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A Study on the Characteristics of Combustion in

Diesel Engines Using the Bio Diesel Oil

Suk~Ho Jung

Department of Control Mechanical Engineering
Graduate School

Pukyong National University

Abstract

Recently  many  researchers have been  studving  the
development of alternative energy due to serious pollution and
drving up fossil energy. For instance it is the BDF(Bio Diesel
Fuel} that uses wasted vegetable oil. It may get an effect of
heing two-hird one-stone solution in a side of resource reuse.

The BDF must he csterified because it has higher viscosity
than diesel fucl in using as the fuel of the diesel engines. It
thus increases a price of the BDF due to the complex
manufacturing process. If the manufacturing process of the
blend oil 1s simpler than that of TVO, the blend oil will be
cheaper and used easily.

This rescarch analyzed combustion characteristics of the diesel



engine using the diesel fuel, TVO and Blending Oil. we also
measured quantitatively PM mass with the light absorption
method especially.

And we applied the PXI and LabVIEW for signal acquisition
on the test engine. PXI and LabVIEW are a novel measurement
system which Is possible to acquire and analyze the signal
on-line.

The results were as follows

1) It was possible to measure the cylinder pressure and
calculate the rate of heat release on-line with the PXI and
LabVIEW in diesel engines.

2) Cylinder pressure behavior of the BO blending diesel fuel
made by waste vegetable oil was similar to diesel fuel and
possible to alternative for diesel fuel.

3) A small quantity of PM mass wasn’'t measured by Bosch
smoke-meter, but was measured by the equipment which

applicd the method of light absorption.
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oltf A1} A+te} Ao cdel ek dtrh Es] W Fojuk ol
AR, Arlvle] @742 H7hE a2 9= Hybrid Engine, Fuel Cell
Enginc & 2% @A cjgdapeke] el &A% o 3= CRDICommonrail
Direct Injection) <A@} HCCI{Homogeneous Charge Compression
Ignition) AF %, AX7]& ALo] Hs %lfsgilﬂ Art, 2} ofel
st Argole 93 AR E AbRshes xS ulolyrld= oA
W Aol ¥ digo|r)

Ak el vtk Al A ZE Al Aol o= gk Aol
W2 Fel vz H g8 A7 ol Folx 9= Aol Hiole tjA
rolch wieo] oo ] M F(BDF:Bio Diesel FueDst N&E4 71&, &
oAl A g 5 A e AE e e dvbe]) &4 stol ¢

Fab A A A oad skt AT Ee dhet st AbE

4 A

ruau

she E£3% SO 4Re B4l vizael tavne) drz g
T ool AnE ovan

oju) FEelAl EasdA elo TARE Bulae Qe Yol

pbe ARE o dRE Abgsty 9k #H SEvbdbe A kel A
W f-ob w855 ol 8% vol e ClAGE AlS-shir A E Al TS
3ioglv}

e, @A vle)l HARE ARG 22 A E w5 fa) o
sl ~El2et et ARE ol dAHEfe ATHE st o of
k& a g Agsor 317 Witol v go] Bel B3 AFTHE B
AeA e dHE A ) o AH 28 ¢ BDE= #4851 A &5
G odae At A, AR Airs ZelA @S W 15300
AE e AoR A Q)

wpub Al AaAds w7 918k wete] naAlz|ojof sty AEe] A RlN



Apw B oldw wHES IRy g6 ANEH

S A W
ERE HACRE WEN A A AE, F AR, sH2g, BAE
=

2 Abgate] Amel e slvie] A% B4 - vlRa ok
, 71l A g Ask/] fg A5 48lE PXI® LabVIEW =

ooviEel AN E wAste] iz ol 52 AFEel AREE =

B =
dep, AlFahcd el ARk Aok

7ol H 9] ¢}l (On-line) #4, Ao sl e 24 &



2. MNeEwe E4

2.1 Ho|2 ClHFo| AlEHE

o|7l Dr. Rudolf Diesel& 1900% el shelofj Al AdH whaiulbels]of A
MRe NS Ane Agdte]l e wiE A )He LAY
“rean, CLou ete o wle]lg Adgart AbEE AS vty g
BDF& 19909 d) Z=45E F8 3 v5olAd Hay B9 Fo Agg A}
L3 o uh AR AEAFEN s 100%2] BDFE AbEdhr| = sl o
AL Aot S3ste] AREStaL Atk B A el ATALC
o

Miz At 6 E9 HES A o 2d § dxe BDFE Alxs

Fufets) Alztatd o Ftell iy 48 BDF A ZFAE vhEe] dAufs)
vk 53] wEACAM = 7N el AN EFE FAse] BDFE
A zste] o) F A4zl 220tholl Ab&atar ek

