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ARTICLE INFORMATION ABSTRACT
Original Research Paper Nowadays, the world is faced with increasing loss of fossil resources, energy crisis and environmental
Received 18 December 2016 problems. On the other hand, diesel engines due to wide application in various sectors such as transport,
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agriculture, industry, etc., are the main sources of emissions and fuel consumption. Accurate
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measurement of fuel consumption and engine pollution is time-consuming and costly. Hence, the main
objective of this study was to develop proper linear regression models of some important performance

Keywords:

Multiple linear regression parameters of ITM285 tractor engine based on engine torque and engine speed. Experiments were
Exhaust opacity carried out in 11 levels of primary engine speed (1063, 1204, 1346, 1488, 1629, 1771, 1818, 1913 and
Torque 2054 rpm) by 10 Nm steps of torque from zero (no load) to full load. The measured parameters include

Fuel consumption

Dicsol o fuel consumption mass flow, exhaust temperature, instantaneous engine speed, maximum and mean
lesel engine

exhaust opacities. Four different linear regression models were used to estimate the parameters. The
results of regression models performance evaluation showed that quadratic model had the highest
efficiency and the lowest RMSE for all parameters. The maximum and minimum effects of engine
torque were on exhaust temperature and instantaneous engine speed, respectively; while this result was
completely reverse for primary engine speed. The results of regression models evaluation showed a high
adaptation between the output of each model and the desired output. Also, the fuel mass flow and
exhaust temperature were highly correlated to the maximum and mean exhaust opacity with correlation
coefficients of 0.96 and 0.99, respectively.
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2 Spark Ignition

3 Unburned hydrocarbons
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® Hartridge Smoke Unit

" Bosch Smoke Unit

® Filter Smoke Number
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Fig. 1 The overall view of the test setup.
0983 e sles 1 S

Fig. 2 The instrumentations for parameters measurements: 1- Digital
scale to measure fuel consumption, 2- Diesel emission tester, 3-
Temperature monitor and sensor, 4- Emission probe and 5- Load cell.
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Fig. 3 Schematic of the test bed: 1- Data acquisition system, 2-
Dynamometer, 3- Transmission shaft, 4- Primary fuel filters, 5-
Temperature monitor, 6- Temperature sensor, 7- Fuel return pipe, 8-
Tractor exhaust, 9- Emission measurement probe, 10- Diesel emission
tester, 11- Fuel inlet pipe, 12- Fuel container and 13- Digital scale.
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Fig. 4 Plot of a) Fuel mass flow versus exhaust temperature and b)
Mean opacity versus maximum exhaust opacity
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Table 2 Analysis of variance table for the regression model

a0 .
Fa)LJ ul,J)a u’j)LM ul#)n . .)» s
wol! o
MSg SSk — -
F= MSg MSg = p—1 SSg = Xiei (i — ) p-1  ygewS,
SSg . L '
MSg = SSg = X (i = 9) n-p Lo

SSr = Xk, (v — 9)° n-1 5

Joe lawgi ol (Somiion e P el )l 0,55 ke i ela el )by olass o ¢S5 slass i

368



Obled 9 b 339 ) Saze ilizte U Jaalyuds 53 Jglade U32d 1990 S e (53 p5hac 5L iobily (A )2 0 pakie 3 B Ygam ) Jalxs

(O3 (Smipo o p3) B i (o0 (9051 b 3 Jgur
Table 3 Results of linearity test of variables (Pearson correlation coefficient)
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Table 4 The values of performance criteria for each of the regression models
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Table 5 ANOVA of the regression models and their components
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Fig. 5 Plots of a) Fuel mass flow, b) Exhaust temperature, c) Instantaneous engine speed, d) Maximum exhaust opacity and e) Mean exhaust opacity,

versus torque and primary engine speed
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Fig. 6 Plot of actual values versus predicted values of a) Fuel mass flow, b) Exhaust temperature, ) Instantaneous engine speed, d) Maximum exhaust

opacity and €) Mean exhaust opacity
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