B=AET RS SR TR - AR E RN g SR
BUIL RO ER S KO TR £ May 18-19, 2024

B A b AR AN R 2 R S TR B ek . 50
1 R B SRR AN T T 4 PR A BR SR 5 | B o2 M REASUIERIF SE(T)

SRUGIC e

RIS AR TAREE £
BRdte © WS RN T B - HPAZUEIRISHS % « KIVA-3V ~ SOHR SRS - BERETER

B - EZ RS . MOST 111-2221-E-006-087
e

ARG E LA BT AR FE ST E SR, SRS B R, B - B T B DR R PG BR (EGR) SRt 2R PASK
PEERLEIN B2 (CCDE) L, TERRIME 2288 T 6 F S8 IRAB R (A 480, EEEUR TSN T BERIHET TEGRAR R 55 | B 1E i
PERE, HETT U EECCDERIETTRAE, 755 B SRR NN TR RARE G &5, DL IS ek TR Pkl B, TEEE T
FEROME R IERR T, SOB iR SR AR, EH 2, THE 257 B MEGR L EHEITCCDEE B, (ESKIVA-3 VI AL &5
AL EE SR, DS CCDEMERURME T B2, L2l Se RS FROBREEF S Yy, ke T E e BLE B ks S b
B, BBk SRR R0 25 B B B R AT RE S A R R A AR5 Ye)(CO. HC., NOy. Smoke}PM, s), #L8 HiR B2
trERillm, BEARKCO, HC, NOy., Smoke & PM, /B2, $& FifHE G 17 o5 BRLEG I0NE St IR ) 55 HE A5 25 il Bt B sy 5 Ye
W A, B ARG T BB B b S B (R OB SR, BRE(E KK %4.7%, AT BB i et a0 ueme i,

V& EE 47 (author@sample.com.tw)



B=ANE RS R TR - A RN g R SR

Al =

FRA BB AR SR AN, T BRER PR R
R, TR AK iR S5 AR SR TR
FERITE T3 ERT/KTA91.5°C~2°C, BUERTAUHR s~
IR B B2 s DR b S 5 M iR N5, bR
2255 Y AT A R S — i AR, KR
FEEREIR A s, A BCRAE A FTHEA Y RETR
JE R AT O AR AR,

AR Bk EHFERIRETR, FEIZ e HITERE
b Rty BB R T EAC, K @R A RS
TE) TR SCAROPRE R, A EREE A LR
il SR, REERL A EEIHC . CO MNOXSFHENL
it B RO PER 2 SR L KRB B e NS R B
eI AR BLBOR G B BUR A BRAR R B 25T
SEMERIEE[2], 3 H AR R SR RS HE s 2 2 B 4
HYETREREE, (R, BREPEAALARRERE BB PEk
BTG R i AT B 1, TR B AR R i AR DA
BhE w2 2208 TR frfd AR UL, Sonthalia
SE[3 14 AR 1 2 RURH T A AR T (
Hydrotreated Vegetable Oil, HVO) |, XHEfkaLe
], fRESEMAEA SR+ NEHE . 58 AR
BV BRI ; RBE L D R A BLER AR L, AERRY
NOx, PM, HC, COJ ==k, K2kl
DRI BT LU, 7R B NANE R GT
A —FERETR, B KR CLRIIIE T 2 5 1 5 i th AT HH
BRI A

DI ASED

FEE RN BRI 15 2 AR E F bk (2 8 e 5
PERE R V5 Y BRI C S8 AT BT SE I L
R, ZRIHIRBRE A 52 FIEGR Z2 £ FACCDE A&
o, HREER A E AN E 1 T, DAERICCDE R
REC L, e L B 5 | P HE e T b,
FENTCCDER RS ISR, BERFRE Pt S R,
FERC R B £ (LabVIEW) T TEE RS2 B TAE, BHE
SRR B B G E HE, anE2FTR, A A E N AT
ZEs G E N B ERAIER, (R ASHIF ZE 4[] {8 P B i
TERR S 2 5 R NKIVA-3V  [4], B ek
HEATHUEAEE TR, A TER LB EE S0 [5,
6], DMERERERURIN T BELEIH 5 | 52 & CCDEMES T AE
MT, TEIISEIH S RSN 2 B ) | TR . Bk B
RAEA K BB 5 ey, N0 BLE Bk AL S E,

SCRRERRS

BRI ER L[ TR B B 5 X, BER R A LEmERIN
LEAI 25 5% g, RTRAECR IR T BT, USINE 2 5%
HA AR FE R R BGE %, Kroyan %%
[SPEFER LRI, HVO I ZEHRAWIRLEING 5 K
HVO  FnZEHRAW RIS A — Sk,
e 052 e e 1) A TR e S S 5 1 ) — S bR
B A PRRE, 81238 HVO IR SEITA G
T CO, HIHEHEREAK, FHRAMLLIHAICOIHL 10%
VI b, Hunicz % [9]LAER ) TEIRAEERL R T
HiLHE R JEE SR PG BR (EGR) K fE IR EAE A FFSE

B IT E RS AR SN RO E TAE 2 May 18-19, 2024

HVO HIRGE, BLEEia L, 22 B LAY HVO R
FEAFAE R EGR 3 (25 % % 20 %) Fi K918
JREIE 7 (130 kPa % 165 kPa), 7E:E 815N T, HVO 1
FETRERIER (43.5%) thEeimE 1.5 & 5k, RN,
HVO & ABIKHERBERL (0.055 g/kWh), 5| H
1) NOy e LSRRI = T 46%, Bortel %5
[10]# A HELE IR ~ IR SRR AN 30%
HVO F11 70 % A5 HELE LA TR A T ) B W L s
S MUID BRI AE ) 1 B SRR AR e, BRI
PERY CO T HC AEEE T, 79512 61.8% Fn
64.3%; M7 H NOy BERERS TR 4.2%,