ZES =9 fEvebe i AT A A HAEHE o g4
BDF Alzgd At $tws 9 musl 3 o gate] g7t HAE W

HEgsk A7E stn qla, @l BDFel d@ A% BrlTE He



22 Ho|2 Cj™Fe| §4

spol o Clfis fw Ao Freoh sl wWite] aH=stE A7)

il

ek Zfol sl Bwst e H4ol gtk HEs vk slo] vhol

o Afel wdolwt s Auelnm wisjulEEel T JFE

the #dMe g vlele. vaAfe) 4abg Table 2- 100 vheby
th. Blend 50& #2485 50% A9k AMulE EFF el TVO
= ol 2= Hl 2 ol

Table 2-13 Zro] BDF¥ Afol vl 2314, Uw, A% = 2
Hup abAe] a7 B BES FHstn 9] wE e Aol £8o]
i, G4 2EE BE 7 97 W&o NOxe A4 % 7|dE 5 gl

i

thooleld SAEE nele tAfel Sa® ddeld o FTL T

|

i

ARE & Ag Aoz FEEL

Table 2-1 Properties of fuels

Fuel Diesel Blend

properties T fuel 3 50 o
Flash point T T e T s s
Density (30T ) (kg/m") 336 : 883 885
Viscositv(35T) (mr/s) 3.25 11.49 4.59
Cetanc index o946 : 48.0 53.7
Lower C.V (M]/kg) 43.00 39.83 37.24
Carbon residue (wt%) 0.01 019 0.08
Carbon {(wt9) 26.0 81.3 75.8
Hydrogen  (w(%) 13.8 12.5 12.2
Oxygen (Wt%) <{.1 6.1 ‘ 12.0
Nitrogen (wt%) <{.1 <01 <01
Sulfur (wth) 0.02 0.01 <0.01
Ash (wt%s) <001 <0.01 0.03

Water - (wtoppm)_ 100 [ 200 600
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AEaye] W iel] e ZHiu BDES S A1zF &3 2 Table 20
Ehiglcl o 714 B100e Blo] o ol AS 7 100%9 wo] i, B20L H}o]
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Table 2-2 Pollution depreciation efficiency of BDF by

contrast with diesel [luel

tem | BlO B20
THC - -36.7 .*7“; )
50x w0 | 17
3 \T_OX_ 7 N +8.9 : +1.8
(,_E)__ - —"46.2 | -93
- Pli\’l 7168 1 -1 ‘}76
OFrr -5 ) i;67777
PAH -850 13
nPAH 90 | 50 |
reduce of Life Cycle COn | mas | 1am f
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Table 2-3 Gravity and viscosity of fuels

) Kinematic viscosity
Gravity , _
(cSt, at 40T)
DF 0.81 2.843
T\ 0 0.887 4.115
13O | 0.872 i 9.4725
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3.1 PX| AjAH

3.1.1 PXI M Al(chassis)

FAFEI7E A4S F ARF S flEA A/D HWEE o] &%t o]
A/D #AWE = 71378 9 PCU(Peripheral Component Interconnect) ™ 2x¢l
lde] vk vl PCL W2z SAlel oo sfe] A2 dlojr] & 3
5obs Az vl ofivhs wol sl

auleE oe] Jfe) deolelE FAd HEE] YA PXIUPCI
eXtensions for Instrumentation) & A&t} o el T2 gl 5
olA] B3 AlgR 44 FAASE T 5 de FAdel Uk

PX19] #%2 Fig. 3-191 Wehi2lth. PXIE 73 (Controller) 9} <]
el 7He] DAQ H=s § AjAjd A2 5 UAEF Golfle ot

Ao A%E @ wi AEde] ohdE NEels] wgl ol
=

Monitor
T . DAQ board I/O Connector
PX{ bus 1
Los <i> (NI 6025E) <:_f> Terminal Block
#2 device »2
(‘—’> ¢:j> Terminﬁaal Block
Controller

g7y | () AL ol
#1 device \l—l) \r~

N

Terminal Block

#4

-

p i Terminal Block
{0 (s desen (1T | To™

o | L
/ Mouse -

Fig. 3-1 Schematic structure of PXT system
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o] Window 5 o8] 719 2¢]e #alshs] wito] CPUY Hentt

