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PERFORMANCE AND WEARING OF A DIESEL ENGINE WITH
BLENDS OF BIODIESEL AND HIGH SPEED DIESEL
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Abstract

This research aimed to investigate the effect on wearing of diesel engines using
a variety of fuels, including high speed diesel fuel, B20, B50 and B100. The experiment
was divided into two parts: 1) engine performances test and 2) engine durability test.
The test on engine performance at speeds ranging from 1,500 to 1,800 RPM indicated
that B20 provided 2.72% more powers than high speed diesel fuel. However, the
power obtained from B50 and B100 were less than that from high speed diesel fuel by
4.58% and 7.16%, respectively. Engine torque of B20 showed 3.24% greater than that
of high speed diesel fuel. B50 and B100, on the other hand, showed less engine torque
than that of high speed diesel fuel by 4.41% and 7.94%, respectively. Brake specific
fuel consumption (BSFC) of B20 was found to be 23.15% less than that of high speed
diesel fuel. On the contrary, the BSCFs of B50 and B100 were greater than that of high
speed diesel fuel by 7.68% and 29.79%, respectively. Concerning the durability test at
long-term 200 and 500 hours, the wearing of piston rings increased as the mixture ratio

of biodiesel increased.
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1. 1AS0IUUARLYA
a fal Ay a5 1 P a I3 a v Y] a & a
weweuARwaEedll u HOTC FalweSoseudynseilniensdn wuuleageimnas
lagnsa (Direct injection) YUIA 6,443 AAUIANLTUALLAT ANINLATINBADENUIAINLTBUTEIA
WU 4 wwses gnianlddmiunimeaey dsnnd 1 (Figure 1) Tnefidoyanis

WIATNAYBLATIEUS FaR157971 1 (Table 1)

Figure 1 Hino model HO7C

Table 1 Specifications of the engine

Specifications Hino Model HO7C
Brake Power (bhp) 116 at 2,200 rpm
Engine Torque (N-m) 442 at 2,000 rpm
Displacement (cc) 6,443
Number of Cylinder 6
Firing Order 1-4-2-6-3-5
Compression Ratio 179:1
Fuel Consumption (L/hr) 22.3 at 2,000 rpm

2. dffuwainaa
msvagdeuiltinduend 4 vila Aetnfufwanyinss (High speed diesel: HSD)
B20 B50 waw B100 Ineuiufiwausgvdilunuu ULSD (Ultra low sulfur diesel) musnasgu

nsugsfandsny dndisiululedia (8100) Ussinnwiiaeamesvensabuiu dnderiuuien
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Viﬂwumﬁ%’maqmmgmmﬂﬂiuqiﬁﬂwﬁdqwu (Department of energy business, 2020 a, b)
B20 JuhdudwanyuSwauduihdululefiwaludnsndu 80:20 Ineusuns waz B50 1u

S 2 v 3 o N 1y | = = wa 3 o
‘Lﬂllu@L‘UaWHULiiwﬁNﬂUUWMUIUIQWL?Jﬁi‘u@(ﬂﬁ’]ﬂ’lu 50:50 lagUsnIng VIAUFNUAVDIUINY

Wowndana 4 ¥danleainn1siesierinandlunisned 2 (Table 2)

Table 2 Physical and chemical properties of fuel

Fuel Properties Method HSD B20 B50 B100
Density @ 15 °C (kg/ma) ASTM D 1298-99 0.8681 0.867 0.869 0.873
Density @ 30 °C (kg/mB) ASTM D 1298-99 0.8513 0.856 0.859 0.863
Kinematic Viscosity @ 40 °C ASTM D 445 291 3.60 4.65
Min-Max (cSt) 1.8-4.1
Flash Point (°C) ASTM D 93 61 71 90 120
Cloud Point (°C) ASTM D 97-96a n.a. n.a. n.a. 16
Total Acid Number (mg KOH/g) ASTM D 664-01 n.a. n.a. n.a. 0.358
Heating Value (MJ/kg) ASTM D 240-92 aa4.61 43.79 41.99 39.22
Water Content (% wt) EN 14103 0.049 0.047 0.041 0.035
Sulfur (Diesel) not more than (% wt) ASTM D 4294 0.035 - - -
Sulfur (B100) not more than (% wt) ASTM 2622 - n.a. n.a. 0.0010