P ETEAE 1] FHE100%AEE1H . 80% L iR
Er20% 5 FIM AR B R Fn8 0% i 22 TR A 20% Rk 4,
S HE R S | S B AR U, Skt
S BAT S B skl opacity  (Ye-m3/kWh)HEHE 2
BASE, Millo ZE[12]f# ARSI (ULSD) Fis &4y
FRIRA (B30 - 30% vol.) 9 ULSD FnA=BIAK} i3
FfFEE( RME) FIHVO) 89 Euro 5 1.3L 3285
gEE THVORELSEIIEL, RME  (B30) 1 HVO
(B30) fEH1, mAH MEEERIK T PM RrEdEiE COF
B3R 2y 34% F 14%) . FBSCH, FEAC A T, BLEh
FHLE, RME (B30) FI4EE PM BEIELEMNT 32%, i
HVO (B30) 1/53Xi8/)> 32%, Suarez-Bertoa %[13] Ji&H
FHAEARFPRERR S, FHMERIHVORREFIHVOIR
B AR ERA S F SO O e s s R SRR
RHVO-100 L HABRERRE G (BLFEBTFNSIH) 19—
FACIREREIEAI4 %, Cheng %[ 14] WA FIERBE 2248
1G4 BUHV O FRK AL HELE I B ME TR RFMEET T R,
ME TR RS A B 2 5, BERHVOR- B A Bl
A A I SEImAR LA 28 S B BRI BB L,
Marasri [ 15|7EMESS IR EEE T, IIERHE Y
TH-SETHTR A W RS P A B I B R [RIRO AR
TR EE AT | AN [F I T B9 EGR, FARER LR FrE
BOERKAEE T &, IR BEERE &, HVO W -
FLEE TR AE TOO M, MEET£ ) HVO 7548
RUFLEE AT, Ushakov  [16]1%0 0N &8 TR AOAE Y i L5 11
i F EC T AR BE RN E R PR T b, S B
RAN) (NOy) HERLE T 10-15%, TREARR
FEE LAY (THC) BERLEID 50-55%,

SR TR B R s B3 S 5 B R im
e Ys, FTRR AR —(F B
IRIFE LRI AOME TR, TN S S R e 7%
R AR, FT ARSI S ORI ST R
FEFNHE R S B TR 7S, P SCE 171N
R PEPRCLE 5 RV E i 2 80 A AN [RIHEE R A far
HEITE BN, WS FEMEE S  PREEE ST - 1w
SHRATHREAN AR A G R, KBS R AT B K AR K
EFERCR o WERIERHERTA R - $EmEPE IR iRk
SRS A Smoke, CO & HC JERE, {H
NOy R FEEEHEE, R AOME $ E R A B A =S
THEE R &S NOy . Smoke, CO & HC jJEpEig
N, BRFEIC18) A — kL B1 ABAREEMZ IR AR
LTS R, MFEANENRG LT, SOEES IE
PR BELNEE T 228y, SBHEETIRSME REBLEE SRk s S8,
SRR A PRSI JEURRE % E 5 M E R ELRE 4R



SNAME 2024, May 18-19. 2024. Kaohsiung., Taiwan (R.0.C)

PERCES R S 22, S SUA [ 19 FE 5 e A 2
S5 8., TEANSEE 5 AR RO IR T, dir BERS
YLBURR R ERRTE, L TP U FS1%, Smoke
PO B A e el % o A Ay PR A LG, ELIE 5 P i
FEABIAE NN T AR, 38 i A 1 RMEs T o B A B A [
& Smoke . CO F HC;{EXEEMEETE S T, @O
HERHEATARHEEEL NOx, CO Fi HC ARG
AN, Karikalan “5[20] 8 Bais SREUR L5 | BERoMEREFD
159 T B FE N ORE SR S ~ ME SRR B~ MEH
PRELE ~ MEFTIRTRE, PREE SRR RN e S U (R
F, Xia ZF[211EBESGIE T T 72 EEERZE]
, USSR St 60 MPa 2| 180 MPa N&, il S8
SRR R UG SR S TR O R R R, R
FE PR TR, R E a I . O M 0B, SR T
RS TE, B TR T BRBEME ¥ 180 MPa '
IR T Rl 1% 3% RO R 2EE, NG S R L R Y ) e
MEFHARLE, BER ARSI A FHER A, (RIS T
SR = R B R, Wang Z5[22]7F 1335 r/min 17
TEEHELE T, ZRES SR IE I IE RS RS AR
IRIRIGERE BE I RIUE, i BERER 5 ARSI RN R SRR )
TORJEE I B B S R R PR ] i R e T 28 S 4
S, (HRE S SEIh TENS SHAOBERT, IR ER Y BLR
FERHERFIRI LLAEE NN, S n R RGN AT EHE R
EARAHIED L RE E T EE RIS .

