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Combustion characteristic of DME-hydrocarbon-air mixtures
under high temperature and pressure

using small type rapid compression machine
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Combustion characteristics of DME-hydrocarbon-air mixtures
under high temperature and pressure

using small type rapid compression machine

Tetsuo TAKEI

Recently, as the environmental problems become more serious, small gasoline
engines need to achieve low emissions and fuel consumption. Nevertheless, only very
limited information is available for reducing the emissions and fuel consumption of
small gasoline engines (50-125cc).In this study, using small type rapid compression
machine the experiments have been carried out to obtain essential data on combustion
characteristics of DME-propane-air mixtures influenced by high heat losses. Maximum
burning pressure and the flame speed of DME-propane-air mixtures have been

investigated. The main conclusions are as follows:

1) Maximum burning pressure of DME-propane-air mixtures is observed in the vicinity

of equivalence ratio @ =1.5 in a small type internal combustion engine.

2) The maximum flame speed is obtained at overall equivalence ratio ®=1.3 in the

lean side of DME-propane-air mixtures.

3) In a low oxygen concentration, the maximum burning pressure of DME-propane-air

mixtures is influenced by overall equivalence ratio.

Key words: High heat losses, Spark ignition engine, DME, High pressure and temperature
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NO, +0O; - NO, +0,

NO, + NO, — N,O,

N,O + H,0 —» 2HNO,

OH 7 U nvinBih LIzl b & LT, ROFIEHREZ BN D,

NO, +OH — HNO,

ZDOX DI LU TAR L7z HNO;s 1E. MEICEE T A A T 72 i KRR & 7
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D, BEMEDOIRVEN & LT EIZEE D E

NOx (T FE 70, BT % LILFEARAT Y 712D ~EBET & DOfEE
PERE < FIH. DFEV, BOEE, AMEICAETH D,

PEHEREIZ 1T D NOx DARRERE & L Cid, 22K T ORENEIRRRE g
FEREG UTAERL, BIERE, EAREWIEERENT 2, EAREEIEWIE
EZL AL, RIFMEIRICRF S D &, 8T 5,

3L & LT, NOx id—%I1C B 8hEBL o i H o iR R B TR S D DT,
ZOEPE DT DITIT= ¥ RIS 5 2 L3 Z W, NOx [d w4 &1
LV ETHEM THRRICRDDT, ZOHELEIN S RITUTR B 7220,

oSk L LT, BE LI-HER A 2D — & - 2R A RIS 2 TRREE S &
%, HEREMEER 5 (EGR) BEA STV

1—2—-6 —FiLk®F (CO)
BV DORIE T, MIEFRONEZ o vy & BFERRL . RN ~hE

ER T DR A I E T 5, BEICL D PRFEE, PR, BRRAER. B
FEAF DIEIRD D

ARREE LT BB O RE DR TERIABE, IR (Z25) TR OIRBED
ARFEEBINT IV ERT D, Lied-> T, HimlEA L0 bM< CO @
ARREIT D72 <2 %,

CO FREXTDOMRARENTERRNTH 5, ERAMEFH DV s H RO
RIEAX DN ME RN SN D 23, £ ORI O A i CTIRBET 2, xR
E LT, MERAKDOIZOOBRBERDOBE, BB « SUKHIES AT LD i

'ﬂ:%i)\)“/g‘g?% ZD o
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1—2—7 X#Bixib/KkzFzR (HC)
BEHEAR~OZE LD ke, IR~ORENECLIBRETHSL, 7277

L. Kigta=id 5 &, R&AFD NOx, O3, 7/V7 b N &S L T EFEA
v TORAERKE 2D,

HENELIC 3T D AR & L Tid, BB DR R D RERIREE, IR A Ry
CRAET DN, HOREL L, BREELORIBIZ/ZR D SRBEN IR
MZ > THCIIHEMT D (RAT7AT) 2T 05 —AnbDOTa—s A%
A BREERIE N D IAET DIRBIA T A bR &L 0D,

[IRINE AR D D WVITRBER AR T 5, IBIRIEAROMBHE R,
Wi 72 A IR A R CORBRBEH S, WAV T DA —"—F » TR OR X i)

=

T URBEEBERDOKRD I 2 F U VBRI AT 7 A THIILDHDTHD,
Lo TR E LT, AERAKTHLRIERRENGONL VD
B, v U X IMEAIRBE OB BIC K DA OHER, I A7 7 A T 23 E
LRVIREETDY —> by T 4 U I7ERBIT D, BREEED HC 1%, iz
JoZ LA N ORBEBRS T T 75 —ARNIZITANTHHO8H D |
Ta— A TALWPLNAN, 2Ty YV AR T ICE e E I L
DIBRS AL D, BRESZ 7 B OBBEZRRIL, Ty a—F v =22 f5E
PRBIZRIE T ARG IEAREIZ LV IR RICEE | IRAKERTRBESE 5,

1—2—8 HMAERIEY (SOx)
TR LR (SOg) 1Ty & e Ao IR AR S B2 & ITAEKRT 5,

Fo. FEEICEOWTET 4 =Bz o D TR 5. BRI OB ESY AN REE
IZR VL E 4T SOz, SO03 & 725, MR ENICITAMA KRR E{bA
BB =X —RE L TREICHE L, ERREO BEHHEE KT ITk
M L7e7ed WHTTEAE L 2 EDORERCBIENZR EORELZF S Lz,



SO0z 1I% < DA, —OOBREEZR THiIEE (HeS04) ~BITT 5, TD—
1%, SO SMEICHE T 5 & OKIZxd 2 M 1% 20°C T 11.3g/100g /K) . Hfifit
i (HoSO3) DK B AR L, S 51 HoSOs 233, A v ilig b k& (H202)
7RI Lo TR LS, MEBEKIERICED D BETH D, b o —2iF, K&KHF
TS8O ET OH 7 VAT EBE S, Bk S 11T = bhiizg (SOs) & 720 |
ZHDIE IS T TRO K 9 2 SO 2 ThlRIZ AT T 2 Th 2,

SO, +OH — HOSO,
HOSO, + 0, — SO, + HO,

SO, + H,0 — H,S0,

ZOE I U TCHMEIIAE MBI KRR E 720 . oMV & LTl BTk
DIEL, SOz, SO3ZEHHET SOx LML TWD, BREFO SOx DEKDF

RNF LG ¢, BEIEIZ L 5 H 013720,

1—2—9 HFKHE (PM)

FIZT 4 =B P THRAEL, BIER SOF (RIEMEARY) %o Rk
KFBMBRD , BB PP RS | EO TN AMEWE OPEHIZER T 5,
R L LTIR, 74 — BV OILBURBEIC R IT D, RTEEIREEIC & 2 b
RF. TRbbH, BBEENOZRIEOIRYE (R —) 1KV | KFENPFEHE L
fill CEPUITRFBIR TR . IRFBORL TR AETHZ LIk D, SOF (A
GHERLSY) L ISF (ORATERGY) BT D,

PM 1%, BHITIHIRBEIC KA RTERRBEN O RD T 4 —EB L ¥ DR

BTHY, WERERE (39) 22b7eb . SOF (RIiaEAtknksr) & ISF (AR
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Roy) WA EN D, SOF 1213, RARAL/KSE (HC) EBRBERICIRA L7
WM OFRR DDV . ISF & LTI, AR LB ORENRRIL L TKERE
L. BiliEI A MRICAR STV LT = — b3 H D, HEXRBRIH O 2 2 DAL

FRRRNRDIRIETHA LTV, REARALAKFE DI AEIL, PREESEER T ORI

TICE D56 RN —REHENOREIA D D5E . BT TR OEEAR
HEHORG AL —DHREEN DD, K E LTI, BEZEROESUEE O

UL FIZ <523 NOx & PM I b L — R4 7 OBfRIC

< BRBPESSREEA AL A L LB (= o L— L I KD
WS AR 4 0D i 1)

< ERRE) (A=, AFX v ia, XUT) OEElE BREH

WRSR. BRBEE TR O St

EARDONA Ny Tql

Vi

SRS NG, Y
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1—38 KIEERAKHEE (AvIrzIooy)

