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Combustion Characteristics of Bio Diesel Fuel Using Waste Food Oil

Myoung Soo Kim

Department of Control and Mechanical Engineering, The Graduate School,

Pukyong National University

Abstract

Recently many researchers havesbeen studying the development
of alternative energy due to serious pollution and drying up of
fossil energy. BDFE (Bio Diesel Fuel) using from wasted vegetable
oil is one of the alternative energy.

BDF must be esterified because of its high viscosity compared
to diesel fuel in using as the fuel of the diesel engines. The price
of the BDF grows higher due to the complex manufacturing
process. If the manufacturing process of the blend oil is simpler
than that of TVO, the blend oil will be cheaper and can be used
easily.

This research analyzed combustion characteristics of the diesel
engine using the diesel fuel, TVO and Blending Oil. Especially PM
mass with the light absorption method was measured
quantitatively. The PXI and LabVIEW was applied 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. - vii -



There were some papers for diesel engine performance tests
using BDF, but the papers for droplet distributions and SMD of
diesel spray and two—color method for BDF were rarely found.
Droplet distributions and SMD of BDF were measured in this
study. Droplet were sampled with a conventional Immersion
sampling method and were taken the image of droplets by optical
microscope with CCD camera. The image of droplets distributions
were measured using lmage processing program such as Sigma
Scan.

The flame temperature of diesel engines is high and subject to
change rapidly and an optical method for measurement is most
effective. The two—color method regarding the visible wavelength
radiation for the soot particles in flame was closely studied in
order to establish the measuring technique of the flame

temperature and the soot concentration in a diesel engine.

The results were as follows:

1) As the ambient pressure on every sample oil increased, the
distribution of important droplets increased. BO and TVO
were similar to light—oil on SMD when the ambient pressure
becomes 1bar, but the ambient pressure increased over a

certain level(3bar), the change of SMD was low relatively.

2) The Two—Color Method using chip photodiode instead of former

method using expensive PMT could also get reliable data.

3) DF, BO, TVO in order showed the peak combustion temperature

- viii -



at 1500rpm and 2000rpm and also KL value showed the same

tendency.

4) The combustion pressure and heat release rate could be

measured by on—line using PXI and LabVIEW.

5) The combustion pressure movements of BO and TVO using
used substitute oil are similar to that of light—oil, and it means
that using of BO and TVO is possible to use as an alternative

fuel.

6) The three kinds of fuel mentioned above was almost same in
NOx emission tendency, but TVO in low speed was in NOx
emission. In case of the emission of CO, DF had the highest
and TVO had the lowest. As far as PM concerns light oil was

a little higher than BO and TVO in same rpm and same load.



C, : Plank 735 3.743 < 10° [ Waum /m?]

Gy PlankA4* 1.4387 < 10* [um-K]

SMD, Sauter ¥4 73 [um]

D, :

J] E-AL3] %= (radiationbrightness)

Z

5
=

E, \T):

g2 o] 4ol [mm]

L:

=

ol
1

s3] 3

T,:

BE &5 [m/s]

-
IoH
4
T
i
o
ﬂo

fap): <
fo(D)):

¢+

4 & = o

Z



v % 5

(1.38)

o
ojm

Py PMe] t’E]L:_[g/cm?’]

w3 v} E

BAbg

e:

of
-

D37 t’a]E[kg/cm?’]

Pa

= Xi



o= el A oA wA

0} = o]

-

1

[¢

A 17 A&
A7 efe] thekol A

oEyd

19981 C. J. Cambell % o]

1.1 45 Hi 7

j
a-

W A o | %] 7] ZH(IAEA)

o

20153 7+ A A}

Al

[e)

SERR)

}

0]
T

. o]

vlo] @ ¢l A5 (BDF : Bio

bolth whah ], ole] el i Ak

Lol B 2] = ¢l 21 (Hybrid Engine), &
, WEre TBA(Tertiary Butyl Alcohol) %5 ¢

©

==
.

