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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

P " objective of this study was to develop proper linear regression models of some important performance
eywords:

Multiple linear regression pargmeters 'of 1TM285 tract_or 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 fuel consumption mass flow, exhaust temperature, instantaneous engine speed, maximum and mean

Diesel 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.

00,5 i Iy opd g Jpd CEgm ini (SIS ok i (Lend doddo -1

et wlio aed G5k 5l Qe 63l Sl wey0 80 &S gsba tiell  Glacs g Bras Ll 5l loybley cundy Gl sl slaans o

Please cite this article using: s lod ooliw! 113 & be 5l Ao cpl & gloyl ghy
M. Rajabi Vandechali, M. H. Abbaspour-Fard, A. Rohani, Multiple linear regression analysis of some important performance parameters of a conventional diesel’engine'in ‘different
working conditions, Modares Mechanical Engineering, Vol. 17, No. 5, pp. 363-373, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-9556-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:04 IRDT on Sunday May 13th 2018

Obled 9 b 339 ) Saze

—ilizte U Jaalyuds 53 Jglade U32d 1990 S ais (53 )Sha S pielily (3 )2 0 paile din bd Ygaw S Julxs

5951 sles 2 (BGR™) 53551 295 a5 3k 5l [10] (iSan 5 Jgl,ST
23 sFge S 59 55351 093 (6595 Glime 5 (S35 oy S g Srae
5 Slaalesl 3, () ) pediine S g (2Bl b S5 l9a jadlingo
s pll il sla)ly Jles! b 5 (1500 1pm) ool jgise sy
B 5 Symas jgige Cer al ln b sl cess @ @l (alple
» S Jele e Cpliie ol i 500 Glace w4 e
b s L3150 1) 59551 slos 5 amils 3ol sloo |, NO, LSt3
59551 sles (2alS a5 JYastal (pl b sdivged (8 yme 0aVl g9 ol LSS
250 (11 o)Sen 5 su¥on oLl .l 3l i) slos palS e 4
GRS g Olg ogige Sgw Spas slayell p )5loeg pess
ols 13 wyp Sy5e |, ITMBOO 5 ITM485 (TMA57 (sla ST 5
a5 B8 oo ol ) g Bras ez (09 eoliiul 8 50 mwlS g
S dslone S g Bran oy (9 ke S g JB 0 ol 0o b
s ol GpSeslal cds o b cr g SR s s 4 el ol
G ol 5 pSojlal Cogw Brac 0,2 (90 losiiiuws pol> 5abod 10 .0 6]
slayell opdiizne (B 0925 axlge Los b C g JB s SR b
oy g SBpae (il 03il 81 sl plii o ige 59, Shee
3ol Jivse 3 36 (o755 slajls slaoan¥T JLecl 5 5 550
Jpogm dlize slocaS s 5 [12] Jpo cosn 5 oSl ok,
oS |y U 50 95 2 [18] Lalls o e gm 5 Sl
590 (6,85 Glime Lol a6, T ol ol SIS g0 a4 oanyYl
S bl 5l (Sl gl ol €855 )18 oy n 3590 5 w955
Gkl b loges g el o (glo,Lil las Lol 599 NOX ¢ 59551 (sles 1y
(5] holis 5 ooy lie anl 000,85 &)l el 9 ol (o (SigarsS
Gl b Sa3 Ol a5 o 5550 o ) sla gl (S 3B
5 1500 1350 1200) prhawsloz 45 ige olysd by ol s
5 (o)L ao,0 100 4 85 70 55) mhaw Ll ;8 ,5ige ,b «(1650 rpm
alads 3l B ax ;0 42 937 32 27 22) phaw gy j0 S g Sl aygly
b oS ol i @l W8S (o) 5955 09876508 Glie 2 T, Vb S e
59551 990 6395 (55, 2 1y b n 5t WS g BL S5l 5 59590
55 51 508D omb slasl lp @bs Gl e b gsh &z b asndls
gl) g Al ali Gl jshite Grizee Cad pitae (oS L ao)s
Shoyls aubly sanmole; 4y oLl &Sl s Sl pes o Al bog e
D9 qeilis plaiz Jele nl ln SE g 286 @y 5515 6L ¢, 0l
St )3 Edgu bl L8 5 b dae il SIS G (S
oy il gladonsg o SRl Lid 5 e e pe [14] Calises
Lylpt o jie chlise glacie o o S 55 5 bl Las [15] 55
SylS (sles wwhy Cigu Bran) 53Shes slayial b [16] Jals L
el g smsp 050 1y U320 sgse (Sl g (b 5 19lsS (29,5
5l Lol oogy asliee oS Sl 5l Olaass cpl )0 ouds &3l s slesls )13
£5 5 H9ise £ 5o ol o 4 Yl a5 wlansls ol o5 ks
Nigy g simie il b olyen snd &l sla5gas el 039y g
sl 0335,55 1) Loyl 4 gy yo sisms,S s slslan 5 simie £33 Lol o3gy
bolyd o L 1y Gebod sloyalily [16,14] (pdizes ol 5l (S iz o
e Somb ol sl @S Galple Wles S &Ll 5 (6 S ol JalS” L