T Y ANTBNTIE, BBEZ Akl C& 222K FE L, EREOT VT
I3E OEERABIC IS U CTHEx ORI N o 0 | & OBRBERLFH I EIRAK 7 T,
TERBKI 22 TH D, =2 ¥ AZBWD TREERFEITIR A R OIRARIC TR < AL S 1
Do HENEHAT Y U w2 DG BRBHIERE 7 ek o Xk Tie <,
BREHESIC L 2 b OB ERIIICEL < o T D,

W AUIZ R &R & 225D KUK AR RIS TR BE N IR A T 5 23,
22 L RBIHE O PRI ZED 8 5 72 D L FRIIESCWEE & Vo 7ol IR O35 5
BRI B ZER LDV A A AL, RRIER, AEPEXWE O KISR0 5,

BRBERNIZRB W T, BN BE EBE DRI, 22K ISR 2B L O
RRTHIET Do FADLITWMA, EMITRPICAE L, EXBLOEET A L
RBET D, LnL, BEEREDATOOBEE, BROERIE, =2 2 r Ohnd)
PEds K OFEH AR HC IR BEIC B4 KT,

—Ji. KM OWRMEIL. BREZETIRE A6, B KRB, HER
FrESEICBIMRT 2, 072010, REHERN R OBIEN TN TR Y | BREXE
A T = AL O —EEEIZ R Y 2obh 5,

1—3—1 PRt

VU U ERNICRASNIIRARITEM S, A—2 7T 7 THRAKEND, &
KU TKRENHEN %, BLRGEHEAR~ERET D, KEMERE L, BU/E
PHEAT U, ERIE NS EST 5, BRI, KEHED b IRAKORBENL
KU TRRBEZ kR LIS 5721 ORS00 (kTR 58 &,
TRBEHIR (5 ) ST B 2 M TE, KERERYICEEDH 5K
Fid, BEOME, BAK, BRAKES, BAKEE THY . BREEMICE
B HIRT1X, IRARORBEEE, =Y oREERE, Tho, V7
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IRBERFIEIT, RUKIFEIC LD RESEQRDN, AR TEIETLIERAMAETO
SR TTRABERFIE 2 U E L7z,

1—3—2 BEREEN

TV ORBERIEEZ I D T2, REBRTIIE TV U U AN O REEE
F1Z2WE Uiz, BRBEIETNIFEE R TEOREN R TH L7202, EFHIIRE
AOFHUITEITFIATE R, Lo T, —MRINTITESRI 2R E DFHTTE D]
MEnsd, £/, ENFHINTEIROREE T 2 CEZERMA D7D, WEICKT S
HREMLETH D, =Y ORBEFE I OFHINCHIH S5 FREFHIIZ R D &
IWMLDNDH D,

(a) ERFEER

TV OBRBEOFHINCE K P OBEE THEH SN TWDENFTH D, R
JEINIZIER (XA T 77 5) TR b, TONBRNHOMAFITEZ HNT
MENERT B, EBICL 2 MHOERROEREES —VIC Lo THiti LER

Ik ->THEIE L., Ay axa—77 O CollsgRT 3,

(b) EJEFHE T R (Piezo-electric type pressure indicator)

KB EDIEERFHMEH L, BMBEEIC L > TEFAZIT D e, BEHE
DR BRBEE I 23t 5, (EBHFER T NE% T 52 LI k- TEMEH
AT D)
FWAETHEEOHEIEICIE, Fr—YT o 7nHVWLNS, BRERFRERITHS
5E/NTHY | ERBEER X <HER LT WREDR H 5, /N kD Tz &

BET VU OTORENGFORENNERFJMTIEIRKT T 7 ORI ZD
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JEERFEHWIZEDRF b S D,

1—3—3 KRGHRE
PREHRFME D& T C B RLH L7228, KAEHE TH KIREICE L T2IRA XU AR
EzTem L, KREDPRMEERONE 2 81T L TRRBENM TS, KRERT
(3. RKTERDY & D KR ZEB % F1 D 72 O VK RACTEHE A2 | E L7z,
KRIGRERE 2T 2076 L Uik, EFRRIE 7 n —7 25k E L CEHI
THHE A AT —=71E) THY, b —2FEGRZzHWLHETHD,

@ AF4>7To—T%

WRBE K % T TR R ML RS T DN, A A AL ST - 2 7235 <
FET D, A A AL SNEGROBLIRIUL, 1 A AL SN TV ARWEIEDE
Hid 0 b IERITAR O TRIBOP 2 KOEHZ L L Uit 2 MRS
CEHERET D, BEREOBLESANT S 2 LIck T, ZREROKM
ST KRENEE LA RINT 5 2 LN TE S, ZOFENA AL T a—
FETH B,

(b) R X B FHHITE

KR DIGFENE 2 NI X 2 H51EE LTEREBIC K D2 HEDNAITH 5,
RBEIIF ALY BB TH LD T, BIEFER L - TR T 2 BHARE
EE BT ATEIERTREE CHY . KREEE L LRI & BEREIZIX
BEEACRH D DT, ZOEHTRBIRITT 2 Z & 2RI Lo MRz s &2
o
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1—3—4 NEBEEIEL
ARWFZEClE, /NUFEBE DO RBERF M2 T 5 T2 O AR FAF L3 0/ N H =

VU THDHA—IN=A T ORRBEEZZ DO EERNER, BRESTZRDIEF 2=
YT P THLIZOBHRRPRE N, EMEERSHIC LT D5 LRAETH L
23, BB DIMANERS /) » F o FRAEENRE L 7> TL 5,

1—4 MREERERMN ERBENRH

BRBEE N OBRBEZ BB T 28 & LT, PEEEER 20 (EGR) OHA R
BE. BERBEEN T B D, ABRREE TIE il U 72 KAERUKBERE C oD w] i
PHDNZEPRIIC L CHY BIR 7~ TR 22 ThHho7cb D%, TIRA 30~40 F THLK
THZENHARTHD, ¥ Fh, FEOAREI OIS Z 5210 T, %
BE~DBATOEAMT bEA TV D,

BTE, BET AL LTHEBIOXNRIZHR > T D 01X CO, HC, NOx, PM,
BHECH L0, HlIND CO DRI G EHE TH D MR, BRERTORL TV 5,
CHHOMEEER L LTE, KA AZHOWTIEL, =P OBREERICZ DN
T HIET 20715 (EMS) & HHE SN W 2R 2 BT 5 HIER D D |
FOMDOH ZADREL UTIE, 70— S H 25 L RBIRIE T 25BN D 5,

Flo, AMEROFRMELZE 22 ERBRXNF—DEANRLETHY | FE
BRIZAE 23 rTRE & b D AU BREHZ DD TORFZERNED BT 2,

1—4—-1 PIBREEREAX (EGR)
NOx Z{KiE &5 Fik s L TRENL b DI HEEER A (EGR) 23%

FTonsd, PPREHEE G (EGR) LT, mALTHERT 2D —H 28 7= 727
BRICMATHWRESE L2 7ETH L, BRI ATICEENLLED CO2T
BARBENPREL, TREBRBEEICEAT L Z L TARIBELEK TS T —~
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v NOx DREZMHIT LD TH D, ZOFikIE, HAMERNIEIT 57203,
AFRENE X DRI K > TYR— b 2475 2 & T, MiRE L TRE DK
BELITHOZLNTE D,

1—4—2 FREEEMEZEK (HCCIH)
TIRETEMB A XK Y (HCCI : Homogeneous Charge Compression

Ignition Engine) 1%, ¢V U ZNICHHE SN TIRARE B A AT L0 BiEl
JERE L. ZAFFHNZR TRAXAOACE KLV EET 20T, KRERHER
REB2 I A COEBNAGETH Y . M, RAFELEBTEXLIRT
Uy NERTLREROZ DU LTHEREESR TS

JERER TP ORI ELZES LT, BEWE KB ICA L L - TIRAR
FEMEKSEDLLDOT, T4 —BLz oD NI BIT HIKIE T O EREE % =
B LT NOx O KIEEH & ATEEIC L, 7>> PM Z RS &85 2 LT
Do