W o Az Feel 7 oukels 2E 4 §lo Jivter7k B el
glv}y. “redt} Real Time $AA: dalg Aodd ¢47E Fr] wjs-
of vh2 4E stoele e FEE vkE ol Jittere] #A0l
Aok, zeup HEe F2E EdR AT T onsFrLe] AT
R EU
PXI-1000Bo SHAE Al2=gl 71E 0] NI 81742 AF%& Table 3-19]
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Table 3-1 Specifications of NI 8174 controller

CPU Pentium M 566MHz
Memory SDRAM 256MB
HDD 10GB
0s Windows 2000 professional
Sockat 370
cPU
2N SHGA
ﬁ E Cemres tor
Chip Set e
SO-DIMM | A I\ | Graphics P 1020
% . i o PHL025
SDRAK 3 Mamory FTLOD
PC 133 T Controller nte f‘:vl-':"
Hub ntarfaiss
(" ATs 100 EHUL"» Intertace
1DE Interface
e & PXI
21 IGE Thip Set . Connsclor
o
Ordrotiar
PXI1 02071025 Hub A - PX|
infertace o Tnggars
. USH o PS 2 Ll - 1
TP , S ﬁ
VoG ass T Flash |- 4
L Eihemst '}"‘ FK_)L;\.-I . LR Bus
N y
[ LFTt SME iz
A f P | Trigoyes
COR s Super 1O e bus
GOkt 2 e .,

Walchdog

F
1 )

Intamal
Floppsy

Fig. 3-2 Block diagram of NI 8174 controller
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312 DAQ B =

DAQ H%iz AAMEYE o& ofgdi 1 5% AEgrt A +
= FAelsh= dA el th PGIA, A/D Converter, Buffer(ADC FIFO),
RTSI Connector 52 W#Asta gtk A c]™dr|are] A5 A= Al
29 DAQ 6025E°) #4152 Fig. 3-30] “behi ek,

Fig. 3-3¢ %] Huld SdolA Sl 7y Huld B0 1}
E AEEY AdH: Folth AMd o8 AZ® NEES mE o]
A REZH7E ol AlE & s ﬂﬂﬂ‘:’i” Fig. 33 &%
o] PXI bus& F3ato] AEEe R dsjxo

DAQ 6025E°] A} Table 3-20 WEUIATE b= T inpute] 4
F¥ 160}, B siA e 12bite] @ A Z¥ £ %= 200k[Sampling/s],
input 992 FHo £10Velxn HA 20.06Ve FL #Hdm FAHIE 4271

Atk 71 AL BHAlR EE ddd: WS input modedhaL

U} input modei= ME o] FHA] ofFof mel F 7HF] Held B 5
AAdsts W w2 A kA2 ot webA F oA 7R 7 Qv
B o2 oy BEo fd F fE MEY + -2 AHF Ao

differential mode® 4, Y=ol =l 7Z4gF o] Q7] wlFel o5 @o] A}
&-3kv}h Fig. 3-49] differential modeS! 7 5-2] A&Y AAYE S e}
L 21

Table 3-2 Specifications of NI 60Z25E DAQ board

Number of v Resolution Sampling i Input or outputr i
| chammel | (bi0 | rate (S/5) | Range (V) |
Andlog mput 16 12 200 ‘ +0.05 ~ =10 |
Analog output 2 | 12 10 ‘

Digital 170 32 i
| o
Counter/Timer 2 | 24
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1 ' L0
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N\, v T
N -
' l
:_ 1
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Fig. 3-3 Block diagram of NI 6025E DAQ board
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Fig. 3-4 Method of connecting signal source to IDDAQ board by differential mode
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3.2 LabVIEW

LabVIEW3= o}o]2(Icon)2 o] &3t ZRaudls 2Aste doj=A
A 4M o) dejebal g gl o2 | E(Text) 7INbe] dojw o vl
stel 7hA & Aeold §A QAE#H o] A(User interface}® R ofel 4
2~ AT (Source code) T3 1ElEF s dAH o7 o] ito]x] i FHo
Y LabVIEW: M e(Flowchar) 5 “12]50] vhziz Lgigiojms
A~ 7igke] dojErRTr gA A0 o Ak 9B 7|Rke] Ao
£ 3 ol f4A dol® £7F glovt LabVIEWE ety e 2=
e BES W7 AR F Holdvh HA HAE Ao Z20

AE Ae AEg 1/3 ojste] Agbo] £z g

LabVIEW 2ZEE #d(Front panel)¥ &% 4 %(Block diagram):
vtk Fig. 35w ZEE #Hdg veld sog 3Mnige] Fow v
olHH & F 537 Aojsty] f& Hask HAGS Adska, A5 O
olf) & ®uE st Felvh Fig. 3-6% ohd Rl Aes sHde ihd
ooz AEE s stedele] dolg ASE AEE ste &
F Adx= fo]glcl scan rate?t sampling rate 52 f7 vhE 7F 9l
3, dlel8 & ARt wae] Ave AEAl vl ke s slo] o
ol w8 P oelHE zZe] d%How vehlis Ak rhesth