Du Z5[23 | WF4EIE E NS S B, TR i A M Bt R
JIF, FEERNE T K ARG K B R, TR ) e Bt
ST IR LRI 1, 388 R IR BE R RN
M, SRS ERE D HERL, FRILUN[24]  LLASHLEE:
BB BT ST 5 | R, PR B (E I e RE o M M
PRBERFVE S V5 Y HE RS2 2 i R R PRI B IE
FRip BEL R 1 P Y BR & il e RSB 7 ~ e RAAURLIBE 1)
IR REA RN, T—F RS R
Rl RS T, e A R - B J B A At
i, PRICHE[25 325 ST IRE & B IR R ek o2
FHE, [SHERTE R EREA R, VRIS, SRR
FIEAE _ETFH I BT 5 EEVERE, AR RO A TR b
FHEfE NOy HEE e, MZEM EGR SBHmH)
NOy HIZERK, 25872610178 ML R HNE S K
WO AR, HOMa H EL RS 1 BT 52%.
NOx HEHERE FI% 8%. Smoke HEMGERE FI% 35%.
BHEIR[27] A A AL G R R SEIh Ry, H17°F
¥ EFFT17.5%, smokeBIPEf & ERISEY T T
32.8%, NOxHI|*E#) T T70.6% %, ££CO, HCHY
UE S, B TR THIS3.8%  41.5%, JA&E
[281F A FnFLHLE T 5 | HE T HE A 5 B A R, S0 T
PREEBVERHU IR, PRETAS IR i BN I £2 84 2%
i), B S i HH PR K NOy 15 YR 5228,

TS IE TEEMERE, DUT TEESOE T AR
1A FH L SCIRRAOFEIT, Rajesh Kumar2E[29] VL,
B, NEE N T EARLL, TEEAREIBE. Sk
fE. POPRELELERES Feng (30134 1E T B EHEELIN
WE SRRV PRI B O SR B R BRI R, I T
DIAHE IS S 5 i ) e K PRIEIRR ) 5 58 TR IE
TR R B R IR A S, Li%FE
[311AFFE T FE et A BRI B EGR RV ERUSIDI B | BE ) 52

2 T FEEEGRS &R R B HERROTE /), TRIRF
R, BLYAIMARLE, FTAIRA W E AR
VRIS S LR FE M ERAICO ., RBREVIHCFIPM
BEf%, Vojtisek-Lom&[32 1 E HHILE G ) i 16 EE S
5 Eekgbe E T BRI T EHE AR LA i (
HVO) W& B LA ie &N 71, T EHRBANAR
BREr 18 B KRR 2 B3 05 IS EE A, M IE T REsk
FLTHELI30% MO IR A BIHVO H m] RS HA TR B
B USRI L B & ISP, Mohebbi%[33]H
BatfFFE 1 T B VRN A ST ST 5 | R R Fr B
TR, TSNS SEE RN BR AR, (R e AE
SR EL AN Bl 1E R LU 8 BRI FAAT ; T RN
T T COHEN L, Weils[34]48 1 AEMSEIM- ZEEBIEY)
FEI D BRI FINOXPERC, T A2, IAEMSEH- T
FERA I > CORTHCHEL BR8N, YusriZ[35]L4
SEIMESAE T I B IIR AR T /480 & 4y eSS L
SR Z5%, 10%F115% FHETT 1T IIRR, BB R
TERAER SR LN EE 7], THIBEE SR i G SR
1 RIS TG B T R A0S SRR R
BRERA], 15% 1 B4 M R HAT R 5 RS Br 38 L,
SRR A LY, — BRI R E LS
Y, XiaoZE[36]LAIE T REFNAEMLEIN0%, 10
%. 20%8%30%RA kL 7£0.13—1.13 MPaffill@Eh )
HRESIHIEE T, TSR RN B R
L7 e S R | WA @ N = =M A E R 5 Ay G
BEMITE K,

AMIT R B AEAE 73 SE R AR N BREE AR 72
AT SR REZAEER[37, 38], HHBINELA25°BTCIR, A ks
TERMERE IR A 25 BTCHE N T 2 130 2
TS FRARAIRBHE FH A 5 AR S — B N ST
JEGRTIIIE B 2 —, AR SR B R IR 2
BRI B, B BRBER AR ], I
FHEFRA T LB S S0 5 IR BHE B R 50, 1A
HERURME ST T BEEL NG S SR B B R 2 MERE BLER
YRS R S0, AFZEET B A SRR Bk 4R
BBl 5, EHERUR N T I, BRASEI 5 e
— S HIRFSEEE I, AT AT EE A — T e e i
S (HIREANEE 1) SOERRILHME ST R 68, DA TH |8
PEREZAIFZE, T B FR e eI A4, AR R
FIT e SRR S A S0 5 | B BRI R B B TRV,
S U SR A I 2R B, RS 5 L
INBREEIERE R PERIT S, ek, IR R E TEE R
s A CCDERIAI TR E, U CCDE ZEEHERE
SRCHE A B, % KCCDEAMRRIMIZEZ Al F, BAMEN
SRS B B BRI, R AR 24 ] e fef ) B
TR AERE S 2 5 | SRR 2UKTVA -3V T BT B e (38
ITEMEREG R, DU ZE R R,

wWHge 51k

ABFE T B IR E R R AR ST R R, 4K
THICHE S R, SRIMTRAB R B 4RI R EGR A ML
A AZIEER, WAEA R M 28T SR B ik faLe
T, HEESRTRIN T FE JLEGR, 117 B B BB A M
PEREIIEREL S, AR T CCDENREE R ISR,
RERERH L A AR BN, Bl SRR (LabVIEW)



