebh o,



58
800 110
SUBARU Engine DY27
Rice oil BDF
600 90
g_ ——NOx pom NOx
o -0-NOx ppm(03) N £
o) ~4-CO ppm CO Q
O 400 [~ -A-COppm(03) |— = 70
N -@-THC ppm %
6‘ —O-THC ppm(O3) Effects of O3 mixing in intake air| [
z i X
200 & Ozonizer ITB-7MN . o
TH
<
0 - 30
0 0.1 0.2 0.3 0.4 0.5
Pme MPa
Fig.23 NOx, THC and CO concentrations of DY27 engine
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Fig.25 Cylinder pressure diagram for intake air improvement by ozone-
rich air

45 £&ED
4FTR NI IO L) TH 5,

(1) AV VUL 72 BDF 2K E §2 7 4 — € LEEBdIc B
WL, AJGEIUHRIDYEE S 41T, NOx, CO, THC,
AE— 7 WEBFRFIEIRT 2. F7, 4V v ABic
& b BDF HOMEESIFHIML, ERROMBIVIE &% 1Y
T2 Enbrol,

(2) BDF %L E 32 74 — B LB 0 IR I B\ T,
W AZERICA Y Y ZIBAT S E, NOx 2384mL, Co,
THC 2MEILT 2 HAPME S N7, RE— 27 REICOV

(58)

HABMEE &5 55 524159 %5 (2010 4E)

TREAMDBAICO TP L 72, 4V 0
B 2R E MRk I, SJOENHIE I NS 2 &
Nbhiro -,

MEEY)Fs —CAEEEIcA Y v 2FNT 2854,
BDF, WAZERE S S IR L TR L THBRBERFICA YV v
DA L UTIER L, BABEREDI RAFIC 72 - TE KIEN
WAMERE L, NOx, THC, CO BIEIcB{bnfnr, &
CATRRHLERC & ) % L 72 35 35 SR U R 3
fi LT, NOx, THC, CO, AE— 7 IS FHEIHL 72,
WL A Y v R RE LGSR T O Y ViRE K
$, BRENODOLT O RBEMPBIE I N, TAERIC
SHICEREDA Vv 2 RA LA, KR L)
EpEon 20l TodbstEiLoN0%.

5. &N E

NA BB OEERHEMTIC oW T, IEoMERIC X -
TR OB RIF A & BREREDRIBN ICBGE S LD T L h
WFFcE 2ROl E % 2 HIcE Lo, 3 H TN
KIVIVICBITL2IY ) — VIR S ALY —RI vy
VIZOWT, B4 FETIET 4 — BB Ic B W TA Y AL
B 72 BDF 2k E L728GA, BIORSKICA YV Y %2R
AZSELGEIERLZ, 2o icow THirZEsEE - B4R
HFEERG & X O PIER I 25 5t 2 & o TRl igam L 72,
ZOMEHIE 3, 4 HEOFLOICHBL TH B, N4 FHRE
i TR =R Iz 2, Lo, TE
EAM) oAFARICEET2b0EEZ 60D, EICE>
TZDHDOE Y M ERIUTBNTH S,

AR, HARBBES TN A F R o BYEERT o B m 12 BY
THFEMATES ) (FE W LRERY: ARpifEng,

TR R BIMZEIR) 2B 2 2 RO IEEIRH[37)%
EDFLD, IhzIoIlfiLEDLb DTH S, KiFE
Moz FEMd 21CH72 D, HARBEERERESD» 6%
Ko ZHIER 2w, ICEL L TS o E 2 £

- =

7.

References

1. Bromberg, L., Cohn, D.R., Rabinovich, A., Alexeev, N.,
Green, J.B., Domingo, N., Storey, J.M.E., Wagner, R.M.,
Armfield, J.S., MIT PSFC-JA-99-32:1-8 (2005).

2. Bromberg, L., Cohn, D.R., Rabinovich, A., Heywood, J.B.,
International Journal of Hydrogen Energy, 26:1115-1121
(2001).

3. Bromberg, L., Cohn, D.R. Heywood, J.B., Rabinovich, A.
MIT PSFC/JA-02-30:1-9 (2002).

4. Bromberg, L., Cohn, D.R, Hadidi, K., Heywood, J.B.
Rabinovich, A., Diesel Engine Efficiency and Emissions
Research Conference (DEER) Workshop, 1-7 (2004).

