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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,
Accepted 16 March 2017 agriculture, industry, etc., are the main sources of emissions and fuel consumption. Accurate

Available Online 14 May 2017 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

I,\{,fﬂ'mglrgﬁnear 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
E?:l:f:;;{:f“on fuel consumption mass flow, exhaust temperature, instantaneous engine speed, maximum and mean

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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! Specific Fuel Consumption (S.F.C.)
2 Spark Ignition

3 Unburned hydrocarbons

* Suspended Particulate Matter

® Opacity

® Hartridge Smoke Unit

" Bosch Smoke Unit

® Filter Smoke Number
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Fig. 1 The overall view of the test setup.
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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.

Soslenz sailabs —1 roslil o )50 S5z 5 gasl e solsgsb 3 S
oo 5 aled -5 g sadsl o pild -4 (b5 Lo -3 ¢ egelins -2 daosls
olKiws -10 5o jsue salg) -9 (55551 -8 (g Sy (sdlg) -7 os K> -6

ol 13 g Cigw Byl —12 g (63955 sdlg) ~11 (s goanVT s

LoaS o 1112 jegelind Cacpw 4y jige Sapm fiod S alie

5 oplaids 17 055 1396 3l yo o0 Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.47.5
https://mme.modares.ac.ir/article-15-9556-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.5.47.5]

Obled 9 b 339 ) Saze

ilizte U Jaalyuds 53 Jglade U32d 1990 S aies (53 )Shas S eyl (3 )2 0 puaile din bd Ygaw S ) Julx

3 5 [18] el 5 (Sl el 0001 3 Jsazr 30 sy (Ko
solitl (aghy saialy oo hies ooyn lr 0sesl o2
OF 5 ol o & gy (S p (2505 9 (AR NS
s g (e cedle b 30 ,2) 0.0075 5 0.936 ol i 4 sl
e il layite o5 plod e 45 oy laS S (e
Op it (SN o pS e (Bl 3929 00 )0 Sy mhaw ;5 (6,5 s
S5 Sl g ASM o 1 g 5938 Sled 9 g (0 (29 O
s Ll casls 18 YL mhaw ;5099 50.96 polie b cud 5 a4y 59551 090
G ol iz a5 59 060 3l 505y ol Jlade lagg; Ko
2 35550 g o gian 5 oo 3 [] (ol 5 o0ly ulie (6 Jgoz)
HB ol sl o 55l ol Lol wlosls 513571, 5935 093 (6,08 5o
salaly 59551350 )95 sla el g 590 adg) S pr 3905 Al
@ ST Hlged LBl S92 wo s S Skl w3 61y s
ANl 0 Sl Jloged 5 59351 les plp 3 S g Srae oy
G e 99 G b gkl Lcl sl sols las 4 S jo 090 (5,08
oo ol (4 USE) el oals ooy iuled abgy e el o o ol pen
3 Jouz o oad ool liS (Siwed oy mpe Oloo Bls 0 (s

el

ol (Fgmm 55 Joo oLl -2-3
Luly,y po oud ool (i (ST, Sl e 31 S o o (o) S
Joe el )b soles (gl ol o0l 4 Jgom j0 el o 6l 4 G
mo3ls (gl o8 RMSE (50" 5 033k 02 i (61l 9o 450 (Sgem 5
5 Slugrm Sl (4 J3o2) 05 s sloodls gl o2 5 el sl
moa¥T g (0 CS g o9 Bpas glp |, alin g [25] o) Sen
lin ey S Slosls 55 555 605 57 & o sise oo

D93 2F1 Jow  3udos o] )0 090 (6,05 sl

[ *
1000 027k 1643 L 33
2 R2=0091 4a e
& 12000 | R
:\.}: -

&_ 80.00 |
% (@
E 4000 |
2]
= 0.00 . . : '
0 150 300 450 600
Exhaust temperature (°C)

~ 300

S 250 F  y=091x-001

2 200 f R*=1.00
2
o
g ] "

s 1.50 -

g 100} o, ®)
5 0s0 F
3 0.00
=

0.000.501.001.502.002.50 3.00
Maximum exhaust opacity (m'lj

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 (9 — ) p-1  ygewS,
SSg . L '
MSg = SSg = X (i = 9) n-p Lo

SSr = Xk, (v — )° n-1 5

Joe lawgi ol (Somiion e P el 0,25 e i o el )by slass o ¢S5 slass i

368


https://dorl.net/dor/20.1001.1.10275940.1396.17.5.47.5
https://mme.modares.ac.ir/article-15-9556-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.5.47.5]

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

(O3 (Smipo o p3) it (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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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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