o]
PR

7} a1

A %] A7 (Fuel Cell Engine)

o A3t B

|
=

A1 A 5}

=2

-

1

o] o
Diesel Fuel) 5& &&

o

2 e}

o

2} MTBE(Methyl Tertiary Butyl Ether), ETBA(Ethyl Tertiary Butyl
o

A A
Ether)

N
NJo



o] A €]

&

]
H

A

sl

-

Ay A2

s}

o

& &%

A7 gl

}

0]
pul

D AXEFo TAYF - A5 1999 = FAl 9

e gl @ 4

TH P E o Wk LMk
hay - = 0
woE R Ry ° R o N K
OW < i o H_OI E#E i H%v i ll
ajo - LW 5 oW J T [ B
TOW oy P o A i _ L
w5 Bk T e T LZET B
PP il oy = 0 By X ( BoRX
i A TS o = % m W o
M 5 MQF D e Wo moﬂ T o5 W -
N WO Wl _ i) =}
A N T S !
[m Ty g o = a2 o
TR = kT ol e S N
W = R AR . g N oo om X
%%y%%%%ﬁﬁ&awww%
dAgec dEE S Pey C oy 8
— —= = “,HMUH
N e TR A
AT A W Wt X eow g
X = ,_lryu . ﬁo i ﬂ < N .
_ w W 0} < ny i oy ol
SRS N ek Wy N =
Y HH =1 o o 2 = =7 H T %A 1o o
Ty P m e e w A
. | IO A 3 ]__/i
o BB T X BT w oo &
ENial’ 1) — o R
B e K& T LR oy B x g T
= oo 4 T o) m o 2 E ®w LR T
wﬂu TR or M; o X & ¥ om = g Pl Ay
0 )
O R R IO e
= - S S
I B R I S~ | VN i M
ﬂ” - ~~, p 2 N 1 ° o) ,DrL dl
5 ok % Jo 2 = LR
! G N T OH I W oMo R

3le] BDFol

5 ©

dQ

st

o

S

s
=

nrh A A7

}

0]
pul

ol



ul

=
=

=

ol A AgAks]

]

-
R

R

-

o

A, A Y7}

3]

A

. transsesterified vegetable oil)

-

1

of| ~H 23/ (TVO

-

1

5t

°

AA 873

o
Q)

1.2 BDF¢| &%

o

B

5

e

o

1

7t 54 A

=

i vl <

o]
of 9t 3437 whe] 2z 487}

Pt Ahan ¥

Edoly CO, HCE <X o

T, g, Al

/2)1—

atH, oA,

o

A

el
Hlo

w

1)

"o

i)

¥

AO

tH=(B3F ool 90%0°]

ﬁo
B

o
oF

"

]
B

M

R

+

o

oF

el

4
AN

=3

—

il

o
Hin

4
il
o
W
T
~d

—_
fite)

—_—

0

3|
A

I

Gl



1.21 599 A4 % o] dF

BDF2] AAAQ o] &das Avnm 1988 QAEg ol AR F
FG00=E/A)NA AA HEz 48 AE ol F9, Hvl, THEv, ofAl
of, QAlolyo} 5 Z=tol A4 BDF100(s=5 BDF), BDF30, BDF20, BDF5,
BDF2 5 thksh Fej2 AFEE 3 dvh. EUC A= 20039 1026l =94
A EAFA9 EN 59004 Aol BDF 5% oo %3S 583
gl YukAel AL dAzmaEA A FEYXAS oz BDE5S #wsb vf
SakAl Ak =, 2003 5¥€°] EU Directive 2003/30/ECE 43 3lo]
20050 ek 7o) 2%, 201039 5.75%, 202069 20%E BDFE ¥
gk wteleda® gAETIR Fell meh, 5, ojgEel, T oI
L 2Egol AN BES Siste] 2005 69 @A 370vtE/ A A
AEFE FHEL 9l