FLRTIE, HRITEFITROBEICRES S EHEN, Fefth CITBRBED
AR DT, MR AMORIZRESNTWND, T7205, FaAMTIE
HCCI A BE 21T T = A h 72 NOx il 2 L 72 WAy iEHE 21TV m A
T CIXEREE KD B HE O KL K ~EIREZY Y B2 5 a0 v 7 b BNFEHAMIC
REINTND

RAROFET, Kk (KAWR) &/ vyx 7 (BAMKE) & &5 6L,
EAMEEZ AJREICT 200 CTh D, LIz -> T, B X OYRBER O HE
NHEETH DS,

FERULDO DI, Kt o, oo DL AR S 0 i B A R BE R L o
WeSE, A RNEMG L DR H | TR A, A2 2 A O IELE HRETH 5,
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Fro. IS O BERELA I KL D HC, CO DMK, KfEM D7
X OHIE, INEEREF OREE S LETH D, & HITIE, HEiliE Al REHLIH 2SR BE
BEEICEIVHIRESND Z b H DT, BRI L LETHY | RBESIS
i U CRRBEIM 2 B (X RS IE L e D, P

1—4—-3 TUAFILI—T)L (DME)

REBEBREFE L TR SN TV ABRENZIX, KRBT A (CNG) ., iRibais =

(LPG)., ¥ AFnx=—7/L (DME), GTL (Gas to Liquid), =— k., /314
~ ABRBHER T B D,

AT Z NS OBREtOF N E Y A FLx=—7 )L (DME) 275 H L, W5t
Z17->7, DME OF L LTEIT LN Z LT ET, Kb, —7 1T
HYALFCRELTEME TH D, FIEFREITH 0 BBE L7ZBRIZIE C—C
A D22 AT ITHESEPRGE 2 FEHL 9~ %, Table 3 |2 DME OBREHRFIE 2787,

Table 3 The physical and chemical properties of DME

Unt DME Gas-oll
Chemical formula CH.-O-CH. -
Low heating value Ml/keg 28.8 42.7
Cetane number >>55 40-50
Stoich. A/F ratio 9.0 14.6
Ignition temperature g 235 250
Boiling point 3 i =249 180-370
Kmematic viscostty [I]* | mnv/s <] 3
Vapor pressure [20C] | MPa 0.51 =
Specific density [g]™ 1.59 -
C ratio Towt. 522 86
H ratio Tewt. 13 14
O ratio %o Wt. 348 0

% [I]=hquid, |g]=gas

DME 3% « HETXRETHY | KETIET S &I <ITRILT 5, Bl
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& DME Ot % iz ki#kd 25 &, DME OFBEWVEEZRLTEBY, 74—
L= D UOHOREBELE LTHEBE SR TS, £70, BilZx LT DME
IR AL 2020z, SOx HEHICBALTH AU v R &ERF> TV 5, Bk
& LT DME #3256, BUREEREAME 2 & 12 K 2RI iR 1L
RmiE - BMAMBHDPREL 7eo> T 5, £72, DME 35 EGEN BN & g
LT/hEWZ &0, BREER: OB ZTE A 3 2 72 DI2i%, AABIRE DR e (et
Al UCTHERAT 2%, BB ERA L TRAEZ > TR XLERHD & Bb
Nb, 72, DME [ZRAT A, AR, AT AENGERT D 2 &2V AHE
ThH VY., TETITLMEET 2 7o 2R S, BEAM /SN
MOEkA ZRABETHEMT 2 Z LS s,

DME (X, WA ~A & 25C, FIRIZEHBVT 0.6MPa F2EE DK\ E ) TR
T 5% LPG ERlItEZ R0 Z L hnh . — iy F U S5 -4 5 2
& TEEF O LPG OHTEGE i 36 K Osix i 282 Z £ T& %, Fig6 12
DME Oy & gk o ik zrd, 789

HHETODME a0 oTRE

EIZFTRERBTESCLHER LPGOA Y7 70BN ATE S,
i i FRCHERNE TS LN DE
(L PGEAEN) (ZhF—ZFN)

B d é%:ng — T -
suoa—1— %ﬁgyé 1ﬂﬁ%ﬂ[ rj:jtl

KA WEhRY
AEHHOHRE MESFP—MREOHRE

Fig.6 DME Store and Transportation
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1—4—4 DME QO#iE%

DME ORIEEITIT, A X 7 —ADBRBKEIGNT K » TGS 5 M#E L
RIRHARIRIE A X v A ARRNA A~ AEZ TR T DGR AT A0 5 3
T DEEGRIEN D D, BEFIH S TS DME (%, 13& A ERiBE TR
EWINTEY, @RS SN L EHEEOBMBARE R ED 5TV D,

Fig.7 |2 DME O #E 1% 134,

R #E&
[@:mﬂz{cuzmzma] = [:-: 5 —Jb‘éﬁj *[ DME(C Hancmmli]

EEE

RANA(CHA) >|(&mA 2(CO2. H2) bz IG— | D\ (CH3OCH3) B |

Fig.7 Conversion of DME

1—4—5 DME®OERX

DME 137 VU — > TLEZBELE L THER SN TWDH A, NAKEICEB T 5
ERICIE B U7z XD ICRBEE M O T2 OIOBREI 2 IRET HOBR W EE
2 bbb, TIRAEMECAE K (HCCD) =Y b4 7 # Ao e s 2
ECTHY, AEHEOBEIFIC DME 2+ 2 FELEZ LN,

K TIEREH A (LNG) ZFIH LI RERT AT Do O RFENREL, €
O L, T —EBLm b b D E b EDI TS, RRT A
SN TRY, ZolEEITAMEZESETFRIATWS, 2oy
>~ DME z#BERERE L THRAT2FbEAOND, WTHICL TS,
DME IR & BB O FEM IR BERFME N LB & 72 D,
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2. EREBERUERAE
2—1 =EREE
2—1—1 ZEERESHEX

Fig.8 (AR THI 7212 BA%E S 7o /N RO FEAA LS & ORERG X 22 7R3, AR
FIZ, BBEBIERA T Uy B —BRENE, RUCERE ., RBEHNRIEE S L O
KRAGRBIREE (T2 0HED) MOERINL WD, RERTIE,
DY A 7 NVEBOFEAZ T R 72D FERO/NER A FHWTW D2, BhbE
(Z & 2 EREEERII TS, =2 —BEENC L 5 1 O EM R RIC K D
BEBIE M T Tz,

2—1—2 BE=E

Fig.9 |&/NR S0 FEAE 2L & D BRIEZE O Wi 22 7~ 37, RBEENENIZIZR KT T 7
(Ignition Plug) . W&/ /L7 K UOHES /3L~ (Intake and Exhaust Valve) , & L T
HMEHOE Y RESE >~ 77 v 7' — (Pressure Transducer) & L < (FA
47 m—7 (lonization Probe) 73HXLY 1T HITWD, BREE=IZITA BB
THEMA—/N—HT C50E 4V A 7 NVHKFZ P rDr7 7307 %7 M ¥
ARy, VI V) F—~y REHW, By 7T v T —8 L
NWEAF T a—=TBBMOMFTOoND XML L b DR L, BRBEE
RFEIT 0.055[cc] TH Y, ¥V FORT*A hr—7 (%, 39.0mm*41.4mm T,

JEHEEIX 10 TH 5,

2—1—3 f#l@Ez
Fig. 10 |2/ G EREEOHI#E R EZ R, KERTIIXY A ~—%2HWTE

MOTNDAA I T 2BIESE, T—F =D L > TE X F s BJEA
(23 LIEBIC KB R KR ZAT 72 0 KO ICHER S EN TS, £z, kM
Y72 v F, BT —S =TT 2, vF KOAAL VAL v TFRENLH
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I THDHIET, BRIIEBRIELEORHELITO) ZENTELLHITR>TH

Do

2—1—4 gmXT3Y

HKTZ 708, BIFREKNEEHD AV U L7727 NGK #1:# : CR6HIX %
Tz, INUBEB TR AR E W2, BIEAICE L BRSNS & K
THLIENHE LN, Z T AERIELETIIA VD VLT T 728 LT,

2—1—-5 B3A4<—

ARFEERTIL OMRON 8 H5CX L8 (F Y2 nZA~) L7z, ZDX
A ~—I%, AC100V~240V, HiJjIKf#1 % 0.02[s] IZ58E LW, Fo, IR
llE 0.08[s]& L7z, ZHUE, "AAE—RI AT EZHWTRIELRNS BRI
ETOETORMEFNLIEE Z A, BFFEET 0.084[s]2202% Z L2537 -o

