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Brake Specific Fuel Consumption Optimization
of Biodiesel-diesel Blends Engine Based on
Hybrid Design of Experiment

LOU Diming, FANG Liang, HU Zhiyuan, TAN Pigiang
(College of Automotive Studies, Tongji University Shanghai 201804,
China)

Abstract: A national V emission high pressure common-rail
diesel engine filled with 20% biodiesel-diesel blends was
optimized by adjusting the 6 injection parameters(Pg,, Tan s
Tuts Ques Tiws Qumer). A multi-factor global optimization
plan was designed by using hybrid Design of Experiment
(DoE). 9 different operating points with different speeds and
torques were tested. Less data of the sample sizes were in
need for a better accuracy to fit a engine Brake Specific Fuel
Consumption (BSFC) model by this method. With the goal of
minimum BSFC, the global best combination of injection

parameters was calculated with the hybrid optimization
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algorithm. After the optimization, the BSFC of the biodiesel
engine was lessened than before by an average of 2. 71%.
The hybrid Design of Experiment(DoE) method could cover
the shortage of the single factor method of calibration which
might cause the local optimum.

Key words: hybrid Design of Experiment (DoE); injection
parameters; multi-factor; global optimization; diesel engine
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Fig.2 The multiple-injection diagram of the high

pressure common rail injection system
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Fig.4 The distribution of 28 V-optimize design points
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Tab.2 The speed, torque and load of the 9 chosen

operating points

THAS P/ (re min!) M /Nm i/ %
1 1337 254 25
2 1337 508 50
3 1337 762 75
4 1657 253 25
5 1657 506 50
6 1657 758 75
7 1976 227 25
8 1976 454 50
9 1976 681 75
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Tab.3 The optimal object and constraint conditions of

the optimization functions

~ BSFC &/
R ASE D NO, HEHCE/
PM HE<{10PMjin =0. 2 g = (kWh) !
SmokeAVG HEFT=_SmokeAVGjn=0.5+ m™!
LA CO HH<COim=1.5 g+ (kWh)~?
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Tab.4 The GA optimal solution of BSFC under 9 different working conditions

Lo Pin/MPa Tin/C Tin/ s mm3Q-prz£t)71 Tl:;/ mmSQ a:fte(rs{c)71 quj(LkB‘;:)(i/l g- (E%‘I;(-:/h)*1
1 128. 48 1. 28 1 028. 45 6. 83 1 243.45 0 242. 63 241.52
2 99, 12 7.12 1 467, 22 0 1 487,09 15. 00 209, 84 210, 82
3 135. 66 5. 69 783. 86 14, 88 1 116. 28 0 202, 06 202, 20
4 122.50 2.75 976. 08 9. 98 851. 67 9. 98 252.29 254. 36
5 117.13 8.25 1170.16 0 978. 58 9. 98 214. 88 214.13
6 125. 42 9. 44 897. 35 0 961. 40 0 206, 27 206, 70
7 100. 00 3. 89 602. 90 9.99 1308, 87 0 285. 30 269. 51
8 144. 87 8. 77 611. 90 0 839.72 9. 98 231. 68 228.53
9 152. 10 9.23 1321, 41 0 889. 51 0 217. 35 216. 89
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Tab.5 The fopton optimal solution of BSFC under 9 different working conditions

, _ e . Qpre/ _ Qurer/ JR#HL BSFC/ BSFC/
R Py /MPa T/ C Tmt/}ls mm?® + (st)~1 Tmta/}l-s mm?® + (st)~! g (kWh)—1 g (kW INE!

1 129. 95 5.22 730. 36 10. 06 1213.52 0. 00 242. 63 236. 84

2 130. 00 8. 56 1 500. 00 0. 00 1 450. 55 15. 00 209, 84 208, 94

3 145, 00 8.70 854, 06 15. 00 1 500. 00 0. 00 202, 06 199,79

4 129. 65 8.93 600. 00 9.99 800. 00 9. 98 252. 29 244, 70

5 105. 00 13.61 1 500. 00 0. 00 800. 00 9. 98 214, 88 208. 40

6 150. 00 12,28 1063, 98 0. 00 1 499, 86 0. 00 206, 27 197, 03

7 100. 00 4,24 600, 00 9.99 1 499, 86 0. 00 285, 30 268, 46

8 147. 62 12. 88 600. 00 0. 00 800. 00 9. 98 231. 68 225, 99

9 148. 50 14,08 1 391, 95 0. 00 1 025.79 0. 00 217. 35 213,94
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Fig.9 The characteristic of BSFC after single
object optimization
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