S99 dgs AduEw 2006 olgdals ol 241vtEelT 2006H =
o= BDF59 Euo] et Fois o] & BDF &1 ] 40%7} BDF5E &
Fe i i, BDF100> $&k FAFHEY, HA 5), 39714AF did
o=z ztzh 10%, 45%, 5% Rl Jdrk =do AL AZxa A7
Mineral Tax$®} Ecological Tax’} §#% 1 BDFE 4 $-ol= ol AlFo]
A AAE L dvh. 2Ey FHZol= BDF1009] thdle] 0.1€/¢, &30
AH&¥ = BDFOl thate] 0.15€/4 5 HAsts A& AEsa gl

ojgbg]ol= WHE Aol BDF 5%, A#8& 7ol 25%7+4 E§sto]
Abg-ata Qleh ol g ool A= 1994 ol BDFel thdle] AEAZ WA
e AEE At Ut

zesol A BDFY B3 5 4947 43499 932 s o)
oz
H

0!

p

)

of 5ol 9lt}. & BDF A2 A= A4kE BDFS A+

_4_



e Agol= BDFY ¢ 90%7F thF#& YE8=E sto Akt gl
ok 2004 10¥ 22¥ 9= F-A]tlE# o] Americal Jobs Creation Act fo
20040 A ete] 20051 1€ 1ol HaEASH, o] HE o]7Aste] o

AEfrol A AtE = wlolt AL Ao HIbREdd wekA 1%T
TAE, Hd 20%7HA Bl #HA o], BDF20> A3 204 E7F v A H ),
ks Aels AR 2444 E7F F-3k5y BDF20S 440 ERE 3hA
ool AEAAY A5H4Q =d Ao wepA BDFO BgF4H A o] 7t

AYUttol A= 199439 A H%E CRFA(Canadian Renewable Fuels
Association) 2 FWF9] HHsle] 20024 3o EZEg EA|oA] nHio]Q

Ag AHEFAQ BIOBUSZRAES AFsts 5 AHAIG S 35

T oA = 2003 9¢ BDEe tla] HlIAlE Fojstal FE 4
& AAste 5 BESs guistal 9o obF2 AREF

Hrl(Bebd, of2/lE Y, SobAor(Ed o] Ao}, B
A= @A BDFE] AR Ha& FXskaL I

Hl
ci\g
1154
I
ofN
Hl
<y



1.22 9 A4 R o] g dF

AL Fel Al A g e wdl BDE A4b7]92 2002 e] BDK(F 21<F
dAnl et Tkl g A (F- Algtel =)o) 2704 Ao, 20061 F Aol =
T AR FThete]l digf 209HEe] AMbEESs Fujska Stk AT A

2 AWRY slefluAel B&D7E %4 F4EL 2Fm 9a, 1 e

AHREEY AAFFALE ddoz BD20o] Hegd Ao Hxelth, 1 ¥

BD20%] A2A1FA =4, Aadzxle] dAgA FEAZFAI BOSCH,

]_
7 AL Yekor 7EHE 2007d "WAA G 9L 2 HE EF5]
2 v AN= 07d 98 79 AAA A do] ‘woleyd T3
EEAYS 449 2 W&es BDSO FFEe voletd dd n

%ol M 9= 20129744 3% obdlth E wholo.r) A ol



74

ul
=

1.3 479 53

"

b,

0]
pul

bz

°

A4 w AT

A

[e)

=

I BO)el Az 54

2 (A 27)
H (Two-Color Method) %

T 474 (SMD) ZA}

2

b

X9}

il
ﬁo

o

nH
il

1A 37)

A

& o]

FA (A 47)

‘(H

Al

=
=

Xg HE

’

™
N

gl

st 7]

of o

3|
Z|

Gl

v} 74 2+ BDF ¢

f_Il

-

'

Al 17l A

A
3
=

}

LI

=

4

shol, ARRES]

S

1 0

Q.

o

=

3} A 2] 7] ¥ (Image processing)

AR )

LN

)=]

_ZTI

M
ol
TR
o

)

19 dad We ZA= 7w o

st =29k KLzl

ot

|3

3R
o

olo

il

o =
S

o] M (Two-Color Method)ell T}o]