6

H
& 22 rolo] 1¥(Block diagram)eltl. o] Fig.3-59]

Fig. 3
Front panels W3t 7o g 25t7bx] o dxe 7uke) oo g o=
tbz1}. Block diagram #Felirdis 28 T2 el ol o] 7pishy,

zzadoe] AdRHE FMAE Hoz owm vehjolFy] Wi 44
oke} B 4= olcl AAF Fig. 3-63 #o] ololion g 55 FolA
FAE dotw AR dom Adnt spvl ¥z opy Thykgh 2w

ofolt},
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; farvat] r g ~E

’
uffer size (1000 scans} R L1 = | ,
nurnber of scans to read {-1:allj]

i3

scan rate (1000 scans/sec)|

Fig. 3-6 Example of block diagram for front panel of Fig. 3-5
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3.3. PM A= ZEx
3.3.1 PM (Particulate Matter)
naozpa 24 (SPM : Suspended Particulate Matter)< 7| 5ol
DG B2 FolM dAel 10 m ofskel ixts Aefsju 4l
th I SPM2 1 Ashs] whidel t7] Fol g Az Farsks SAel 9l

ol elal Aol fyulol T AR AT A3 ol e, B

SPMe] F 2hAlfle] digia] Mgt SPM2 sige B¢ v A9
AR dEo] 7hE 1A, olF wAgl T A9 EArIdedA
SPMo 2 AH wEHE 13 si&gatet /1AM Edo] tf7]selA
Jxrapete 22 AAdYAE FADeh ohA g 13 wfEs)

A 7] Fo2 YEd o ojr] YAE ol 3 A& %6}51, 224 A8
Adats el b Fe R wiEEe 7] SellM Fstevke
Zghb -2 Ax AR W\ AS woke}

vl A el A wlE7A Fe] 999 9% ol de stageie] o)y, 1

% 100 ppm A7} Fig. 373 o] PMe] #Huth PMe] gst™ AAhe-
]_

s
17le) FHxda A5 A4, daded el =7

o

E z# gty 21 9o P, B, Al, Fe, Mg, Zn, Ca 5 o544 E%E v Fe)A
7 g et i PMe| B4 Ao 2 Fig 3-79% 2
Aol o 002 m AEQ A7k WA sl AR GES o ol
ol Hol Az m Aol ofsiA ¥HEE oL Sl

PMe] el Ae] v X i= odakel u]a] AHHEE vl PM (PM A
o] 10 gm ©|8ksl A) FAEH: PMas (PM2] 4ol 25 mm o5k 7l 2
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wole] P EOR B gle] sbssich MadAE TE7

a%o]
Patol et 71 FHAA Aol FIFE viAE Ao wel
geh

e 7k el drtar "]*}5]5— 9\;\‘4 T, Ohl of] U] Ay dE

A Wollg AgE PR o =AY Fol WA AUt
o Holl 3= PMyell thalAl A8 & 2 AdARE Aol A PMes

7b Q1A WAl dek 58 RANSEA 25 m olEke] mig Aol s
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o

Fig. 3-7 IFormation of PM
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AR FE SAYE A Au A LA E(opacity B )
ol gt} d¥ A& &3] B ¢ 2= BOSCH == wEebr) 9lsr, 99
s frRel A g S /i Sl
PM Z Aol = PMe] 2555 griehs AW PMe] A4A44 22

o2 thFojzlth Table 3-3¢] PM Ao disia] 1}
Ebi ek dAlelsz A e A" dAel vl whE PMe] af Al

7} oeltoluw PMel 97 RES FAs: wol Wel Aum A
!

l‘

A7|A B lfo] A&H PM % FAZA: 3UAES o8¢
o thg Aol 2] Aan vz s}

Table 3-3 Methods of measuring a PM concentration

Method l-’rmaple Lol]ectlon Method
EDM (,onductlwty method Continuos
PAS Photo acoustic detcctlon method Continuos

Dilferential pressure Differential pressure detection ‘
Filter method

| transducer e i_me_t__h__od . e
L()mbmtmn PM
Filter combustion method Filter method
| analyzer :
- Tapered element oscillating
TEOM ; Filter method
) R micro-halance - B
DIPA I 2 wave Eeng,th NDIR methnd : C(mtinuos
el L f o L
FiD PM dnalvzer FID method Lontmuos
Filter oxidization & ‘ Filter oxicization &