Remark n.a. = not analysis

3. sesdlefldlunisnaasy

1389 AW-dynamometer model NEB2-300 gninlddmsuiaussdaiaging
YoaA30IUA TaeilanuaIusasunsidalaae 1,490 9fu-uns uava1unsasuiigeves
W30 uRlaT 74.6, 156.6 way 223.7 Alatnd finusasou 540, 1,000 waz 2,000 s0Use
U MUEIRU

iaesTnsnmsaulaewisudoimnduu Volumetric gravitational flow meter
QﬂWLﬁai’mé’mwmﬂ%’ﬁﬂﬂm%ﬁ)Lwawaqm?awwﬁ

\AResinAIMISI58Y (Tachometen) 8% DIGICON model DT-240P grijsinpmnaisa
seUvBLATRIUA IeliannsaimuaseulniesuATiAI 9 fu IiAsfinnamnsgiunis
a0

A&®3 Nikon 40x model MSZ-U fhdsens 40 wih Tnewdeusafuwpdas Nikon digital
sight DS-11 tfisldignimaetevesiadningu uagdanmldlunanieatu lnsnwidaves

aztluAwamIAl Coking Index (Cl) #935n15311An Cl vinlasnisaneniniidnazoinuagly
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Plane meter yituiivihdn mnduiwihdnlunaseulnelithiufieanuis uasivhdanduin
frenmuasld Plane meter snituiivesiidnsnade sevnduiundnamiuiivhded it
%m‘fluﬁuﬁL°U1J'wé’utﬁmmﬂﬂ’mmvl,uﬁﬁ’lﬂuﬁLﬁvamguﬁa MU IS ULasLTIFEn
Tagld B20, B50 Way B100 Lﬁam?&mLﬁﬁmﬁumimﬂwﬁﬁwﬁwﬂuaLszjamuﬁ:] (Department
of energy, 1982)

4. UINIFIULALITNINAEDY

arsnaaeunUnlu 2 929 Aetreuwsnifunisvadeumaussousveun3aseus
Imﬂiﬁmmgm ISO 15550:2016 Internal combustion engines-determination and method
for the measurement of engine power—general requirements (International organization
for standardization, 2016) tilethanldansdslunismvunniszveanIsseuflunAgaUNS
dnuse Tailaussaurvenaieceus Wun 1) Mduusnrenaieseus (Engine brake power) 2)
usadnveaAIoseus (Engine brake torque) way 3) AnuAudontemnassumziusn (Brake
specific fuel consumption)

%ﬁmimaa‘uL%ﬁJéhaﬂﬁ'q'w,ﬂ%"awuﬁtﬁmmﬁ 1,000 59UADUIT AULAS0IEUAT
puvgdlunmshauasii (70 esriwaidea) uazhsanufiseuisusuronaiossusd 2,200
seusiound antiiunsyldueieeusielaulufmessunnudiseuveunieseudana
waztufinAmn 9 AEIseUTianas 50 seusuT mﬂﬁ?uﬁﬁa;gamﬁmeﬁuaummmﬂugﬂ
Yo WlaNTIOUrYB AT BsEUs (Performance curves) AWNINTFIUEINa ISO  15550:2016
(International organization for standardization, 2016) wazgfigeadunmsveaeuaumumu
WiomsAnwseveA3essus (Durability test) 1A8e19899UNINTFIY 200-hr Screening test for
alternative fuels #39 EMA 200-hr test ?juﬁummimmiwmaaummmumwaam%wwﬁ
Addendamadenviodomamauny (Altemative  fueld  fitvundulneviiesie
The alternative fuels committee of the engine manufacturer’s association VaUILLNA
ansgelisni (Department of energy, 1982) %aﬂWiwﬂaaulé’ﬁwmumgﬁqusuaamimmw%aiwaﬂ

(Load) sJudnuase Duty cycle Tne 1 Cycle 31 4 Step fauanslumsnsdi 3 (Table 3)

Table 3 The cycle of the EMA 200-hours durability test

Cycle step Engine speed (rpm) Torque Power Time (min)
1 Rated - Rated 60
2 85% Maximum 95% 60
3 90% 28% 25% 30
4 Idle 0 0 30
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navnapuaznszshewaiiies 18 4alus vde 6 Cycles wazmgatin 6 alug Wilelv
\A3RsuATTgAMARIYITUTIEINA Lagnageudeldosaunsy 200 H2lug $1u9u 2 59UNNS
naaou Seyhlilddalumnasudu 200 4alus (ava) warlumvagoudazyhmaifiudalus
msvadpUIUATU 500 Falus (avau) edinsAnuseveaadowudazdsaidiunn 1) dindnues
wugnguimeluludalusnismaaeuil 200 wag 500 $lue wag 2) Uszifiunisinuseves
Fudndu 9 veunieseud Tnsvnsanamawuiloudssanlavsuazelanyunswin wu
wan (Fe) aqﬁtﬁau (A) Weauad (Cu) wazlasidiow (Cr) ngldindos XRF (X-ray fluorescence)
wardiameinunmveninduaTamn 4 50 Falue Tun Aranunin waganumuwiu Tagld
ihifuiefeansn 15W-40 Bvaifenfunasnnisndeunagyinninudsudienn 4 200 2la

