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Table 1 Physicochemical properties of fuels
- N , # .
P EAEE bkl L
Density(20°C)/ Viscosity(20C)/  Cetane ow hea Oxygen
Name kg'm™ Pa- number value/ content/%
(kg'm™) (mPa-s) (MJke) o
Gl
Methanol 796 0.6 3 19.7 50
B20 832 4.6 471 42.1 2.32
B20MS5 830 4.4 442 40.9 5
B20M10 827 42 40.9 39.6 7.84
B20M15 825 39 37.5 38.4 10.61

e B20 ARSI A S (KR AR S 200 Tk 20% K1 80%; B20MS ' B20
R EERT T ARRL A H09 50h 95%H1 5%; B20M10 H[ B20 i FF BT (L 44 5
For A 90%A1 10%; B20MI15 1 B20 I FHEE T AR 23 5040590 85%K1
15%.

Note: B20 consists of 20% biodiesel and 80% diesel in volume fraction; B20M35
consists of 95% B20 and 5% methanol in volume fraction; B20M10 consists of
90% B20 and 10% methanol in volume fraction; B20M15 consists of 85% B20
and 15% methanol in volume fraction.

2 RBWRERFR
2.1 R E

IR DU RE . AR WA Bt i i
SEMHL 186FA, FEERARSHNE 2, FEMIL A bt
PN AT RS B AE P2 CWE25D HL i Tl s, 4 o) %
25 kW, FEEHR 120 N/m, #i7E #5354 2 000 r/min,
VFHI #3410 000 r/min; #ryL2E B 1 1A 7 4271 EST
WAL RS LR DEWETRON 2 ] 42 77 1)
EWE-2010 DAQ &L WAKE L I REE RS, % RGHH 16
ASKAEIE J2 0.2 CA KA P gt 2%; S5 TSI A
B2 1K EEPS 3090 2 AHLHERAR A, IRy
) 5.6~560 nm. K1 Jy & LMK R FE R T
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Table 2 Test engine specifications

£ Bl EXS Hifli
Name Value Name Value
ELEAR 36 FRAE D)% 57
Cylinder diameter/mm Rated power/kW '
AT RE P e it
Piston stroke/mm 72 Rated speed/(rrmin™) 3000
R4 101 SN "
Compression ratio ’ Peak torque/(N-m)
o 1 L35
: 0.418 Peak torque 1 800
Displacement/L |
speed/(rmin”)

LA RS 2000l 35801 4R AT SOREAR A AT AX
6.MFEL 7 RASHTL 8IS

1.IC Engine test system 2.Dynamometer 3.Diesel engine 4.Combustion
analyzer 5.Exhaust Emission Particle Sizer 6.Fuel consumption monitor
7.Exhaust analyzer 8.Smokemeter

B1 SRMKA%LEMEE
Fig.1 Structure diagram of bench test system
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T T 5 e KL 1 800 r/min, SRAE A T L R Y
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SCAN S T ErR s RO A R R s g, F
FCEEMALIR F AN TRV A ARE IR IR e s M o R B WL 3 ik
1 800 r/min, ifir K 25%F1 100%, M=K SIHIBRTI 4 Fp
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W o} R S MUARORRL AR 50 AT TR R
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B20M15 4 FAS [F A KRR e s 0y i 28 A g 7 2 il
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J B20MI15 3 R EEBRRI A e s ) th & A% ) Tt i %
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R, SECANBEMEE B20. B20M5 A2 B20M10 435
PR T 20.38%. 15.16%A1 8.31%, i T NEEEBAG, R
BHAOMARER K, i B20M15 1% K. 2) B20.
B20MS5.B20M10 F1 B20M15 [ RS 7143 7]k 7.86.
7.87. 7.79 } 7.65 MPa, H B20M15 %fific/N: B20.
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0.73. 0.79. 0.80 &% 0.70 MPa/(‘CA), B20M5. B20M10
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a. Cylinder pressure comparison
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b. Combustion pressure rise rate comparison c. Heat release rate comparison

e B20 ARSI A S (KR FR S 253 Tk 20%F1 80%; B20MS ' B20
IR EEFT 5 ARFR B0 0k 95%F1 5%: B20M10 1 B20 Fl BT o AR 43
o3 5 90%FT 10%; B20MIS5 H B20 A1 EERT (5 AR5 5053 5 85%An
15%, FIA.