A7 b

S|
=

Al

KL¢1#}e} NOx A3 7d ol

-
1

ROKE 2

Xg 3

=
=

o)

LabVIEW® T-Z%3t3, PM

bl ot

°

ok
2

ste] 2

°

= 61:]1—

[}

=
=

Al 2, 3, 47&elM o] A At

-

1

Al 57l A



FAHRE AT

k<
“

A ¢

A2 H

2.1 A

%

el

I

of UAIRE L FTolAM &= W

A5

29 02 By wgse o

Mo

oF
N

N
o
oF

"o

)

SIEVEIEE

ol A
~

=

dZ Fig. 2-1"93} o] 149 @79k AxA

E

)

d 5]

%

}32 6000rpmo.2 &

S

S ada 2wz 105

%

of mwet b A ARk ok 18um~32um

o
K

o 2 90rpm 7]¥o|z}

]

<9

el

140/m~260m ©] t}.

10850pus (@ =2k 10%) = o] el

EAS s

I

_ZTI

B
il

B

)

o

R

a4l

?;51_

R

=
3

%

(Fraunhofer) 3]do]&o] 9]

4 g3l A

KeX
=

o 3}4A 2] 7] (Image processing)

o

Fo AsE

=
=

_ZTI

ol
s
KR
il

Nlo
ool

0
_ZTI
o)
I
il
&
=l

nH
il

o

)

il
I
il

il

ol
Hlo

o]t} PDPA

H

H

p—

0

s

vzl

_ZTI

_foﬁl
o

—
fite)

Ho



e
5
k)
I
ik
=l
o
fru
ofy
lo
o,
4
hinss
o,

g
Mz

1=} = [e)
Ro Q¥ AW FHelE F

dapAw 4@ BF QA 97 23 % SMDS] ZAbE ddwe] o

)
o
d BAMA] 4 e "t 94 (SMD)& £AFSE Zlo] HF ot

100000 44—

kL § re
IS %8 - R 4
g o

L S O P '10emink—ah@@degfeé-?---- |
10000 4/~ /Bl seviodiet U

1000 :Z:!ZZ i -

o
2100 atBUUU

100 :'.i.i i I

combustion lifetime of drops-micro seconds

10 4+ e 1 o —

10 18 32 100 140 | 266 1000
drop size - microns

Fig. 2-1 Combustion lifetime of drop vs. drop size



2.2 &9 A9

Aaeul, AAu], 4 e Aofshd o= 2o

(1) 7/MnleE 974 85 "X 34 (size probability density function,
fdD)el o8 FrrEm the A 2-Dok Zom ol YA wEAA S

ddE M 7 = FE sfFE

<
[\)

(2) AA¥+= A4 g5 == 3¢ (volume probability density
function, fv(d;))ell el&f B7HE ™ oF A (2)3 2o ole #3F g AF
H| &} 2},

= e B AAe 74 ZEol "W v 4 (2-3), 2-49 2o

_10_



1

k

FiI(D,) = defd(Dk) - (2-9)

o

H

ﬁo
il
il

o 7+ A

ﬁo

—

O

Y
o}

—
fite)

|
B
il

il

= 13) o

o

staieh.

o

7} &t} Mugele

Q) P

D fd(D)dD
D fd(D)dD

Dmax P
0

Dmax 4
0

J
J

of v 2 (2-5)9F
Dy =

2(2-6)7 2

o
1=

ol
BR
o
il
Mo

B
il

11



g

-
1

7 (SMD), D

]

[e)