(Department of energy, 1982) Gsmsdnmsgunsniuaziniesiiotauandilunmil 2 (Figure 2)

Meausuring
Burette

Dynamometer Control Panel

Speed  — |

Power  —
Torque | — |
Temperatures ]
Humidity  —|

Coupling

ENGINE

IHydraulic A
Dynamometdr Cooling
Water
——

Figure 2 Schematic diagram of the experimental installation

HANTAY
1. ausI0ULLATOIEUA

nsnpdeUANTIOUzYRNAIastuElY fu HOTC Iaglddiudomasiianing 4
wanslunmil 3 (Figure 3) wud1 MAaUINgIARTBATEIBUAGINT 3A (Figure 3A) dzag
TugasmnuiEiseu 1,800-2,000 seusiownit Tne B20 Tkfdausnveseioseusigeaian 71.7
Alatmd 509891170 HSD, B50 way B100 flAidausngsgail 69.8, 67.5 uaz 65.6 Alaind
gt Tnganihdausngsgaiifiuualiulluismafetufuiussdavesniassuddnn
38 (Figure 3B) Gsfirusalingsqnil 344, 355, 329 way 313 afu-ws eldthifudeinas
HSD B20 B50 way BL00 mudndiu dmsummauldsndomdsumeiusnianng 3C (Figure

30) wudh dield B20 \uwem@sazlvin BSFC waengai 0.172 Alansusenlaind-dalus Ing
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AnAaaelugasouLAIBeeun B luINas (1,500-1,800 sausaunil) Tuaaie?l B100 B50 way

HSD fifin BSFC wAzgandnfie 0.291, 0.242 uae 0.224 Alan3usioAlaind-Halus mugney
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Figure 3 Engine performance of the test engine fueled by HSD and biodiesel

A) Brake power B) Brake torque C) Brake specific fuel consumption
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2. N1SANNTDVDILATDILUR
2.1 MSANYTBVRIUMIUGNEY
31NN13ATIVIANITANNTOVBIUNIUGNGULI VN TNAGDUTE B2 1Y (Long-
term test) 71 200 waw 500 Falus uansliliiudy dmdnwnugnauiiniswdsunUadludwmised

4 (Table 4)

Table 4 The wearing of piston rings

Weight Loss (%)

Fuel

200 hr 500 hr
HSD 0.12 0.29
B20 0.11 0.31
B50 0.23 0.51
B100 1.37 2.88

22 AuaniFvowsiuados
foyananisiiamgiinsuedosineandonduandlilunisisd 5 (Table 5)
221 AU (ASTM D 1298 - 99)

1) 9nEanTieTEinuILuTiosmveaintuAdofinung

NAABDU M TALUINTIFHN9IUN 50, 100, 150 way 200 T34 AINANU WUTIANUAUILUUVD S

v
o

WngluATouinTY (ANuvIwiYeniuATeNgmll 40 semlwaldya dd1 0.870 Nuse

Taaa995) WWearwUsaunsanusEaL AN lun1SHULAS D8R

Table 5 Chemical and physical properties of engine oil

Engine oil properties HSD B20 B50 B100
Viscosity (cSt) 169.1 178.0 177.0 185.0
Density (kg/ma) 854.0 854.4 856.0 857.2

pH (gKOH/g) 8.5 10.4 9.8 10.3
Fe (ppm) 17.97 17.97 17.12 18.62
Pb (ppm) 0.87 0.78 1.32 1.2
Cr (ppm) 0.69 0.62 0.78 0.65
Cu (ppm) 1.27 1.13 1.4 1.25
Al (ppm) 1.51 1.35 298 2.52
Si (ppm) 591 5.28 5.02 5.12
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2) nHavesnsadeunsidinudemas B20 B50 war BLOO
fuifessudnut dnduvesUimanifululefiwaiinamitufeanusidinadenisifiniy
yesmuLuTeiTueses Tnedledndnwenitululefimannnninfesar 20 Tneusinms
awitlieumuuiuresiuadosdiangeluognesands Faduineddimadonaninves
ihifuiedes feiuiledaogmslénuvensdewuiuasthiuaiemslidndumenisululofise
Heuninfevaz 20 lneUsung

222 aaviavenidueies (ASTM D 445-04)