Filter method

| deoxidization analyzer deoxidization mcthod

Differential CO.

differential CO» method Continuos

analyzer _ —
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Fig. 3-8 Schematic diagram of PM measuring apparatus
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4 NEEA R Ay

ARGATE Fig 419 bRt A Aol A48 71e 3
B WA 48 A Al o Ao 3 AFS Table 4 10) o
Ebu] 2L Tk,

FHA Sy Ve HAE ’\}%6’}3’151 PM z FHEAT o
Nzkel F7hel] dAsg o AEE PXIE etk diagd AMd= =
e oR  AVLAFY QC32C-E(X)E AHgata, ®BAH A+
Kistler 4067TAZ A}&39ch UEd =& Gap sensor AEC-5502&5 A
gotdet, EREAs FAaol QA=Y Adxn, AR Fdde 47

-

e F45E ”‘:}ﬂolﬂr, H}Z] o7 ?1_”&7]—!’:%?:47]% EurotronAH¢]

Greenline MK2% Ab&8do)

Table 4-1 Specifications of test engine

Engine Model FA55DN- K
Bore XStroke(mm) 100><11O
Wprsplacement(cc) o - 7 2591
Number of the Cylinder 3
' 4 Stroke DI Diesel
Type
- ) ~ Engine cooled water
Injection pressure(MPa) 18.62
Compressin ratio 17.6

Combustion chamber Star shape deep bowl type
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(1) Fuel tank (2) Fuel ow meter

(3) Dynamo—meter controller (4) Dynamo-meter

(5) Test engine (6} Rotary encoder

(7) Cylinder pressure sensor (8) Injection pressure sensor
(9) Needle lifttgab sensor) (10) Amplilier

(11} Exhaust gas analyzer (12) Bosch smoke meter

(13) PM concentration measurement (14) Terminal hlock

(15) PXI (16) Laminar air flow meter

Fig. 4-1 Schematic diagram of experimental apparatus
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Fhid Haoh MAEE BEAS R Fder Agate] delHEs A
A 7L 057 H5stA T
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s AZIAT. ® A AAE PM 5% 2" A0 9 Bosch smoke
meters ©] &34 PM L8 Aoz BA .nwstn, RAS

2 shedrt.
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Fig. 5-3 Analysis data On-line in detail
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Fig. 5-4 Comparison
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Fig. 5-5 Comparison of smoothing curve and non—smoothing curve for

R.OH.R. and CHR.
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Fig. 5-8 Comparison of cylinder pressure and injection period using DF, BO

and TVQO at various engine conditions
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IFig. 5-9 Comparison of ROHR using DF, BO and TVO

at various engine conditions
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Fig. 5-10 Comparison of C.H.R using DF, BO and TVQO

at various engine conditions
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Fig. 5-11 Comparison of fuel consumption using DF, BO and TVO

at various engine conditions
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FFig. 5-12 Comparison of excess air ratio using DF, BO and TVO

at various engine conditions
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Fig. 5-13 Comparison of Velumetric efficiency using DF, BO and TVO

at various engine conditions
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Fig. 5-14 Comparison of maximum cylinder pressure using DF, BO

and TVO at various engine conditions
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Fig. 5-15 Comparison of injection period using DIY, BO and TVO

at various engine conditions
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Fig. 5-16 Comparison of ignition delay using DF, BO and TVO

at various engine conditions
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Ilig. 5-17 Comparison ol combustion period using DF, BO and TVO
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Fig. 5-18 Comparison of exhaust gas temperature using DF, BO and

TVO at various engine conditions
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Fig. 5-19 Comparison of CO concentration using DF, BO and TVO

at various engine conditions
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Fig. 5-20 Comparison of NOx concentration using DI, BO and TVO

at various cngine conditions
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I'ig. 5-21 Relationship of soot concentration and

spectral absorptivity

Table 5-1 Value of PM measured hefore calculated

rpm | Load (Nm) DIF RO ; JRO
o0 | oas2 056 0461
1500 | 40 | 0146 | 0161 | -0.I57
60 "Q.__]_32 -0.127 -0.134
20 0187 0059 | 0154
2000 40 0.132 ~0.142 0145
60 0122 | -0.128 0130
w0 —ou32 | -0a37 ~0.141
2500 40 -0.103 ~0.103 0109
60 ~0.122 0123 | 0124
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Fig. 5-22 Comparison of PM concentration using DF, BO and TVO

at vartous engine conditions
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