® Exhaust Gas Recirculation

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

ool 5,50 &5 5 Joor (5 50 (2l 4 )] w00 58 45 058 e (el
gl Jds & o5 Cosl oad gy 95 4 05T (1] 005 e 13
ohzas gloanl jo 85 mlse g d5amte g jg, 40 Ci Al o ygulie
oot hend slaidgw plio plesl (> b GRalS oo b gl 99
o 053lis; 2alS 4 4z b il Jlo o 2] as salys 5, o
OIP i Jarme Sy Blae 559 351 Ol gl 5 (Lo
S slasd 5 (ouds STy ol s o B (SIS slasls
CS g Bran $9) 2 ek S 5a 5 azgi Sl 5Tl S O e oS
Copod] Sl oy hd slacsge il 5l 36 suds slboanY
S g ydg3 )3 00 1S jsb ay S sl jgise (lee (nl 5o uled o0
oot $5yslaS slageile 5 Hfiw lio (sllas Sl daygly) da
Ol & g S bygise (nl S e )8 esliiul 950 b eSS
Tl il g9 sl ygise 4 S 5eS ((ohg g Byan) Sige
- Foml polie slas g5 @l 1) bl ol xS Sblug ¢ [3] Wl
14] S5k

Sleyise $9) 2 oS0yl GRS sl B 5 T
Slodezy LSy s loygise sl Sogll ool onds S 5020 S
(€O () weSlss i Jpwe s JI olaS s ol o ans
03958 sleaSl (802) sy wnSlss (CO) ()5 wSlsise
(SPM) lsa s @las 31, 3 o (UHC) aisgns sloiy,S's0en «(NOY
- G Sl 0393 5 NO (slaoas¥T o Jps sla,gge 5o 5] uisl oo
(P> seygise sla S 5l 6] wyls,55  UHC 5 CO & s 55
ISR e Sl i laygise 4 Cund Glee SIS o YL
e Sopmee | ol Koo (i 5 o) 32y L3 1) Gl S0 goatyY]
05 51,0809 Loy Jpo csw gl olpl ,o 7] wims oo JuSis
g 1) 5,565 aunSlgo 3l as ;5 36.4 4 NOx 5l wsy0 47.2 ( sa)e5 SPM
L )525T5 0358 )l Judo & S0 (sl sise (Fogll eony 6] wylesi o0
slo Gedle 5 (oogee J& g Jox hlug )0 lajed )3 9 (55,9laS i 5o
@ laygige ool 5l eslital 55y Sleitle 5 Sl Gla)5 50 S
@Yl o Sl iy glalad 1o 1531350500 5 Ol qaoy y5is0 Oy50
18] et Jls,95.»

el P393 (5,8 o ol 39551 093 (Sl ol slael, 5 (S
Al ge g0 cdale e goalS ateie &dly j0 050 (5,05 Lasls
5 (55052 ) (ol 099 (0090 D8) ol 355 5| (S 5 990 (508
-0 Ok M e 59551 998 (5,05 [8] aibes (O HBBw) awdus 340
18] sl oo 008 5 FSN® BSU' HSU™ (1 S5 slaasly 5l .0ss

Sl Cope Bpae poyn pshiie & ool Slikes 55
Slidon pl 5o Cosl oad ploxl 9351 393 (6,95 ot S slasgise
Cs o llap] LS 5 g Jiaoger «J320) S sm g5 ol (Al Jslse
9y 2 oopd g oAl gangley WEgw AL LA Ggige b s
-oat ¥ o381 (slod widgus Bpms ol [0 sgige (60,8kes sloyial)ly
Lol 48518 sy 2 990 0l 5 (3l salaione [LiS (30 Ol e

! 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. 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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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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