72D T, 0.08[s]75 0.02[s]DM]. kAEFH KT HLIREEITIR T,

2-1-6 ATFr448—
A 7 F A X —iL. MITSUBISHI A 7+ A #—i%. MITSUBISHI #$loO¥ T,

EROHBEIFEHINTWD HOEHH LT,
2—1—7 A59=vy>arvad)
DENSO #E#:GT COIL # 7=, BV fHTEAEIX2 Y1 7, 4 47

b, 2~6 U X MESAkTFRT V) oY EBE12V ThDH,

2—-1—-8 NyFl—

GS=7 il 12V GT4L-BS L7,
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2—1—-9 EF—4—

B —THRENEE N O K& 72 ML OET Ha T o —irEhlodb 2 E
Ak &S 48 SKD A = — # — (1 PHASE INDYCTION MOTOR
CAPACITOR-START 100[V] 4 Poles) ZfffH L7=, Ml#EEIL 1440[rpm] TH

D THILFEIC T D I RAREN I O IR R 2 EE L T D,

2—1—-10 A#>7n—7

AF T —=TEIRKT T 7O L L THWE, WKT T 7 imic
bDHEBLROSBIEZHI VY, KT T 7 HRICET JREEELE O
AL, E7 VBROREIZFEHTLZ L1080 KRRIEFHEZRH L TV
o B AF T O —TORMOET J BUTEBEZITV, SRS 4 [mm]

8[mm] . 12[mm] DALEIZ2 5 X 9 IR S 7=,

2—1—-11 EAEYI Ty T2 H—
JENE Y 7T v 7, By Rz A Lic, e 2 v

T, RBEENORBEE I OB 2T oo, T OLEIT, /IO 2 ITIRBEE TR

IR EERE IR AT 5 2 LAk D,

2—1—-12 RB&EIVY

REBRTHEAS NI R TRAY v 7 TER SR, BREY V7 TES
NTRAKONEITRB LZ 2.5MPal &2 57280, ZOENZEZFIH L TRREE=
FTHAIND, 2B, ZOE, BRAEX 7 LikeH L0 T % Fig.11 12
N I
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2—1—13 WR¥EKFHEEBAR/ NV FIL
WHER SV T — & —BRE) L IXER e <, ML L CE DT 2 ENTEX D L

AT BIHOIT. Ny RAAZED AT,

2—1—14 £K@EHHY (Fanr, 24>, DME)
AWFZE Tl #iEE99.9% DT Xy XAEZ ROV AFLT—F )L (DM

E) Z@EE LTHW,

2—1—15 PCD
PCD I%. Kyowa Electric Instruments CO.LTD.#:#4¢ PCD # Hv 7=, Z @ PCD

1INV a2 DUSBA v H—7 =— AT T HZENARETH Y | ok - Bl

I X—VF L a e — & T LT,

2—2 ZEEBAE
2—2—1 RBESER

FERRIZER L TE T, IBAF 7 THED YELDRGRZIERT 5,
ABFFETOREHT, FEI9.9%DF 1/ (C3Hs) . A X (CHy) , Y AF IV
T —7 /b (CH;-O-CH;) ZfEH L. MALANZITZEXHMRORT & LT, £#
T9vol%. 23221vol% &= W o IBA R ORI, # v b o D43 D LRI (Dalton’s
Low) (ZESWTIThNTW\W5, Fa X nBiimaimit (Stoichiometric Ratio)

ToeiET 5 & XobFEIGITLL TR TEREIN D,
79
C}I+5()+ -»3CO—HHIO+521N

ZORNL TR = ESIRAE S DO I,
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L%, HEMIT

(54
? = A,

TRIND, ZV b O EDOEINT X0 RZEEIE,
Pf/(Pt_Pf)

P,: 7/ DOEE

A0

P IRAEXEE
TRIND, 20XV YEL ¢ I,

P./(p.-P;) P, /(P -P,)
~(F/A), 0042

TERIND, Lo T,

O 0.042 ¢
C140.042 ¢

L%, ZORANLIRERDOMELIToT,

ULED XS ZH N F oo ERIZEFRIH LT Y& ¢ 7 ro8y —BRIRA
RENERT D ENTEDL AZ L VAT LT VI L TCHLRETH 5,
BV CTRABXREAER T 2RO FIaE R T,

1. BERCTTRAY VI NEEZEICT D,

2. BEA LV I7RNICEREZHAT L, (ZOB RRJELIVZIEFEEZANT
RO TR BEBRIT VT N SBIRT B)

3. RART v T LzfML, v A TOXRYEL TORALZFIHET

4. WEEDFZRE X 718k D,



5. A

op

U7\ ER, BBE, BREIOIETEAT D,
6. IREZLI7HNDOT 702X 0255 BLL Bigih1 %,

U ED X I L TRERZER L, FZERICHWT,

2—2—2 ZEEBOFIE
PLTIZHEBE DO FEERO FE 27~ T,

FTE DY &R AR EERT D,
2. RBREXVIZITMER—RAZBNTIRE X 7 DOV TE2RKEL, IREX

—

I ML MER—ATIRERE BT,

3. INHEHEMEEO SV TITMER— A ZES (ZOBE, ER— A
Ko CWIRGRZ, ENWEZFHLTO LEE, HiL{EsTiRAR
THEAR— A Zi727),

4. AN FRAZBEILT, WEI, PRI 2 IRV 2%, N RORENE L E
DE—=F =7 T 7 %7 FOERIZ RS iR 2TV, EA
YIS PFERALEIZR D KO IZHEbE D,

5. NV FAERELTERIIFOHRZT, WAV T 2B,

6. JENETERIMNVDTFREAETTERoTCH, Ny R ZEILTHERA S
B, S BREmEKT 5.

7. AN RALEEILTERSIR, HER AT T2 (ZORE, PREEE DA
DOBERND | BBEENOREXIENIRGEL EiceoTnb iz, HE
KV T ORI X 0 BRBEENIIREE L 72 D)

8. X=aTNAAvTFEEANL, BHEEM - WENMT DI, KEBEE
NEOKRABITHREDT — 5%, PCDEALTHGL TV,

9. 4. IR CERAZE KT,
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2—2—3 WHEH
AREBRIEE T, T —F = B SICE L -BE O PIHIE 1 ORIER E D

AU b —7HB =13 67z, LLF, Table 4 [IZAFERIZI T DI

ZmT Table4 Initial Condition

Equivalence Ratio ¢ =0.6~1.7

Initial Temperature 350 [K]

Initial Pressure 0.73 [MPa]
Compression Ratio About 10 (Constant)
Flame Propagation Section 4mm-8mm, 8mm-12mm
Fuel (Purity:99.9%) Propane, Methane,
Dimethyl Ether (DME)
Piston Speed 1.97 [m/s] (Corresponding:1500[rpm])

2—2—4 BEBHOBREEER

AREBRTITET, DME OREHERIZAER L, RAILKFRE (a0 KD
AL ) LD EATIR o7z, RFEBISEITBHREN R E WD, ATREE
R E L, TR KOA S O S O SR O AT AR R £ TY &t
EEALSE, ERT—XEREL T o7z, DMEICE LTI EmERE &
D2 LBV, HEE 6=1.0 NHIRMO LT — X TGN AEETH 72,

2—2—5 DME—7O//RVESRHDREEER

FRREHZ BT DIRBERBR D, DMEIIRBAEN DR 70, 47 ¥ A
PENZ E D AE TOT —Z PRFFTE ol AERTIIZOREAE
AT B AMEA D T DI T m N AN LT RIBRELFH DL K & DB R
A LT,
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DMEIZ7 a3 ZRINT 2 EE 1. DME 2BRENO BRI C B4 72kl %
THIEND, MEEYELE o=1.1, 13, 1.5 EFEL, ZfbIE o7, Z
I THEEYEILE WO B X H X, DME & 7 a XU N BET BB E R EREL
BHAET LN, ZOREEEZDME —ZRIBARDOAHDOFEE LR Ui b &