HORFEACERS 2 IR TAE, RIS R B 2
FEBIGHE HER DhRE, R A #E 8BRS BT
S AR 5 [ 2 5 | R b 2 M R R
e, il N B RE B HAE O VK A0 Bl e H R AR 4 n
PR, A 2 B ol SR G e, i)
CCDEHME D AHERREE o 2 P A5BR ILdngeim 5 R
TR R TR BT (ECU), T S K
HBE AR IR ER RS, i R RES R (BT RE A P
I, SRR T S\ R N8N Bl T M e
i, AR[E S R B T, SOk SR AR ~ il
S TGRSR N EGR HSREGIE T EE,
TR S ~ HERURE ~ 250G E - FEIERE
BEE 5 B e, PR PR BR e 5 |3 R
HEHIPEREROSE T Ll SR 5 M ERE, S5 [Pk
R T5YE (CO/HC/CO,. NOy. SmokeZPM,, %),
PRAS R ROFE RE RN BT B F I RE B YRS 5 Y i
1%, REHEL KIVA-3V #iE 2 28K FIRE, fEEaE
A b B2 S R s XA SRR T SR 5 |2
HEFE CCDE R N2t (i S B e & A Ak
Z2%. THEM EGR FHSERMR 2 ERE), 515
BB ~ TERIRELEE ] © Smoke Bl NOy R -
B B R D i B 2 BN DA BAR IR, ffefk
CCDE = HEETREM M) VEREME, TR TERIRIB R (0 5E
TR SRR e N T T 5 PR 08 BR LB B 48 5 |
RIZETF S BREHE B MBS SRR 28, T s fate
SRR B AL R ) ~ BV HeE ) Smoke
Bl NOy IR FEHIBUE,

it AR LG

1. kLR SR S 550 5 | #E BLCCDE SR e
ITHRER (RRAMECE an[E 1),

2. FTCCDERJIREEHAIBRAES, REFIFERERE eS|
HESRAOFHERREE, AREETT S R EE M BE,

3. AREEARFZEERAOFZE AR, B3 E 124 7%
AIGERERF30% KOH, 7l 38 £ 2 FE F s i 1IE
HEAOTERT, NOxAOBE & ET-Hsh, S g+
T A ME S IE R OB AT E BB KA g
, EETMEEAREL IR 7, SEEINO A R g
N, 55— A e BE 5 fk o SRR B LA 8 N,
NOLIEE 5 FRRAOHIES, BN LEh AR
TINBRAR T BRI R P WO RIEETRLRE , #Ehimifl 1
NOIA AR, % PAZEER R H e 7% LKOH
IRIBHEAIBINOL TR, A1 2 PAIE B R
B0 6.94%FINO—~X L EE . [B4- B 7507
PE T IEREES °BTCHERTZE10 °BTC, REHIA 4K
HipE{ESmoke. PM, 5. COLL K HCHIPERY, #E
LEIRIB LB B T T, RESBIERE
BT SRS Y s B N, sl £
T R A S 1 IR BT PIT 1 B S K A2 1
, (AR ERE R A R B R, e asRet
FNNFE Sk, I B ik sengiRsdt— 5 1g
e —SUE, K ARk Le PR & g b
BB, RIS Y A, HeAh, 18 T
AIGERBAAE T PGS Y A T Rt s
, R PAEER RS INER, TRtk s Ak

BREE, P COEA: ; Smoke FIPM, 5375 168 A {43 h
B LKOH /KR RES A R BEM I KOHZK
VAR REELCO, Z8 A4 I I, FEPABR 1 CO, I 15
SURLH A TR A RIEE, T R AR B R SE P A
AEHIHC, Smoke F4)18427.36% ., PM, s A
143 .44%,, CON-HJ8i/032.61 % FIHC -0
30.75%, & LohE HAmRAH 1SS ERER R ko se
TR R PG BR R PR ALt 5 | B e
o5 G EEEE,

[ S BF /I~ HH R & M IR A7 938 N, NOSHE i 281
ETHEEE, 3B — B R AR ) A R BE
BRI R M RN S RS AR AL, TS
FEIRBEE AN LR BRIGER S 4T, 8
NOHIZEHE NN, FEZE ko SR L8 N
, NOLHER S5 T B2, S5 s IR IR 2
Tkt SRR A N R D R R AR 7 i IR
[, FRAENOLIAERR, 5Lt S22 RAM R /)
RO 0 SE TR A SR B S8 5 | BEN O HE Y
WAL ARG ERBE S R MBS R R B
FEAENO BIZSUR,, MEBE R LK OH/KIAIR A
NOHIFLRE, 515 F 25 PG BR SR -3
16.88%HINO—XIE L, [B]9- 8] 125 ~ME &K 77114
400 bartEF+%800 bar, Smoke, PM, s, COMHC
 REAREEES, FLHME SR A RE A e
JRE TR, HE— DU Z L FFIME, SE R
SRR G B SR B SR PR Ve T e A
SURLIRE, PRBHIIR RES B i/ Nt A b, 2K
ARG GR T REH 73S EE, R EdEZE
TRREL A R A, [RIBEHE, A RN IR )
T, BPARIGER B B T A PR s e A T
FEROEE%S, Smoke EH4)I8/126.72%. PM, s 20,
/143 .34%., CONI31.82% FiHC 30800
30.88%.