Note: B20 consists of 20% biodiesel and 80% diesel in volume fraction; B20M5
consists of 95% B20 and 5% methanol in volume fraction; B20M10 consists of
90% B20 and 10% methanol in volume fraction; B20M15 consists of 85% B20
and 15% methanol in volume fraction, the same as below.

B2 F) AR B4 H 2T L (n=1 800 rmin™, 100% 5 #7)
Fig.2 Combustion characteristics comparison of different
proportion fuels(z=1 800 r-min™', 100% load)
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Note: n is peak torque speed, the same as below.
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Fig.3 Particle diameter number concentration distribution of
different proportion fuels
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Fig.4 Different diameter size section of particle number
concentration sum
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Abstract: Compared to gasoline engine, the thermal efficiency of diesel engine is higher and the 30% fuel efficiency can be
achieved, but the particle emission is very serious. Particles which contain soluble organic fraction (SOF), soot and inorganic
salt are mainly the result of incomplete combustion or pyrolysis of fossil fuels and other organic materials. According to the
particle size distribution, the exhaust particles include ordinary particles (with size more than 100 nm) and ultrafine particles
(with size less than 100 nm). And ultrafine particles include nuclei mode particles (with size less than 50 nm) and
accumulation mode particles (with size between 50 and 100 nm). Numerous studies have shown that the particles are harmful
to human and environment, and they may cause cancer and other diseases. Formerly, the emission regulations only restricted
the PM (particulate matter) mass concentration, but recently a series of policies have included the limitation of particulate
number concentration. The particle emission of diesel engine has gradually been paid extensive attention by many researchers.
Burning diesel mixed with methanol could improve combustion and reduce the emissions of particles, but the physicochemical
properties of diesel and methanol are greatly different, and they are mutually immiscible. Generally, forming micro-emulsion
fuels by mixing them with cosolvent is the most efficient way. At present, a series of achievements have been gained at home
and abroad, but the researches about using the mixture of methanol and biodiesel are still few, especially about the size
distribution of fine particles. As a kind of green renewable energy, biodiesel can improve the emission characteristics of engine;
also, it could contribute to the formation of methanol-blending biodiesel micro-emulsion fuel. With the use of combustion
analyzer and Engine Exhaust Particle Sizer 3090 spectrometer, the combustion process and the particulate number
concentration distribution characteristics were studied with a diesel engine fuelled with methanol-blending biodiesel
micro-emulsion fuel. Results showed that compared to the engine fuelled with blending biodiesel B20 (20% biodiesel and 80%
diesel in volume fraction), the in-cylinder pressure, pressure rise rate and heat release rate curves for the engine fuelled with
methanol-blending biodiesel micro-emulsion fuel were obviously retarded, and the maximum pressure rise rate and heat
release rate increased; the particle presented nuclei mode and the size was mostly between 6 and 22 nm at low load, and the
total number of nuclei mode particles showed that the B20 fuel was the most, followed by B20M5 (95% B20 and 5% methanol
in volume fraction), B20M10 (90% B20 and 10% methanol in volume fraction) and B20M15 (85% B20 and 15% methanol in
volume fraction) in order; at high load, the particulate number concentration distribution was unimodal with the size between 6
and 275 nm, the particle morphology was accumulation mode, and the peak of particulate size distribution was around 100 nm.
The total particle numbers of nuclei mode particles, accumulation mode particles and all particles for B20 were the most. The
total number of accumulation mode particles for B20 was 2.45 times that of B20MS5, 2.05 times that of B20M10, and 3.47
times that of B20M15. And the total number of all particles was 2.26, 1.98 and 3.77 times that of B20MS5, B20M10 and
B20M15 respectively. With the increase of methanol fraction, the percentage of nuclei mode particles rose and the percentage
of accumulation mode particles decreased, and the sum of exhaust particle declined. Relative to blending biodiesel, the more
oxygen the micro-emulsion fuels contained, the more proportion the ultrafine particles occupied. So, the mixing proportion of
methanol should not be too high. The research provides a reference for the combustion and the particle emission control of
methanol-biodiesel blending fuel.

Keywords: diesel engines; combustion; emission control; methanol; biodiesel; micro-emulsified; particle size distribution
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