L. TORODME-ZEXKIEEXRD Y 'L 2R &L L ERT D, LTI
ZORMAEETT,

£7. DME OIS ERT,

CH, —O —CH, +30, — 2CO, +3H,0 +1458[kl/mol]

IV O AF =T 0% 1[mol[AKE X5 DIZHELREEFR L 3[mol] TH
AZEWSmb, Lo THERRERIT

X =3x1%0 _ 1429 [mol]
21

L 7p o TR ZEXITH 14.29[mol| M ETH D, L» T, DME-ZXRIEASIT
15.29[mol] &9 Z &7 b, A0/ NS EHEEEE OPABEEMAFEIL 0.055[1]

D=6, FEAARFED 1[mol] DIRFEIL 22.4[1]7> 5. BREEEND mol Hix. LLDEH

RSN
_ 0055 o
224
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LD, T BREENODME —ZEXUEAAXUICE ENDDME @ mol #0%

oFHER LY,

0055 1

X

224 14.29

[mol]

FoT, YEH 6=1.0DEXDDME —ZEXIEAXKDIEENE T,

Q=1.0x % ﬁ[ mol]x 1458 [kJ/mol] = 0.2341[kJ]

L b, KREBRTHEHLUZBIEY &L o=1.1. 1.3, 1.5 TH LD T, BEEIT
s EnFn,

0.055 1
=1.1x———x———[mol] x 1458 [kJ/mol] = 0.2575 [kJ
Q 224 *Ta.z0moll [ ] [kJ]

Q=1.3x % @[ mol] x 1458 [kJ/mol] = 0.3044 [kJ]

Q=15x % ﬁ[ mol]x 1458 [kJ/mol] = 0.3512 [kJ]

L%,

— . W5 7a X0 0FREE 1T, DME OBE L RBEOFEEZITR YD

‘/C:\\

C,H, + 50, = 3CO, +4H,0 +2219[kJ/mol]
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EXEXV ., e X 1 [mol] 2R EE S B D DI R #2250 S[mol] TH 1 |

X =5x19% _ 23 81 [mol]
21

DME & RIS/ N GOHTEAREE CREES 2D T, YEtko=1.0 DL EDT

Ny —ZESIRE R D R &

Q=1.0x % ﬁ[ mol]x 2219 [kJ/mol] = 0.2196 [kJ]

LA, IBRATAHATa 0T, DME DY & EZRIEY &S 0.1 %
THLDSETWoT2 b &, BRIEYELOREEIZZET ALY, EVODME®

REAELZ 7o ORBETHRL, 7a XY Elh2E L CivE LT,

Bl LT, MEEYE]L 0=1.5. DME Y& $¢=0.7 OO 7o /R DY &
BIRET D E

WY I 0 =1.5 ORFOREEIL XLV | 0.3512[kI]TH 5,

DME DY &L ¢ =0.7 D & X DOIsEE L

Q=0.7x % @[ mol]x 1458 [kJ/mol] = 0.1639 [kJ]

Lo T, &Y OFREEIX
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0.3512 [kJ]—0.6139[kJ]=0.1873[k]J]

ZOEZE T a X OAETERT &, a0 OYENKRE S,

0.1873[kJ]/0.2196[kJ]=0.85

L0 BETATa RN DOYE]IT 085 LB,

Table 5 ([CAREBR TR L7-RFE Y &L ¢=1.5. 1.3, 1.1 IZBIFT 5. £DME

BEIZKT A7 a0y ELEZNEILRT,

Table 5 Overall Equivalence Ratio and Propane Equivalence Ratio

Overall Equivalence Ratio ¢ =1.5

DME ®=1.1 =12 ®»=1.3 =14 =15
Propane ¢ = 0.43 0.32 0.21 0.11 0.00
®»=0.6 ®=0.7 ®»=0.8 ®»=0.9 ®=1.0

Propane ¢=] 0.96 0.85 0.75 0.64 0.53

Overall Equivalence Ratio ¢=1.3

DME =11 p=1.2 ®=1.3
Propane ¢=| 0.21 0.11 0.00
®=0.6 ®»=0.7 ®»=0.8 ®»=0.9 ®»=1.0
Propane ¢=] 0.75 0.64 0.53 0.43 0.32

Overall Equivalence Ratio ¢ =1.1
DME ®»=0.6 ®=0.7 ®»=0.8 ®»=0.9 ®»=1.0
Propane ¢ = 0.53 0.43 0.32 0.21 0.11

AREBRTIZEFTLDO LD ITHEL, ERrA2{T/Ro7=,
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2—2—6 EFHKBIREEZEGET COMRBEER
DMEIEbEHARAT—T L THY . TOHHEEOTIIIMBENEG END

GERFERELCTH D, Ko TEDRBERMEZ RS 57201013, (RIRPHR IR R
TORBRBLEZLEEZ NS, ARRTIE, FFFHOLE LT, Tuy

e

DOFEMBOEL 72> TL HADME Y&t ¢ =0.6~0.8 OEEL T, BEFEY R ¢
=1.5. 1.3, L1 2B 2 FEIHREEIREE 2 1892 FIF 72358 OREEFER 21772 -
77,

2—3 BlET—2DIE
—3—1 BEEINLGEAANDHAAEH

' b A v r Ra—7TELNTBREEE ) OMEIX, EE[mV] TER
END, ZOMH%EENMPaIC AT 5720 A BEFT R LR
SERIE /3 (U WT-2, 25 NO. 4660, fxmlRRE S 100kg/cm?, ik
BRAE S 1kglem®, T AWTHEAE 1/4cm®) %2 AW CIENRIEEBR %217 > 72, Fig.12
(ZHAEBR P S5 20",

LA A R E T 51 0 BRI Al K OME I 7 2 7R,

EA Ry V) AL EEEE TREAMER 2R L, T EES (L
o> TER M OFGES) OMGHEEEZ AT 20 LR 7AOMESS,
s BB IR R . SV TR E R A DB ERER AR ST &
BN =D DN EITHAL TON D, (FEHIIARRREIC S 2 A E R T )
FHI ESEFPH Y 1~100kg/cm 72720 HEH & A RAMOIRAGHMNLEE L <,
REENEZEA N ATHIT, BERESE2 & &2, 2 ORLL EMEICEER S
DREFEN L,

1 —ER by U A RPEEICRD XD\ 5,

2 —RURSFIZHlERA L, BEROBEER 2R L72%, WKIEE
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NEtE L VAT S,
3—REENCH YT HEMEL A b BICHT, 20L&, oA M
OEELMET 5, BEOREAT T2 RENVBOEFIC, hEb
DZENER EIZERTHHRICHE 2, EEEALE 2 K< ZEICT D DN L,
4 — VT EERNICHASE 5,
5—NURNCTZanEE/EL TINEL, HEED T ) X X022k F A
— MV ER U & EFNICEEL BRSSO ENOEHE 2 R 728 5 &
INTT D,
6 — PR IEIE J5T 00 7R BE % G B D
T—ENEOICRTEEIE, ERXA ML EHENTY VX BTk ETRLR S
TERZRBEL, +ICBIE SN2 2 & 2N TENBKREZ DD
ER<,
AEZ2MEUEET2ONEE LV, IR DEINIERNES B FEITE N
JENE L, BEENSELE, REICENZ T CTEEOREL HA D,
HIEME D 2 b > TT D,

38



Fig.12 JLMEE $EM J+ /)51

1.2
©
%08 ///////” y = 0.5583x + 04115
06 &
a
Q
a 04 o Average(2007.11.13)
0.2 31
(Average(2007.11.13))
0 | |
0 0.2 04 0.6 0.8 1 1.2 14

Voltage(V)

Fig.13 Pressure Calibration Equation
KD BT O — KB ORIL, v=0.5583x+0.4115 &72 o7, 22
TxIIEE (mV)., vIFESN MPa) &5, ZORICEEELZRATLZ
T, EIMEAE RO T,
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2—3—2 XREBRE

SKIBEDAN—=0 T T b A F T —7E COREMN RS, 25
HOA A 70 —=T\2 80 KRRBNERH ¢, t,Z TN THREL, TORES
NE2RDAA T o —TOREIOELTEDZ LICE D KRBHEES, 257
H L7,

REERTIT A KA S OFEEEZ 4mm, Smm, 12mm & L. 4mm—8mm X.[8 & Smm—12mm
X DK RAGHERE 2 F N ENnHEH LT,

2—-3—4 [EFHKBREE
ARERICEB W TIRFHABRRE 2 HZBT 5729012,

\

MERIRIE A 18%& L.