[ 1 35 5 | B SRR 28 N AT R SS,
HARIR R TR PG /0 ZRAE, T BRI R
B, PR CRRN R ELIE /), SN T B
TR IR B K BRI R R, (K2 T RO 2%
FETEENG B A OSBRI (AnER2), AR ZE
FURBHERRLNZRZS BLRE S, BN E T ER S
B, QN TR, J o BREERE R, &
MHEE T e RSB ) Fn BV AR, el 14 7]
BIERBINEE T BER ISR, HIEhER 2
Bl LTS, SRR T B R A s E T
P, A B REER TR, [FIRR 7 T BB K
, HUEE T AR A RE &, & — 4 g
IRy L RIRE A RN, NOS e &S
Bl EFHAoEE, F BRI RFE RS 5 A e,
FHEPABEAE B P UM T B N, SR, & TS
RSy SRS, EHANOHEB IR AR AR%
R, B TR RSPV LB BRI A
ROEME, A Bh AN BB YA ke, S A
PRIGEIRLIEE , FELBRERS O BL B e S AR (R A0 8
B SRFEE KK 44.85%, HE—EBE TR
SRAOUERENE, AREEI26EI £ Smoke i FEE 5 |



SNAME 2024, May 18-19. 2024. Kaohsiung., Taiwan (R.0.C)

A R RN 3 ETAOREES, A AR
JEEAG BR P A0S T A8 INATREERY, SmokedEHL
REE T B By ROt m i S5 TR E,
BEZE T EERITRIN, RBEI AR & EURIEEROG 1, E
— A 1@ )ISmokeFE AL, 1M H/) Smoket &
B AR AL L B E e S U RO RS, RRZE
{E KA 254.7%, Sris et Sno vERk M,

W13

ARFF AT B B (s BB AR, P EERTEE T
Ve L B A SRRk e Se i e i 5 | s & P
RIGER DA HERR TSI T B 2 3% fi BB A, I
HAED B R I 2 TR B T TR TR B A A8 e
SRR AR D ST LS i 5 | A 8 PR A
BSRHE, IMAEGRBH AN RERE HECUNS T BB
PRBFCIREERE A, 7E 5 8 %5 PG BR K OH /K VAR
FEFN G| B AR[AE L AR T R =R,
T RRIVE SRR ) | VLG 1 PP BN [R] Rk (S8 IR B 2
PRI R BRI B R, B A
PRELER R A S ELERES, FEEKIVA-3 VAR EIIFE
FIRYERES, nedYEme FEIIN R AR T OB HcR S
YRR, EEHE R ARG TRE ORI, AR
PEIFIeRE 5L, BRI S E R AT & Ak s R
BRI R MR R T IR A, T EETAR AR
BHABREEIZ Ak & RIS ROG A, 1T BRI T CO, HC,
SmokeFIIPM, %575 Y BEh%, M5B ) W Hg NI
HEINOBERT LT, (H5iE4E S EGR A FIRE L2
1BBLL, BESA RIS CO, HC, NOy. Smokefnl
PM, 575 Yt BERL, AR B B e inny s BA=
PEERSAHE, KM S PR B Btk nlBl AR R g P A5 R
AT AR R | RS RN EKOHKIR
TRBES 22 5L TP AR B A ORI BR 57 LU R P e Wb
5%,

AW G S TEI AR MOST
111-2221-E-006-087- 3 B S & 45 LASE AR, tEGHTE
REUAMFERE 2N B, (B2 IR B0 G B F
ETEH . BAE, W B RGN R R R, R
g N B R B B, e,

BiF
#1 . Kubota RK125 5272 | #e81 %
HH ==Xl RS
A Kz

712 4
RELERXTT mm 94 % ¥ 90
2
BERE cc 624
A KW/rpm 9.2/2400
i)
A HH FE kW/rpm 7.7/2200
i)
AR N-m/rpm 39.6/1800
kgf/rpm 4.038/1800
PRI, HE
JER4ELL 18
MPa 21.57-22.56
I B R
kgf/em? 220-230
LE I A 21.5°~23.5° Before
HA TDC
R TER/ Before TDC
e NRiE; 20°/after BDC 45°
RBHEE Diesel Butanol HVO
1L 2R Ak C12H26 | C4H100 | C17.49H36.99
VBl I 150-360 117.7 65
BT (kg/m3) 835 810 779
FREETEEL 214
(ko) 250 593
+SEiE 40-55 16 76.2
KBEVE 441
(MI/ke) 425 35.1
TE40°C IR
REFLE 3.02 1.004 2.95
(mm?2/sec)
—_ i




1, Bk lmhlE

1260 B R 5| HE

2.8 7751 W-70 !

3% 1k

4.EGR YlirIM

6.0 B A

7.5

8. E RN

9. FLHNE AL

10. R I g

11 BRI E

12. 807 AF L FA R FE A
13. 15 R R B P BB S P2l o
147 10 W 2

15. BERA AN SR

16. B0 XA K Sy Bl 25
17. 9 2SR

18.EGR jii & &t
19. T EEfl
395U IE 7 I 45

40 FRFRHCR

41, dh A R R g

42 BT A AR R
43 5 FAVENS

44, TP o

45 BRI R PR
46,18 FERGHIZR

47 1B FEFR SRR

12, JHLE M I8 B R

20. T FE4E

21. TR EIRY

22. T EEME S

23 HESE T

24 8 F $R°E iy A g
25 FEREIR
26.% B Bl A%

27 B D EVRK Sy Bk s
28 AV BEFEIR O
29 MR AT
30.2 /72 UKHE
31.EEREREBE

2 IEERE

33.KOH H AR 2 s
34 KOH 7K &M
35 W HE SRR
36K AEE AR ISR

37 BT HAER

38 E A H A
48.CO/HC/CO, 53 Hri
49 NOy i
50.Smoke 2> BT
51.PM, 5 Bk ke

52 5SS eI R
53.PID SR 2| B ot
54 TR R RNIZ

55 R R 2R

56 L FAHRHIR

I™NO - (pPrprr)

101 10310
1110 13BIC i CCDE)
8 10°BIC i CCDE) m153IC vib CCDE)

SUHVO Mivture Rate - 0% BVO Mrxtue Rate 150 HVO Mivtwre Rate 20% HVO Miture Rate

[i13 | A e B A BR e S G 5 R 72 1500
rpm. 60% A fir, 30%EGR. 35% | B#'E &5y R EE 5]
JBE 71600 bar I, A~[FIME I IE I K A% SeTIRIB L) 2.