5. Hadidi, K., Bromberg, L., Cohn, D.R., Rabinovich, A.,



AR, EEBINIAEBIIC 310 2 54 A IR & LR ]

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

Alexeev, N., Samokhin,A., MIT PSFC/JA-04-22:1-5 (2004).

Yukhymenko, V., et al., Problems of Atomic Science and

Technology, No.l.Series: Plasma Physics (13):142-144
(2007).

Korematsu, K., Journal of Chemical Society of Japan (in
Japanese), 38:238-240 (1985).

Bromberg, L., Cohn, D.R., MIT PSFC/JA-07-3:1-12 (2007).
Bromberg, L., Cohn, D.R., MIT LFEE 2008-01 RP,:1-21
(2008).

Bam, N., Process Development of Rapeseed Oil Ethyl Ester,
MS Thesis Department. Of Chemical Engineering, University
of Idaho, (1991).

Peterson, C., et al.,, Ethyl Ester Process Scale-up and
Biodegradability of Biodiesel, Univ. of Idaho, Final Report,
303 (1996).

Kinoshita, E., Myo, T., et al., Transaction of the Japan
Society of Mechanical Engineers, Ser. B. (in Japanese),
73(728):1135-1141 (2007).

Takeda, K., Takeda, H., Moriya, S., Tanazawa, 1., Transaction
of the Japan Society of Mechanical Engineers, Ser. B. (in
Japanese), 70(689):279-285 (2004).

Matsumura, M., Kamada, H., et al., Technical Report of
NEDO, Registration number 2002GP010 (2002).

Matsumura, M., Japan patent (in Japanese), No.2004-124008,
(2004).

Koyama, A., Journal of Society of Automotive Engineers of

Japan (in Japanese), 61(11):22-26 (2007).

Koyama, A., et al., SAE Paper, No.007-01-2030:1-6 (2007).
Joint Project on the Commercialization of a Second-
Generation Biodiesel Fuel, Bureaus of Environment and
Transportation, Tokyo Metropolitan Government (2007).
Sawayama, S., Endo, T., Yano, S., Sakanishi, K., Journal of
Society of Automotive Engineers of Japan, 61-11 (2007).
Uchida, K., Journal of the Japan Institute of Energy (in
Japanese), 84-4 (2005).

NEDO, Over Sea Report, No.975 (in Japanese), 1 (2000).
Sionoya, K., Charcoal Fueled Vehicle, (in Japanese), 25-45,
Power-sha Co. Ltd (1996).

(59

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

59

Yoshida, K., New Methanol Technology, 46-78 (in Japanese)
Science Forum Co. Ltd (1987)

Korematsu, K., Kagaku-keizai (Chemical Economy) (in
Japanese), 41:113-123 (1994)

Shutou, T, Journal of the Japan Society of Mechanical
Engineers, Ser. B. (in Japanese) 112:34-37 (2009).

Essaki, K. et al. Journal of the Japan Institute of Energy (in
Japanese) 87:72-75 (2008).

Furuichi, S. et al. Tramsaction of the Japan Society of
Mechanical Engineers, Ser. B. (in Japanese) 75:347-353
(2009).

Water Hoffmann et al. SAE Paper 2008-01-2415 (2008).
Korematsu, K., Nainenn-kikann (Internal
Engine) (in Japanese), Vol.14:70-76 (1977-5)
Suzaki, K. et al., Transaction of the Japan Society of
Mechanical Engineers, Ser. B. (in Japanese) 75:499-501
(2009).

Morimune, T., Yamaguchi, H., Konishi, K., Transaction of the

Combustion

Japan Society of Mechanical Engineers, Ser. B. (in Japanese),
66-641:294-299 (2000).

Morimune, T., Morino, T., Journal of the Japan Institute of
Energy (in Japanese), 85-11:882-887 (2006).

Morimune, T., Morino, T., Transactions of Combustion
Society of Japan (in Japanese), 49(148):98-104 (2007).
Morimune, T., Morino, T., Japan patent (in Japanese),
No0.2006-83742 (2006).

Hashimoto, K., Akutsu, Y., Arai, M., Tamura, S., Journal
of Japan Petroleum Institute (in Japanese), 39(2):166-169
(1996).

Graboski, M. S., McCormick, R.L., Alleman, T.L., Herring,
AM., NREL/SR-510-31461:1-81 (2003).

. Morimune, T., et al., Technical Report of the Committee

of Investigation and Research on Bio fuel Combustion
(in Japanese), Combustion Society of Japan, J1-J128,
E1-E86(2008).