ERICLDEWAToTe, MIEYRELAHE L CCELBEEROBHEL T E2H

L.

N, (o XOIS]
0.21

&L TRFBREOREEZIT 72,

2—3—5 WHANREE

PRBEIBTR DRI, JFRE~DBYRERS ST K D BRI 20 & & OPRBETT
A D AL E & Wi BVK R LI5S, ZO8%6 ED X 5 RIRBERIG %5 2 5 )
(Z & o THRAKLEDNE > TS D25, BB O W BREC 7 23 58 R BES R &2 e Z L
T, e bR, KRR, BB 2 AR T D & & DRAMIRE & BEmkr LK
RILE Toe &EFRS, FEBRITZRRBEITE Z 679, (L5l E TLAMISIE
FRVD T DL E DR 2 R EABERE The & FE5,
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(1) BEERMBECKRIBE OFHE G

BREE 1kg 23FERRBE L C. ARZEKD MG L 72 1T huiE, (R 8 Hilkd/kgl 72
TSI D, BRBEREIEVIZAT DN D 7 BIE, 2 OFET T~ T 0 REEA
2 (H&E Gulkgl) OWEE EFICHDiIL, EOBEBCE DS, PREERTOIRE %
To (=298K=25C), 1L To & The D TORREE T A DEEHEN C, DIFEHIEE
Comlkd/kg « Kl &4 5,

BA\DNT U AMG

Gw-c, (T, ~T,) = Hi

Hi
! +T,

AT, =
Wy M

SR EBI O A TR 1m3y 272 0 O EE HikJ/m3N] B3 52 65 2 &
MLV, ZOHAIT0C, latm ICB T D RELOHEE pplkg/man] 214E - T,
1kg Y7z 0 OARFEEE HikI/kglZHE T HIT LV, &2 WIE BN R 0 R
ZEFE Vilm3n /mdn] & BABET A 1m3n 4720 OBR & & EFHR SN D EEHE
Com’ [kd/m3y « Kl &> CTEZET,

H.

T, = —+T
" Vw-cpm' 0 (2)

RDEFET DY 72> TOMBEIE. Com DIREET A DM EIREIZ L > TE
IbT22ETHD, ComDAFEL VITHEL 2 DIEE T & TIKIO B O 548k
BEH AR Ay DI EJE L EVE Table 6 127,

HEICY o TE, The 2 4 72fEIZ{E LT, Table 6 25 13 H ORRGEN
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ARG DIREE To~Thoe \ZH1T D EHEELE G (To~Tw) Zairld, £ L

T, TNETNORS DEESFE milkg/kgl & FHEELE G L OFREEHE L

BRGY DIEMEZTD Z &2 KD | REET A DL EELEE RD 5,
TRbb,

Com =2 (Cpi Inl) (3)

2D GuaAWTRDND T Z7HH L, ZANEITIUE LT2EE —HTh
FEv, —HLadhE, R sh T OEEH LWVMKEE S LT, GiD#e
HELD B0 HT,

BRBERT OIRE DS Th YA OIRE T. Thod Exik, RREAXDLEE
Coulkd/kg - Kl & LT, XERD L ICHZETIXLV,

Gw-C (T, - T,
T, =H, + w7 To)

i +T, (4)
Gw-C .

2oL To 2 FEERE & 5 RRES X OBENMEREEIZIND S & LTE
BTV 5D,

¥, 2RI 1 LT OWMPERE KUK L Cid, BEERRBERE & v o BEE
AT, Lo T T OEIFFHRTE 20, £/, BRBERE .S 2000K %
x5 EBVRBEOFEENBENL DX D720 £ E T 20K INIZILE - Tz
PREMPRBE IR & MR BEIRE & DN LIk 5, 2O X ) BRIGHEICII LT
FHFH R L o TRBEREZ IR ET 20BN HRBTH S,
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Table 6 FEERRBEN ARGy D T, (=298. 15K) ~ T[K]E D447 £ Hb 24

SERIRIETT A o7 D P KL HL L

T(K) Oq N» H-0 COsq
kd/(kg*K) | kdJ/(kg*K) | kJ/(kg*K) | kdJ/(kg*K)
1000 1.011 1.092 2.056 1.081
1200 1.031 1.113 2.124 1.121
1400 1.048 1.132 2.191 1.153
1600 1.063 1.149 2.256 1.179
1800 1.075 1.164 2.317 1.202
2000 1.087 1.178 2.374 1.221
2200 1.097 1.189 2.427 1.237
2400 1.107 1.200 2.476 1.252
2600 1.116 1.209 2.520 1.264
2800 1.125 1.217 2.562 1.275
3000 1.134 1.225 2.600 1.285

—flL LT, A ¥ (CHy) #ZEXUIE 1.3 TREESHTHAED T Z2itH LT
HD. MHDIZDIT, MBRUNDHE BRI EFR L BT L BB
INE
CH,+1.3x2[02+(0.790/0.210)N2]=CO2+2H20+0.602+(2.6x0.790/0.210) N>
EVHZT. Th =2000K EARET S, EOFERREESIERE O TREL 1kg
NDIEAET DR BRBE T A sy DE e lkg/kgl ZFHHE T D &

43



Table 7 EaGWIEVRBEIR L OFFHHR K

H H BT COs H20 02 Ns
B kg/kgcens | 2.74 2.246 | 1.197 |17.084
Gy kg/kgema | 23.270

HEDR m kg/kg 0.1179 |0.0965 |0.0514 |0.7342

Coi ( 298K ~
kd/kg-K | 1.221 2.374 1.087 1.178
2000K)

Yi (cpimn) kJ/kg-K | 1.294

Table7 O 1 O X 512725, ZOfINE & 5 L5 2 O BREET 2 E &
Go BRDHND, KT DOEREE Ge THIUX, BENE m N T, KD
298K~2000K D[] D F-HJEEHEN ¢pi & Table 4 2> HaeAAHL 5, RBIZHESW
Tmé i DREDOWAME LD L. em=1.294KJ/ (kg - KN GHND, Zhb
DFERERE A 2 o OEFEEE H=50.01MJ/kg=50.01x103kd/kg & & 2
(WIZRAT B &

T:=50.01x103,723.27x1.294 + 298=1959K

Z OEIZEM 2000K & —FH L72WVWD T, Th=1959K & KE L CEHEZ R
DiET &, Tw=1964K MG 505 (e PHEAI D ITHIRIC L D), S HIT Th
=1964K & L CRIAEAZMVIRT & Th=1964K & 72> TR T 5, 910

(2) P AFNLx—F L (CH3-O- CH)IZIIT 5 HRWr B RIBE T
F T, VAFALTZ—F (CHs-0- CH)IZI T A BERWTECK KIRE T % I
XA HWTEE L7, EIEEIT 289[Kd/kgl & L. 52 B n % CHs-O-

CHs + 3(02+(0.79/0.21)N2)=2C0O2+3H20+11.29Ny £ 7= F I & it £ 2 JE %
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21vol.% % & L7z,
FROIIICERELMBYIELAT O &, BT Th=24T9KINH 5, Hi
WTYELZ B ST THEEZITWV., £/, FHKBEIRE 18%I22W\ T H[H
HOFR 2T o7z, Fig.34 ISR AT, ABEER L 72BNV Th 2
DTEERITRE S, £, EBRITRBIOTERREEILH 0 272 EFEDRREE
T & 1ZH 72 5, & 51T 2000K LA OBk 5155 C I EVIERE O 23 H T <
LT, WAZEKEREIEE 21 vol.% & 18 vol.% TIE R X 72BN E L & T
kD, ULaLaens, #E# M <k DME BNEmMERETHD L) =
EIMBETTHLINEENELTWND EEZIOND, TV ARERTIIESE

WA A Y B ¢ =0.6~0.8 D T o7z, W1
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3. ERBER - BEE
3—1 BWEMRK (FOonRy, A4 >, DME)
83—1—-1 RBREHBRBEER