35t

b

Sauter

3|
A

I

Z

-
1

i = A

dehls

to

X7

X

\.—_mﬂo

DlO <‘D32 <‘Dvm

_12_



2.3 BDF9 54 & A&7 A=

2.3.1 BDF¢ &4

of sl HEAh e SAe] gtk Wb BTk Zlo] wlele tAfo
RO A ARelnE W uERe] Fo 9B WAL A=
o1t

be Bale #Ed vele tAfe] A4S Table 210 UEY

Table 2-1 Properties of fuels

Fuel :
. Diesel fuel Blend 50 TVO
Properties

Flash point C 68 30 80
Density(30C) (kg/m’) 836 333 885
Viscosity(35C) (mm/s) 3.25 11.49 4.59
Cetane index 54.6 48.0 53.7
Lower C.V (M]/kg) 43.50 39.83 37.24
Carbon residue (wt%) 0.01 0.19 0.08
Carbon (wt%) 86.0 81.3 75.8
Hydrogen (wt%) 13.8 125 12.2
Oxygen (wt%) <0.1 6.1 12.0
Nitrogen (wt%) <0.1 <0.1 <0.1
Sulfur (wt2%) 0.02 0.01 <0.01
Ash (Wt%) <0.01 <0.01 0.03
Water (wt ppm) 100 200 600
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NREL (National Renewable Energy Laboratory :
AT I wE Afdiv] BDFY 338 A47 &2& Table 2-2¢
Bl ik, o714 BD100> BDEZF 100% % wjo]il, BD20> BDF7} 20%,
A7F 80%= EFH zlolth Table 2-29] Wgol wh2¥ NOxE A 93}
& g Avk wEbA, g Azl &

7} 9l BDFE: A4 Abg el 3748 Zlow Zled.

e Al WRRel Anshs

Table 2-2 Pollution depreciation efficiency of BDF by contrast with

= s g A A el | A

diesel

Item BD100 BD20
THC RO —7.3
SOx —-100 -17.6
NOx o +1.8
CO —46.2 -9.3
PM —-68.1 -13.6
OFP —-50 —-10
PAH —-80 -13
nPAH -90 —50
Reduce of Life Cycle CO, —-78.45 —15.33
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1-4el vreRR 9d
SA}ES Table 12+ =&0]3, & TdHAL =TS AsA

v FAL AAMTAE  ol&dte] ASFscdd. sRHEA=
BROOKFIELD DV-I+ tXd HZAZS AL&3te] =A%t A= A
olu mpge] Fexs AR A 0T fAGEA FHs A

} 2] (Photo 1)& o] &3ttt =4 Y

=]
=}
3
1
o,
A
2
rlo
X,
)
-
X,
rol
ON
O

i B A m), rp: He WAEm) h : dF2] Eol(m),
p =9 W% (kg/m’), W FElol A F3%8 &9 FAN),
g =8 7MEE(m/s2), IN/m=103dyne/cm D XA (N/m)
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Photo - 2-1 Surface tension measurement equipment

2 AAZ Eo xHAYES 125 SASE Aol 48 B9 ZHA
43 2HFe Belsel 4Ae) g RAES Fuaicch Ane BV
S 203 ol =H3 Ht ko 2 Table 2-3 tFeFU SIT).

Table 2-3 Properties of fuels
Fuel
. DF BO TVO

Properties

Surface tension(dyne/cm, at 25C) 32 39 40

Kinematic viscosity(cSt, at 40C) 2.843 9.4725 4.115

Gravity (at 407C) 0.81 0.872 0.887
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Fig. 2-5 Image of TVO on ient pressure 6bar

Table 2-4 Comparison eye mea with image processing

(Unit : m)
Number | I 2 33 e 5 6
Eye measurement 82 145 55 100 73 91
Image processing 73 130 47 90 66 79
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Fig. 2-7 Size probability density function(a), volume probability
density function(b) and cumulative volume fraction(c) of DF under
pressure 1bar
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2.5.4 SMD<} ROSIN-RAMMLER &4

(2-6)20l 98 %9]7] kel w2 A8 SMDE Table 2-50 e}
WAtk £9171 rEel Fkgel wel SMD7F F71EE HeFw sith. ol
Ae B9 4ol FuhgA wet =2 &7 Sz Y b oA
Ao SMD7}F AA vehd Aoz Azt a9 B97] &
g (3bar) oldelAe] SMD ¥Es ww RE AZFor Wairp 2
Uehbs 43wl