NO## L

Smoke (246
.

M6 HVO Mistue e 10% HVO Vst Rate 1% VO Mixtue Rate 20% HVO Mivtre Rate

S0 e
O OG0
8I0BTC b CCDE) alSBIC kDG

(14, A 255 PA 08 R e S =08 5 |34 52 1500
rpm., 60% 1T, 30%EGR. 35% | F'E G5y FRELNE S
JiE 77600 bar T, [N I 1E I & ik 40 MIRIB LI 2.

Smoke## L.



SNAME 2024, May 18-19, 2024, Kaohsiung, Taiwan (R.0.C)

I LR 10°p1c
05+ 11510 3 BIC (i CCDE)
n ' R10°BTC (v CCDE) #15BIC (vt CCDE)
I

| 4

u

A

03

"

N02

E

01 J ‘ H i
e

)0 HVO Mxture Rate 10% HVO Miture e 15% HVO Miture Rae - 20% HVO Mixtur Rate

(@15 | A7 27 PA 0 SR AL R A USRI 5 1 822 1500
rpm, 60% &7, 30%EGR, 35% T BEE &)y 3R Bl i
JiE77600 bar I, /N [FIMEGIMERE Kokt SRR L) 2
PM, 8t

e S0
O 0
I RIVTC RO BT DS
R
o
o
o
0l
0 ““““““““

ST HVO Mature Rate - 107% HVO Mixture R 15% HVO MixtureRate - 20% HVO Mistue Rate

[i16., A7 5% PG BR AL RS AR 51 82 2 1500
rpm., 60% 1T, 30%EGR., 35% | FFE )y SR ELE
JBE 77600 bar I, AS[FIME I (ERE R fk o SEmIRB L 2
CO%t,

15°BIC 10BIC

N
9 1591 5310 )
104 8 0°BTC (i CCDE) 15°BIC (v CCDE)
)
200
&80
v 4]
; |
iR

[i]7 . A7 5% PR BR AL e S AR 5 1 5472 1500
rpm., 60% 17, 30%EGR ., 35% | FFE /)y R L i}
JBE 77600 bar I, AS[FIMEH EIF R ik o SEIhiRB LRy 2
HC#Ht,

o Wi i
W bGibOag

0 afbe ) 16 C0E)
8 04
Q “““
~ A
441
7| ROEEE B e

NAraRe o

.

S0 HVO Mixure e 10% HVO Mivrue Rate 15% HVO Miture Rae 20% HVO Movore R

8, A Mz P B a5 LR 5 3 574 1500
rpm, 60%EfiT, 30%EGR, 35% | BEEL 5y S Bl i
IERFL0 °BTC T, RNIEIFETHEE ) M ik SRR B L)
ZNOy b

10 40 b (b CCDE)
w60 i CCDE] 680 b (vt CCDE)

Smoke (2o)
=

9% HVO Miure Ratg - 10% HVO Mistre Rate 15% HVO ivture Rate 20% HVO ivture Rate

[i19., A 42 PSS Br e =08 5 |44 52 1500
rpm, 60%E 1A, 30%EGR, 35% ] FEE 5y 5 BLn i



IEWRF10 °BTC T, AS[RIVEIIE 77 K okt SEIIR B LE 1Y)
Z Smoke# L,

. il 160
10 140 b (i OCDE)

»:0.4' 000 e (it CCDE) w80 e i CCDE)

g

Fii1

i

~

o1

2” I

s BNCREE N0 EAd ACEL B

e

S99 HVO Mixture Rate 0% HVO Miure Rate 155 HVO Miture Rate 209 HVO Mixtue Rate

[@110, A 0 P B LR S SR 5 R 72 1500
rpm., 60%E 1T, 30%EGR. 35% | FFE &5y R ELE 4
IERF10 °BTCF, ANRMEIHIE ) Rtk SR L
ZPM, 58k,

I ke 10l
Wl 800 ik OCDF)
041 0 CCOE) - w00 (it CCDE)
gos |
]
00 BECRER N CEEE B REE REDER
0 p

% HVO Maxture Rate - 10% HVO Mixture Rate 157 HVO Miture Rate- 0% HVO Mixture Rate

[ 11, A e P B AL e =089 5 2 2 1500
rpm., 60%E 1T, 30%EGR. 35% T FFE 5y R ELE
IERFI0 °BTCF, AN[FIMEHEE /) K Ak o S2itiR B ey
Z CO%Hb,

0 10k 6
130t W00 it CCDE)
0 600 o v CCDE) 800 b (it CCDE)
:
&80-
{01
v
T BOCEEE RECRAE BN EE
07
" 60
¥
% 50 r
]
b ot — .. 35%BA
% 30 b _ lsji::.\ with 30%EGR
E (T S /- | N — Diesel with 30%EGR
g
0t
0 il . P ,
340 360 380 400 420
Crank angle (degree)
; ‘\:" ——25%BA
28+
26 .
10 20 30
EGR(%)

[ 14, 2 B AEER30%KOH , e i gk 5 | 4%
1500 rpm, R[RIEGRIEMESTEE 1600 bar BLHE ST IERE10
°BTC T, M4 K& ARV &y 38 T B Eh B
(BTE)RY%K e



SNAME 2024, May 18-19. 2024. Kaohsiung., Taiwan (R.0.C)