Fig.14 (2, KERTEHE LN A X, a0 BX N DME—2XES
[OYEWLIXT D, BEBBEEZ7RT, ZOMNLH LRI I,
AB v TaNRr—BRRAGRERA VTS AICIE, REBREE )Y &t
O=1.1~12 fFirTHRR LR, HEAL ZOCBERBEMUN~DOBITIZHE > TH
P LT D, ZhE, o U o XA RIOERER e ZOREMEEE (R T
80mm, JEAMELL 10 #2EE) THOLNLTWARR L —FHLTHY P, A% T
BI%E S o /MR EMfEEICB W TS, RERRESAELA TS Z
EMbND, —FH, DME—ZEXIEAKIZ OV T WRIGEE 1723 4 & b @

B 5
=I5 fETRRER>TWD, T2 T, IERBEENDHE LN D Y &R

ANSY

Him B bR ~BIT T 2013, BB O BICLI2bDTH D &

/EDAE\j/)j/l/éo

3—1—2 XNREEBRE

Fig.15, Fig.16 &, Y a Xy —EKEEQAMNAZ —ERBERDY
BT D KREIEHE GKIE S 4nm & | 8mm O] TH 572 X[
KRIGEERE) Z-T, TORNPLHLNR LI, DT v BRI Y
AL ATBT D RERIEIE I O%A LRI K ARBIEREE TS &
d=1.2ffxTHROLNATEY IRAEEMREELZHNCHAEICBWTE,
A AT —TEICL Y AREFOBRMA+oAETHDL, 22T, 56
NI R K RABTEREICHF B L CH DL AN S 1A 55 1 oo 4 B FR 24
[EldR% (1500rpm @ EffE b 10 FREE) THEL ATV SRR - RAVEERS 2 v

TS ADT oy —ZER5RERDKREEERELY 15%RER D LT
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Do THITPNREEBICE W TIX, BESEFERICEZ2BHLICERL TWD
WL HKERBIZBWTHZORENIEAEL TWVWD I EITIEFITHEEN,
Fig.17 |2 DME— ZEXIEAR D KRIZEEE L ~T, Flo, SBBHER
Z g9 5 72 12 Fig.18 |2 4mm-8mm X[ D 7' m /N2 A & o KT DME
—EXKIEER[DKRBERELZENEN T, ZOMMPLH LR LD IT,
DME — ZEXREK D K REBIFEEEIL T m RN  AZ TR D E SN
ENH D, £7-. DME— ZEXURA R D K AT B O Fe KA LY & D
=AM THRONTEBY ( ERBEE T ORKRIETH 5 U8 ¢=1.5 21
WZ ENTDD,

8—1-3 KREBEERELILER

Fig.19 (Z/NEBE O K RARTRHEAT I O KRBT EE O LALEIA % 3
T 27-0c, 70 RURAY —EBRIRARDOEYEILITHT DK
LB R E AR USRS 8mm & 12mm T S AU 72 K R AR 7K 3 FE / 5 K i
225 4mm & 8mm THONTARIEHERE) 20777, ZORNLH LN X
N, KRBIEEATICE D, Y EE O =0.8~1.2 FBE CTILTKRGHREEE
TR 20%RRERA T 503 il K O iRl ~ 02 & OBATICfE-

TEAERITRAD LTV D,

3—2 DME—7ONY—ZEEER
3—2—1 BREBREEH (BRIEYEHLTIL)

Fig.20 12, BB OREE AL RIEY &L O=1.1, 1.3, 1.5 OHFAH D,
DME D4 4 & T %3 2 F @ R BE I+ 1 e O DME— 7' 1 /X U —ZE2 R A &

R
)
ﬂ*

ODEEREBEE N ZZNETNR"T, TORNLHL NI 1T,
X912 DME—ZEXEAXE AW = R BE I ) D B KAE X

IS
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EIEO=1.5 M THEINS, — 5. DME—7 X —ZE5RA% % A

WA, Fl— ORFELYEHICB W TIZ. DME— 2R ES X O M H &
HAETIZIE—EfEEZ & Y DME— ZRIEBE R DA EHEA~DBITIZE -

THETTIEEHDN, BRLTWD, ZiLiE DME— ZEX% iR A 5D A EAR -~
DBATIZHE ST, 7o/ ORMBENE K L2 S8 KRIEEN
minLz7=vs:E2xo65,

3—2—2 NREGEEHEEE (RIEJELLER)
Fig.21 & O Fig.22 IZ DME— 7m0 — 25 B AR DORIE Y &H d=1. 3,

1.5 T?D DME O &4 &% 9 5 4mm-8mm X [#], 8-12mm X [# TH H 4L
TEKRIGEEREZZNEN AT, ZORPEHALNR IS, FKIENS
O B DRI > TRRABTEHE LA L TWDZ N0 D, BiEY
L P=1.5 2B L CTi%, DME ¥ & O RN TRREREHE N KL,
FTaRORMEOERLTL 5 DME Y®HEOGFEMTHLETTH D
INKRAGTEREDOMA A 5N D, HiEY &L e=13 (ZF L TiZ. DME
BREEOAEM, 705 7 v /S BN O RIS > TR RASREIE 23
HERLTWDZ EB s,

F7-. Fig23 IZ DME— 7 u /8y —ZESREXADOBRIEY &L O=1.1 TD
DME O Y4 &HICx T 5 Amm-8mm KM O K REHFHE Z/rT, £ LT,
BRIEY B 2T 25 72012, Fig.24 (2 & FAE O 4nm-8mm X[ 1235
7%, DME— 7 /Ny —Z2GREAKROMI L& P=1.1, 1.3, 1.5 &L

JROEY BT T HAREBEEEL =T, Z
DN O LI, RIEEYELO=1.3 TAREHEEEITHK

ZJT
F

7354 D . DME— 22X ES

BaRAS

=i
&>

STWb, Tbb I, 7o /R IRmINC X 2 REERIEN X, B 7e#
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BURLENPFETLIILEEZTRRLTEY | SBFMIHBFT LTI TETH
Do

3—2—-3 KXREGEHEEELLE (RIEXHSLLEL)

Fig.25 I FEY EL O=1.3 L O®P=1.5 TD, DME O Y &Ik T 5
KRAGTE R EZALFE GRS 8mm & 12mm T S L7z K RARFEHE /
ROKEEZND Amm & 8mm TIF LN T K RIGIEEE) Z2-d, ZOMNPLHL
ML DI, RIEYEKO=1.5 OKREHEEELEIL, &SR A
TTIE—EMEEID b OO, iR M, AEROBITIHE> THA L T D,
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Abstract

Recently, as the environmental problems become more serious, the gasoline engines
need to achieve the low emissions and low fuel consumption. Several techniques for reducing
the emissions from gasoline engines exist, such as EGR (exhaust gas recirculation) and
ultra-lean combustion. Nevertheless, only very limited information is available for reducing
the emissions and fuel consumption of small gasoline engines (50-125cc). In small type
internal combustion engine the combustion chamber shape is very compact and there are high
heat losses.

In this study, small type rapid compression machine was newly designed and developed.
Using this machine the experiments have been carried out to obtain essential data on
combustion characteristics of propane-air mixtures influenced by high heat losses. Maximum
burning pressure and the flame speed of propane-air mixture have been investigated. The
travel time of flame front is measured by ionization probes located at different position from
the ignition point in cylinder head. The main conclusions are as follows: 1) Maximum burning
pressure of propane - air mixture is observed in the vicinity of equivalence ratio ® =1.2 in a
small type internal combustion engine. 2) The flame speed of small type internal combustion
engine is influenced by high heat losses in initial combustion stage. 3) The flame speed
decreases with a shift of lean side or rich side of stoichiometric propane-air ratio.

Keywords: Small type rapid compression machine, Spark ignition engine, Flame speed, DME

1. Introduction
Combustion characteristics of hydrocarbon-air mixtures and dimethyl ether (DME)-air mixtures
at high temperature and pressure are very important for predicting the performance of compression

ignition engines and Homogeneous Charge Compression Ignition (HCCI). Some data are available on
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the combustion characteristics of hydrocarbon-air and DME-air mixtures in internal combustion

D- 29 and many researchers have carried out computer simulations to determine the

engines
combustion characteristics of internal combustion engines and HCCI engines.”” > © The release of
NO,, SO,, HC and CO, from internal combustion engines is still a major issue in the development of
modern engines. Especially new concepts like HCCI is developed, detailed information about the
pollutant formation is required. However, the experiments of actual standard engines are generally
very complicated processes including the residual gas of last cycle and the flow in an engine cylinder.
Thus, experimental data measured using actual engines become unreliable.