Table 2-5 SMD of fuels under ambient pressure

(&9 : m)
P(bar)
1 3
Fuels 6
DF 67 96 117
BO 66 79 80
TVO A 140 142
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_39_



Azt wigtel W2 59 z9 S Table 2-69 YER AL

Table 2-6 Value of § and =

Fuels Pressure(bar) 8 2 (ym)
1 3.719 87
DF 3 2.91 121
6 2:42 161
] 3:13 30
BO 3 2.950 102
6 2.96 104
1 2:58 93
TVO 3 5.80 155
6 4.18 160

BO= #9171 ¢t#el F7ksteli Al miszdt @s deha glon
TVOS Aol & gkl zol7k the Aol wal A veva gl
ol EHEI T2 A 2o HE Zy] wjEo] 297 <tel Wl we

Alge] ezt Ay qior Hojxin
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Fig. 3—-1 Schematic of optical detection system
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Fig. 3-3 Detail drawing of optical probe
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Photo. 3-1 Comparison of optical probe after engine test
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Fig. 3-6 Photodiode spectral Responsivity

Fig. 3-79= o] 4lA]e] wW8-A]7H(Switching Times)S YEMITH

Rise & fall timeo] 250us o= 2 23] A 3tattt,

PARAMETER MEASUREMENT INFORMATION

E;
Pulse ‘ 2 ?
Generator r J |_
¥ Input

LED ¥ | %
{see Note A) = ~a Output —ﬂ‘ I‘— t, —DI ‘k— t
" |56 iRi } S0% }
= l* = Output 10% 10%
B = (see Note B)
TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A. The input irradiance is supplied by a pulsed AllnGaP light-emitting diode with the following characteristics: kp =635 nm,
fr<lps < Tps
B. The output waveform is monitored on an oscilloscope with the following characteristics: t < 100 ns, Z; = 1 MQ, C; < 20 pF

Fig. 3-7 Switching Times

_50_



Fig. 3-8+ XEGo|o =i HAEd F MNEE F%Hs= OP Amps

o] &%t H¥Hd FX I EE UERYATH
AR~ LabVIEWR Y3 eARA~232 Z2adlow Hex
u B wolzo Hu zEo] 2 mVE YEGS

B o] 32 Aol &S gdleih

=
T o

A

WW—— OUT1
L L L
>-
< \ &
D1 =
C G

. |
=

M

1 11 WWA—— 0UT2
Fig. 3-8 Amplifier circuit diagram

_51_



71 A A

W
TH

3.32 %

=

43 (star

gl

)A

il
ol
o

B
W

o)
o

N
<]
=y

o

(off-set) ¥ ]

)

%

H 15°0] 0,

)

2 HE

Alo 2 HE 225mm

Nlo

el

bowl #¢] 3}

o A, 2¢]1 EF FAoFREH 11.2mm "oz 3Lo|t}

_52_



Preasaure sensor holc

{b) Top of the piston and sensor positons
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(1) Fuel tank

(3) Dynamometer controller

(5) Test engine

(7) Cylinder pressure sensor

(9) Needle lift(gab sensor)

(11) Exhaust gas analyzer

(13) PM concentration measurement
(15) pPC

(2) Fuel flow meter

(4) Dynamometer

(6) Rotary encoder

(8) Optical probe

(10) Amplifie

(12) Bosh smoke meter
(14) Terminal block

(16) Laminar air flow meter

Fig. 3-10 Schematic diagram of experimental apparatus
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Table 3—-1 Specifications of test engine

Engine model F455DN-K
Bore xstroke(mm) 100110
Displacement(cn’) 2591
Number of the cylinder 3
Type 4 stroke DI diesel engine
Injection pressure(VPa) 18.62
Compressin ratio 176
Combustion chamber Star shape deep bowl type
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Fig. 3-11 LabVIEW block diagram for smultanecus 8channel data acquisition
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Ao A=A vadk 2ol Fekdth 44 2500V, 300[wW]el wid

e WVIE AdE 2ASe] ¥yl S, FHHES 28 WA,

A4S g Table 3-29 2ol etk o AYEL o

2 adze 9w oE FYstel 2RFdsAon PARAAL Fig.