90
’E Tl —8—cxp. 15%BA
= - & =sim. 15%BA
)
¥ —&—exp. 25%BA
O - @ - sim. 25%BA
7. 50 | o
—— exp. 35%BA
= & =sim. 35%BA
30
80
5 6l - & - s, 25%BA
—d—exp. 35%BA
- & = sim. 35%BA
3 i i A
40 60 80
Load(%)
[&16, CCDEME AR T B f oy =8, Fdsens R Bl

B Bl B SmokeHEA

R 3Rk
E B e

https://unfccc.int/process-and-meetings/the-paris-agreem
ent/the-paris-agreement

EER
https://law.moj.gov.tw/LawClass/LawAll.aspx?pcode=0
0020015

A. Sonthalia, N. Kumar, “Hydroprocessed vegetable oil
as a fuel for transportation sector: A review”,

Journal of the Energy Institute, Vol 92, pp.1-17, 2019.
A.A. Amsden, “KIVA-3V: A Block-Structured KIVA
Program for Engines with Vertical or Canted Valves,”
Los Alamos National Laboratory report LA-13313-MS,
July, 1997.

Liu, C., An Experimental and Analytical Investigation
into the Combustion Characteristics of HCCI and Dual
Fuel Engines with Pilot Injection. Ph.D. diss., Dept. of
Mechanical and Manufacturing Engineering, Calgary
Univ., 2006.

Krishnan  Radhakrishnan, Alan C. Hindmarsh,
Description and Use of LSODE, the Livermore Solver
for Ordinary Differential Equations, Lawrence
Livermore National Laboratory Report,
UCRL-ID-113855, 1993.

RIS, REBEM . MROwR, BRI, BRESRIME ST
EPERE B S ST IR, BREEZRTI, 97 M, pp.59
-71, K 106 4 -

9.

10.

I1.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

Y. Kroyan, M. Wojcieszyka, O. Kaarioa, M. Larmi, K.
Zengerb, “Modeling the end-use performance of
alternative fuels in light-duty vehicles”, Energy, Vol 205,
Article Number: 117854, 2020.

J. Hunicz, M. Mikulski, P. C., Shukla, M. Ggca,
“Partially premixed combustion of hydrotreated
vegetable oil in a diesel engine: Sensitivity to boost and
exhaust gas recirculation”, Fuel, Vol 307,121910, 2021.
1. Bortel, J. Vavra, M. Takats, “Effect of HVO fuel
mixtures on emissions and performance of a passenger
car size diesel engine”, Renewable Energy, Vol 140,
pp.680-691, 2018.

BRESHE, Tk, BB HE, 2N, B Samaihin
SRR | N BT B R o BRI BLRE SRR AT,
FPEE R B L B A BRI B AR A A, I
108 £ -

F. Millo,T. Vlachos, A. Piano, “ Physicochemical and
mutagenic analysis of particulate matter emissions from
an automotive diesel engine fuelled with fossil and
biofuel blends”, Fuel, Vol 285, Article Number: 119092,
2020.

R. Suarez-Bertoa, M. Kousoulidou, M. Clairotte, B.
Giechaskiel, J. Nuottiméki, T. Sarjovaara, L. Lonza,
“Impact of HVO blends on modern diesel passenger cars
emissions during real world operation”, Fuel, Vol 235,
pp-1427-1435, 2019. ENS590 diesel fuels”, Vol 245,
pp-198-211, 2019.

Q. Cheng, H. Tuomo, O.T. Kaario, L. Martti, “Spray
dynamics of HVO and EN590 diesel fuels”, Fuel Vol 20,
pp.569-578, 2019.

S.  Marasri, PP. Ewphun, P. Srichai, C.
Charoenphonphanich, P. Karin, M. Tongroon, H.
Kosaka, “Com- bustion Characteristics of Hydrotreated
Vegetable Oil-Diesel Blends under EGR and Low
Temperature  Combustion  Conditions”, Vol 20,
pp.569-578, 2019.

S. Ushakov, N. Lefebvre, “Assessment of Hydrotreated
Vegetable Oil (HVO) Applicability as an Alternative
Marine Fuel Based on Its Performance and Emissions
Characteristics”, Vol 12, pp.109-120, 2019.

RTBIC, FEMRE, RITYA, CTEH S B TR CLR D]
PRI G RETIE”, T B i b TR AR T,
BB =1, PP.53~61, B 87 4F -

BRSIC, « Wk SRR A RS AR SO 2
BRI A G BRI E, AEE L 3 Bl A
TR RS, R 99 4F -

SRPEIC, AT - RUURE, MHERH, i R SehiBEd
F T 1 S 5 | B2 FRE I 4 1 o R SR VS eRiFsE ™,
B e At b T RR AT, 25 T — R,
PP.37~47, K2 91 £F -

L. Karikalan, S. Jacob, S. Baskar, S. Venugopal,
“Analyzing the influence of wvaried fuel injection
pressure on diesel engine fueled with Karanja biodiesel”,
Materials Today: Proceedings, Available online July,
2019.

J. Xia, Q. Zhang, Z. He, J. Wang, R. Liu, Y. Qian, D. Ju,
X. Lu, “Experimental study on diesel’s twin injection
and spray impingement characteristics under marine
engine’s conditions”, Fuel, Vol 302, Article Number:
121133, 2021.

Z. Wang, F. Zhang, Y. Xia, D. Wang, Y. Xu, G. Du,
“Combustion phase of a diesel/natural gas dual fuel



24.

25.

26.

27.

28.

29.

30.

31.

32.

engine under various pilot diesel injection timings”,
Fuel, Vol 289, Article Number: 119869, 2021.

