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Measuring mixratio of biodiesel/diesel blend based on the
frequency-response properties

XI Xin-ming',ZHANG Nai-qian®
(1 College of Mechanical and Electronics Engineering s Northwest A& F University ,Yangling , Shaanxzi 712100, China;
2 Department of Biological and Agricultural Engineering s Kansas State University , Manhattan, Kansas 66506 ,US)

Abstract: [Objective)] Study was done on the relationship of mixratio and frequency-response charac-
teristics of biodiesel and diesel blends through experiment. According to the frequency-response character-
istics, mixratio of the blend fuel can be measured fast and accurately. [Method) A permittivity sensor de-
veloped in a previous study was used in laboratory to measure the frequency-response data(gain and phase)
of 14 biodiesel/diesel blends (0,5%,10%,15%,20%,25%,30%,40%,50%,60%,70%,80%,90%,
100%). Correlation between mixratio and frequency-response was analyzed. With PLS and Stepwise regres-
sion fitting, the mixratio detecting models were constructed. [Result] Correlation between mixratio and fre-
quency-response is very high. R-square values are greater than 0. 99 while RMSE are less than 0. 009 for
both training and validation of PLS regression models. Stepwise regression significantly reduces the amount
of data, also has a good prediction result. [ Conclusion] Using the permittivity and frequency response
method to measure the mixratio of biodiesel blend can get high precession and meet the requirement of fast
identification.
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Table 1 Fuel property of biodiesel and diesel
JRORL R = 5 A5 BRRHR P 24 Seh A= WS
Fuel property Diesel Biodiesel Fuel property Diesel Biodiesel
W B/ (kg + L) Density 0.85 0.88 i & it/ % Sulfur 0.050 0 0.002 4
ﬁft{é;]v;lﬁ;) 36 548 32 594 Wk 25 /°C Boiling point 188~343 182~338
oK/ % Water 0.016 1 <£0.050 0 1 45 /°C Cloud point —15~5 —3~12
A/ % Carbon 87 77 ] 45 /°C Flash point 60~80 100~170
A&/ % Hydrogen 13 12
K2 UMESGHRT 22 8MEEYERNERE
Table 2 Mass of diesel and biodiesel
RA/ % 24 S8l i /g HE W) S T/ g BA L/ % 2 58/ g Y S iR/ g
Mixratio Mass of diesel Mass of biodiesel Mixratio Mass of diesel Mass of biodiesel

0 583. 257 0 40 354.501 236. 334

5 554. 984 29. 210 50 296. 380 296. 380

10 526. 620 58.513 60 237.879 356. 818

15 498. 164 87.911 70 178. 994 417. 654

20 469.617 117. 404 80 119.722 478. 889

25 440,977 146. 992 90 60. 059 540. 529

30 412. 245 176. 676 100 0 602. 577
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Table 3 Prediction results of biodiesel/diesel blending ratio using PLS models

125 Gain

F{; Phase 1 35 + A1 Gain and phase

A = N N

Model R Yoy iR 2 R Y7 R iR 2% R? Yo7 i iR 2
RMSE RMSE RMSE

YR Training 0.999 0. 000 927 1. 000 0. 000 508 0.999 0. 000 769

IS IEAE R Validation 0.998 0.017 668 0.999 0.008 750 0.997 0.019 287
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Table 4 Prediction results of Stepwise regression

B 1 2% Gain 1 Phase 14 25 -+ {7 Gain and phase
Model R 7 iR 22 R ¥R 2% R 7 i 22
RMSE RMSE RMSE
YR Training 1 0 1 0 1 0
ISFREAY Validation 0.977 570 0.067 185 0.986 750 0.136 600 0. 989 240 0.087 073
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