3-13, 149} o] F-33ith

Table 3-2 Voltage of wavelength by temperature

1/T 735nm(mV) 530nm(mV)
0.47326 2460 432
0.48008 2080 352
0.49188 1780 288
0.50942 1580 256
0.52002 1360 216
0.5339 1120 176
0.54855 980 152
0.56402 860 132
0.58377 696 108
0.60132 523 90
0.61996 418 77.6
0.63573 370 71.6
0.6566 309 64.4
0.67889 176 51.2
0.70274 124 46.8
0.72833 98 45.2
0.78555 88 44 .8
0.89047 73 44
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Fig. 3—-14 Calibration curve of 735nm
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Fig. 3-17 Flame temperature and KL value for torque ONm at 1500 rpm
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Fig. 3-18 Flame temperature and KL value for torque ONm at 2000 rpm
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Fig. 3-19 Flame temperature and KL value for torque ONm at 2500 rpm
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Fig. 3-20 Flame temperature and KL value for torque 60Nm at 1500 rpm
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Fig. 3-22 Flame temperature and KL value for torque 60Nm at 2500 rpm
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Fig. 4-1 Schematic structure of PXI system
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Table 4-1 Specifications of NI 8174 controller

CPU Pentium I 566MHz HDD 10GB
Memory SDRAM 256MB OS Windows 2000 professional
Sochkat 370
CPLU
TN

Connector

Chip Set PXI-1020

e G I W Faom

PC 123 Cnul:labllar e

ATA 100 Hub Interfacs
IDE Interface
P
2 USB Chip Set Connactar
Connactars C;nnlft-c::-ugr PCl Biis

PX1-1020M 025 Hub Pl
Intarfacas Triggers
USE to PS/2
LPC Bus

101 00BaseT Flash
Ethermst RO
PX1Trigger

COM 1 : =
COM 2 Super 110 XBus

Intarmal
Flop py

Watchdog

PSi2

b f!‘
Keyboard!
Mousa SMB

Fig. 4-2 Block diagram of NI 8174 controller



2) DAQ X =

DAQ HE¥ AAMZRE O ofgdi 1 2sE HUEFH/} AT -
AEE AAstE dAelth. PGLA, A/D 7HHE, W3 (Buffer-ADC
FIFO), RTSI A4 ¥ s& st v A4 dAriae] Ae Aol
AF8-3F DAQ 6025E¢] <=4 % (Flowchart)Z Fig. 4-30 e AT
Fig. 4-39] 9%o] Hud EFdA SoleAY Huld E507 yrt
NS EH} AAH= otk A6 o3 ASHE ATES HE oA
AEZ7F dojlla A 5 U=F Ag¥olA Fig. 4-3 L%
PXIH =& &3t ZEEHZ H3zi,

DAQ 6025E2] A4S Table 4-291 YEFNQITH ofd 2 48 Ad
= 1670t} T, i EE 12bite]al MZ 8 £2 = 200k[Sampling/s], ¢!
b At Ho +10Velx HA £005Ve &> AYE AT £ g
o714 2zde Hud E50 Adss BHS 9= %2 (input mode)&
Ao a8 FA 5o we F 74A, Huld &5 dZdste Wyl o
Al AR 2 vl mebx] F oAl 77 dEk dRbA o

=
o Ad F AE Az 4 -2 dd= do] yHZIYE EE

s

o

R

Erd =

Ju

(differential mode) M, o]z ZF3t Axlo] 9l7] wjitel ol& Wol A}
2

23}, Fig. 4-49] X @2 REdl A9 259 o

Table 4-2 Specifications of NI 6025E DAQ board

Number of |Resolution| Sampling | Input or output
channel (bit)  |rate(kS/s)]  Range(V)
Analog input 16 12 200 £0.057+10
Analog output 2 12 10
Digital I/O 32
Counter/ Timer 2 24
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I.
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!|(Notonso2aE) ||
D10 24 " socssa .( DIO Contral |

" {6025E Only) [

PCI Connectar for PCI-602X, PXI Connector for PXI-6025E

Fig. 4-3 Block diagram of NI 6025E

DAQ board
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(DIFF)

ACH(#) \
@1 2 sl

AIGND

i

See text for information on bias resistors.