W. Du, QK. Zhang, Z. Zhang, J.J. Lou, W.H. Bao,
“Effects of injection pressure on ignition and combustion
characteristics of impinging diesel spray”, Vol 226,
pp.1163-1168, 2018.

FRIUI, < LASERR IR F0E T 2 B4 R 5 | SR 4
BERRIE B s Yo o2 52280, BN TP OB R AR
THREERRERSC, BB 105 £ -

PRICER, “fff FH A2 S S0 5 | 8 2 Pk 2 3R
B, BN REEHOCEREA TR B R G 0, R
102 4 -

EENE, “thE HOCT JLaug ST 4 5 [ B e e 2
ST, BT EME R TRRELREE R L,
BB 99 £ -

BREEIAL, LA BT SR 5 | S A LB S R 8 T
5P E B R F AR BRET, BT MR BB
e L REEL R L5 50, KB 100 4 -

JERSIE, “HfiHE R Bisge 15 MR I SR e o A
BLPER] >, BT AR BB TR AL R I 5
, FE 103 4F -

Y. Li, B. Lou, S. Abubakar, G. Wu, “Skeletal mechanism
for i-propanol-n-butanol-ethanol (IBE) and nbutanol
combustion in diesel engine”, Fuel, Vol 302, Article
Number: 12113, 2021.

D.Q. Feng, H.Q. Wei, M.Z. Pan, L. Zhou, J.X. Hua,
“Combustion performance of dual-injection using
nbutanol direct-injection and gasoline port fuel-injection
in a SI engine”, Energy, Vol 160, pp.573-581, 2018.

L. Li, T.Y. Wang, J.Y. Duan, K. Sun, “Impact of butanol
isomers and EGR on the combustion characteristics and
emissions of a SIDI engine at various injection timings”,
Applied Thermal Engineering, Vol 151, pp.417-430,
pp.417-430, 2019.

kﬂ

10

33.

34.

35.

36.

37.

38.

39.

Z. Chen, J. He, H. Chen, L. Geng, P. Zhan, “Comparative
study on the combustion and emissions of dual-fuel
common rail engines fueled with diesel/methanol,
diesel/ethanol, and diesel/ n-butanol”, Fuel, Vol 304,
Article Number: 121360, 2021.

M. Mohebbi, M. Reyhanian, V. Hosseini, M.F.M. Said,
A.A. Aziz, “Performance and emissions of a reactivity
controlled light-duty diesel engine fueled with
n-butanol-diesel and gasoline”, Applied Thermal
Engineering, Vol 134, pp 214-228, 2018.

L. Wei, CS. Cheung, Z. Ning, “Effects of
biodiesel-ethanol and biodiesel-butanol blends on the
combustion, performance and emissions of a diesel
engine”, Energy, Vol 155, pp 957-970, 2018.

.M. Yusri, R. Mamat, M.K. Akasyah, A.F. Yusop,
“Evaluation of engine combustion and exhaust emissions
characteristics using diesel/butanol blended fuel”,
Applied Thermal Engineering, Vol 156, pp 209-219,
2019.

H.L. Xiao, F.Y. Guo, S.J. Li, R. Wang, X.L. Yang,
“Combustion performance and emission characteristics
of a diesel engine burning biodiesel blended with
n-butanol”, Fuel, Vol 258, Article 115887, 2019.

H.W. Wu, R.H. Wang, Y.C. Chen, D.J. Ou, T.Y. Chen,
“Influence of port-inducted ethanol or gasoline on
combustion and emission of a closed cycle diesel
engine,” Energy, Vol.64, pp.259-267, 2014.

H.W. Wu, CM Fan, JYi He, TT Hsu, “Optimal factors
estimation for diesel/methanol engines changing
methanol injection timing and inlet air temperature,”
Energy, 141, pp. 1819-1828, 2017.



SNAME 2024, May 18-19. 2024. Kaohsiung., Taiwan (R.0.C)

Study on effect of diesel blended with hydrotreated vegetable oil and
port-injecting butanol with different injection parameters on performance of a
closed cycle diesel engine (I1I)

HW. Wu * C. H. Hor*

*Department of System and Naval Mechatronic Engineering, National Cheng Kung University
**Department of Mechanical Engineering, Kun Shan University
Keywords: Injection parameters, Adding butanol at intake, Closed cycle diesel engine, KIVA3V code, Diesel/

Hydrotreated Vegetable Oil Blend, Exhaust gas recirculation

ABSTRACT

Based on the previous two years' research results, this project installed a common-rail injection system, electronically
controlled butanol injection, and an exhaust gas recirculation (EGR) system in a closed-cycle diesel engine (CCDE)
to investigate the operational performance of the engine using diesel blended with green diesel, butanol at the intake,
and EGR at different injection parameters to improve the performance of the CCDE. This work also installed
temperature and humidity sensors at the engine's intake for computerized monitoring of intake air temperature and
relative humidity to conduct CCDE experiments by varying the green diesel blend rate, injection parameters, butanol
mass fraction, and EGR ratio at a fixed butanol injection timing. The KIVA-3V was modified and combined with a
detailed chemical power model to simulate the combustion and pollution under CCDE intake injection of butanol,
diesel/green diesel blend, and numerical simulations to compare with the experimental results. The experimental
results show that a closed-cycle system can reduce pollutants (CO, HC, NOy, Smoke, and PM, ). The higher the
ratio of green diesel blended with diesel, the tendency to reduce CO, HC, NOy, Smoke, and PM,; becomes.
Advancing the injection timing and increasing the injection pressure are both effective in suppressing the production
of certain emission pollutants. The numerical simulation results show the same trend as the experimental data and the

error value is about 4.7%, which can verify the accuracy of the simulation results.
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