1) griansidunrumiavesihiiuaies (hfundodu) fuudliu
gudlosseznadumevaaeuiusnniu deilidonnaniusin asuszneveslsinin lalaseniveu
wazmswnlwiveademdumeluiesnlv fsdnvarnsmindivendemdwsazviaiining
WANF9AU %édmmsmt.smﬂizLﬂwa&hﬂiwim&J@ﬁﬂﬂﬁmmma’ﬂw WAUSUIUTDUVLIATU LU
Fomdsnmuamiarliualnduniei Suswaatutos Wudu

2) ﬁnﬂmamfjmiwﬁmwwﬁmﬁuanﬁlﬁum%qﬁqamqﬁ 40 eernwalda
dleld B20 wud1 muwilevesidiuedendinty WessoziarlunsnageuinIessusuiy
911 50, 100, 150 uay 200 Falus muddu lewnanniswilviiiintunasaszevinandivi
msvedauwSesus lianaisussnaveslsundn lalasansueu waziai %qasgﬂmzéﬁdaq
indsthifuados dwmalinrumiafiuiu uandouaninaduiian

3) ennavesnsnadeum sty B20, BSO uay B100 fuiieeus
wuh dadunavesthiululefeafinauiuihiufeanud fnadornuviinvesiiuaos
Fedenpdasiumanumuursnituaies Aaunindesdusudanssansanlunis
wnlnfidemawenaioseud viovlnveutamaiinuvauiunieseuduiaiy o dmsu
wdosensiElugull asulédn B20 fanumanyaudige

223 Usnalanzwazelazdudeu

1) Usinalansvudouluisiuiaies Tagarnnisinszidiunn
Tavzlwhsuedeanus Fe, Pb, Cr way Cu muddu adlefansandwansenuvestinguy
\Fewndsionisnusenudn B100 vliiadesusiinisinusegean sesasuniie B5O HSD uay
B20 muddu Fufushudaimsanusevestudiulansmeluaieeus wu nITUBNgU
wardu o Wudu JsdenadostumAnumuiuiy wazATInTinve TS Nty denavin

Trlseansnmlunisudeduanas
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2) Ysunaelansvudeulutiuaies Tngarnnisiasieiusanm
slangluthsuedemuin elany Al uas Si Suwaltwihldanuniavesiviunieafiutu
Farn AL 1HususdEenisanvsevesuuds (Bearing) dauen Si iwutiy awmmﬂﬂuazamﬁ'
ansarunsesemianluedeseudly vonanduditadedu 4 Afadensdnuseves
\0auddn 1y 1) manuFuiindosglunssuengu FsawrtiliAnnisinnselutasmsanmiv
\3psBus 2) Msnszanefiveniueiedilddne 3) tuluAiesanUsviadonanm 4) vdn

a a

YBLYDINAY WA 5) STUUNTBIDNAN ITUSEENT AN

23 MSHATIZVATIVLNNNTARA

¢ '

mMsATIzRATIULTdaldatiusuanAe Coking Index (Cl) @enunsds

' ' v ¥
SN aAv v o o A a

ANRIENUBNUS ULV NTUNIER TN T UL aLna e LHpsa1nnswn brslugudawmas B20, B50
war B100 Iuduiwndladisutumsenlngdaietingiudwaund Tngramsinsiet O iieesoseus

Fun1sE 80% V04MAtEIEA W38 Rated power Uanslunns199 6 (Table 6)

Table 6 Coking index of rated power at 1,800 rpm

Coking Index
B20 B50 B100
1.16 2.18 2.25

Fawan1shaszvian O uaadliifiuindn a0 Suwnlthududy delditu
lulefwaludrunandigety fililosnnnansgnuresantd wagdnanisldhiudemas
fethifululefiwatidndrunaugs q faramiln wegiidmiinluanadoudiegs Snsdidremnu
foumniniiuiiea ﬁﬂﬁﬁé’m*}mﬂﬁﬁﬂf’lﬁuqnﬂﬂw JunavhldiRaiihiivsaunnninthii
fiwa Feazulén thiululefiwaiinadesidifafuiin dufuasinnsunfmansenuiiar
muNNMsinIiThaausEnouse Wy nansevusetutiaa ddunsnadeu 500 Falus
SelimuruRinunivesluidnluedeseud vonanigmudn O funltuiiutu dewieseus
Sumszanniu Tnednuashisvennisseusdluitwihdudieldthiusiinse 9 7 1,800 seu

soundt uanslunnd 4 (Figure 4)

58



Life Sciences and Environment Journal 2021; 22(1): 48-61

Figure 4 Soot deposits on fuel injector of diesel engine at 1,800 rpm

anUsiena
1. AUTTOULLATDIBUA
= & Ay as 1o Y oZ
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