ACH(+)

ACH ()

T

AIGND

i— Y

Fig. 4-4 Method of connecting signal source to DAQ board by

differential mode
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4.2.2 LabVIEW

[

f

FJEL

LabVIEW+ ofo]&(Icon)S o] &8st Zzade #Asts 9
A A dofeta g 4 Qlth thE " A E(Text) 7]§He] AojE 3 A
ato] 7HE 2 Aold 2 A4 B #o]2(User interface)¥Rt ofye} A2
SE(Source code)EF 153 FPow o] Fo] AU LabVIEWE
olnE ExE suke] ojgnct 4

A JEE 7F Aok B, AA Z2a9S 3wl A dol B S e
O~

Fr
X
kit

i
I
A
i
(2
[r
il
15
fr
I
=

ol 1/3 A= &

LabVIEW= X 2E 3 (Front panel)¥ &% d&== udth Fig. 4-5
© ZEE ds yudl Ao = 3Autg o] Fow HolHE HASAY
Aostr] s degt A4 ge AAsAL, A5 HolHE RUE P =
o]t} Fig. 4-5% oY 21 AT E pkE 2 F w2 Ho] gttt ~4%
(Scan rate)¥} A& & (Sampling rate) &= |A Y& 71 3, HolH
£ AFste HHY 2 E AFFA 8717 4 =5 Ho k. Eg
Ad dHolBE gzl d&2er Yele A% Zlesit. Fig. 4-62

£5 tholojafflo|t}. o] Fig. 459 ZEE #d§ 39d Aoz €~

o du ol Fhsde, Zragel ANE £AE How Ahstd
de A doh Atk AR Fig 463 2] ofelZew 1 @4
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Z2I Adojolr

_79_



Fig._ 4-5 Example of front

panel

[ =na

input lirits {no change)] nurnber of scans o acquire 7-T]]

[Waveform Graph|

Fﬂ[

A Al T Hl
COHFIG STHRT 1 RERD CLEAR
| e e e

i '—
buffer size (1000 scans)|l==
5T nurnber of scans to read (-T:all]
[1z2
scan rate (1000 scans/sec)]

Fig. 4-6 Example of block diagram for front panel of Fig. 4-5
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)

A71M & A7l AEEPM 5%
Z o5 ZolA AAls] A3

Table 4-3 Method of measuring a PM concentration

transducer

Method Principle Collection Method
EDM Conductivity method Continuos
PAS Photo acoustic detection Céntinuos
method
Differential pressure Differential pressure

detection method

Filter method

Combustion PM analyzer

Filter combusion method

Filter method

TEOM Tapereq . clement Filter method
oscillating micro—balance

DIPA 2 wavelength NDIR Contintos
method

FID PM analyzer FID method Continuos

Filter oxidization &
deoxidization analyzer

Filter oxidization &
deoxization method

Filter method

Dofferential CO2 analyzer

Differential CO2 method

Continuos
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Fig. 4-8 Schematic diagram of PM concentration measurement
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Table 4-4 Value of PM measured before calculated

rpm Load (Nm) DF BO TVO
20 -0.162 -0.156 -0.161
1500 40 -0.146 -0.161 -0.157
60 -0.132 -0.127 -0.134
20 -0.137 -0.159 -0.154
2000 40 -0.132 -0.142 -0.145
60 -0.122 -0.128 -0.130
20 -0.132 -0.137 -0.141
29500 40 -0.103 -0.103 -0.109
60 -0.122 -0.123 -0.124
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