To obtain the essential data on combustion of hydrocarbon-air, DME-air and
DME-propane-N,-O, mixtures, the experiments have been performed under conditions of high
temperature and pressure, which are achieved by a spark ignited small type rapid compression
machine. Under these conditions it has been possible to obtain the fundamental combustion
characteristics of such as these mixtures for the maximum pressure and flame speed for the fuels
studied.

2. Experimental apparatus and procedure

Figure 1 shows the small type rapid compression machine employed in this study. This rapid
compression machine is consisted of one cylinder, acting only one stroke. The bore of rapid
compression machine is 39 mm and the stroke is 41.1 mm, this machine is rapidly driven using driving
motor and the average polytropic index is about 1.30. The compression ratio is about 10(constant). A
spark plug, a pressure transducer (Piezo-type) and ionization probes are equipped with combustion
chamber. The flame speed S; is measured by the ionization probe located at two different positions
from the ignition point of the combustion chamber where the pressure rise is less than 5% of its final
value and the pressure is nearly constant. Methane, Propane and DME gas of 99% purity are used as

fuels and a mixture of 79% nitrogen and 21% oxygen by volume is used as a substitute for air.

Valve

Intake-Exhaust valve

Fig.1 Small Type Rapid Compression Machine
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Figure 2 shows the diagram of the control system. The experiments are performed in the following
sequence: By closing the manual main switch, the electric delay timers are operated to move the
connecting rod by using driving motor and at the same time the compression piston in the cylinder is
actuated by the connecting rod and after delay time the ignition system is operated. The velocity of
piston movement is about 1.97m/s (corresponding: 1500rpm) and the travel time of flame front is

measured by ionization proves located two different positions(4-8mm, 8-12mm) from the ignition

point.

BATTERY
TIMER
L]
: IGNITION 20000
colL ]
i = =il
SUB
| SWITCH
| ]
— MAIN SUB
SWITCH  SWITCH
Fig.2 Control System of Rapid Compression Machine
3. Results and discussion
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Figure 3 shows the flame speed of main jet #72 under driving test for no load against oxygen
concentration, respectively. From this result, it can be seen that the flame speed decreases with
decreasing oxygen concentration at any engine speed.

Figure 4 shows the mean rate of pressure rise of main jet #72 under driving test for no load
against oxygen concentration, respectively. From this result, in low engine speed, the mean rate of
pressure rise of oxygen concentration 19% and 17% are higher than oxygen concentration 21%. On
the other hand, in high engine speed, the mean rate of pressure rise of 21% is higher than that of
oxygen concentration 19%. And oxygen concentration 17% can’t be obtained.

Figure 5 shows the maximum burning pressure against equivalence ratio for propane-air,
methane-air and DME-air mixtures, respectively. From these results, it is found that the maximum
values are obtained at ®=1.1-1.2 of equivalence ratio for propane-air and methane-air mixtures. On the
other hand, for DME-air mixtures, its maximum value is obtained at ®=1.3-1.4 of equivalence ratio.
This fact can be readily explained by considering the effect of thermal dissociation.

Figure 6 and Figure 7 show the flame speed of propane-air and methane-air mixtures against
equivalence ratio at two different measuring points, respectively. From these results, it can be seen that
the flame speed decreases with increasing the distance from ignition points for ionization probe for
propane-air mixtures and methane-air mixtures. Furthermore, its maximum values are obtained at
®=1.1 of equivalence ratio.

Figure 8 shows the ratio of flame speed as a function of fuel properties. The ratio of flame speed
R, is given by

R,

_ S' (8mm,1 2mm) <100

S, (4mm,8mm)
where
S;: Flame spread speed between 4mm and 8mm from ignition point

S’1: Flame spread speed between 8mm and 12mm from ignition point

As seen from this figure, the ratio of flame speed is relatively larger of propane-air mixtures than that

of methane-air mixtures.

61



25 04 + Propane-DME
m Propane-DME Overall
'E Overall Equivalence 0.35 * ¢ Equivalence
= 2 Ratio ¢=1.5 * > Ratio =15
o — 03 o (4mm—8mm)
5 © DME v . — Approximation
a f E025 Curve
3 1.5 < (4mm—-8mm)
5 © 02
E 4 — Approximation 'ﬁ
5 Curve £ 0.15
"2 n (Propane-DME) S
H - > 0.1
% 05 = /' — Approximation
Curve 0.05
= (DME)
0 S S 0 . . . . . . . . . .
05 06 07 08 09 1 11 12 1.3 1.4 15 16 05 06 07 08 09 1 11 12 13 14 15 1.6

DME Equivalence Ratio ¢ DME Eauivalence Ratio &

Fig.9 Maximum Burning Pressure Fig.10 Flame Speed

(Propane-DME-air mixtures) (Propane-DME-air mixtures)

Figure 9 shows the maximum burning pressure versus DME equivalence ratio at constant
overall equivalence ratio (®=1.5) of propane-DME-air mixtures. The circle symbol line is not the
blend fuel (DME-air mixtures). From this figure it can be seen that the maximum burning pressure
increases with increasing the DME equivalence ratio at same overall equivalence ratio.

Figure 10 shows the flame speed versus DME equivalence ratio at constant overall equivalence
ratio (®=1.5) of propane-DME-air mixtures. From this result, it can be seen that the flame speed

relatively depends on the ratio of addition of propane-air mixtures in the blend fuel mixtures.
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— Approximation
Curve
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0.1

0 10 20 3 40 50 60 70
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Fig.11 Ratio of Propane Addition

Figure 11 shows the flame speed versus ratio of addition of propane-air mixtures in the blend
fuel mixtures. From this figure it can be seen that the minimum value of flame speed is obtained at
30-40% of ratio of propane addition for propane-DME-N,-O, mixtures. It is interesting fact that the

ratio of propane-air mixtures is a very important factor to achieve the improvement of flame speed.

4. Conclusions

From the experiments on combustion of hydrocarbon-air, DME-air and propane-DME-air
mixtures under high temperature and pressure using small type rapid compression machine, the
authors can lead to the following conclusions: 1) Maximum burning pressure of propane - air mixture
is observed in the vicinity of equivalence ratio ® =1.2 in a small type internal combustion engine. 2)

The flame speed of small type internal combustion engine is influenced by high heat losses in initial
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combustion stage. 3) The flame speed decreases with a shift of lean side or rich side of stoichiometric
propane-air ratio. 4) The minimum value of flame speed is obtained at 30-40% of propane addition for

propane-DME-N,-O, mixtures.

5. References

1) T. Kawakami, S. Okajima and K. linuma “ Combustion Characteristics of Hydrocarbon-Air
Mixtures at High Temperature and Pressure Achieved by Spark-Ignited Rapid Compression
Machine” Archivum Combustion, 6, pp.191-199, (1986), No.3/4

2) A. A. Boretti et al. “Experimental and computational analysis of high-performance motorcycle
engine” SAE 962526. (1996)

3) Paul. A. Williams, Martin. H. Davy et al “Effects of injection timing on the exhaust emissions of a
centrally injected four-valve, direct-injection, spark-ignition engine” SAE 982700. (1998)

4) Y. Ishibashi, “Basic understanding of activated radical combustion and its two-stroke engine
application and benefits” SAE Paper 2001-01-1836(2001)

5) S. Morimoto, et al “Operating characteristics of natural gas fueled Homogeneous charge
compression ignition engine (Performance improvement using EGR)”, SAE Paper
2001-01-1034(2001)

6) R. D. Wilk, R. M. Green, W. J. Pitz, et al “An experimental and kinetic modeling study of the
combustion of n-butane and isobutene in an internal combustion engine” SAE Paper 900028.

63



Coamshaf®

Fig.8 Small Type Rapid Compression Machine

64



VALV

Fig.9 Combustion Chamber
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