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Abstract

Abstract

Petrochemical fuel is not a renewable energy and it could not afford the power for
the development of global economy, science and technology for ever. The study on clean
alternative fuel which could substitute the petroleum and fuel deriving from it, has been
an important measure for enhancing the security of energy supply, reducing pollution and
dealing the problem of climate change with the considering from point of view of
sustainable development and energy development strategy. And it has also become a
hotspot which causing great attention.

Dimethyl ether (DME, CH3;OCH;) is the simplest aliphatic ether. It has no
carbon-carbon bonds and has a high cetane number in the range of 55-60. It can be mass
produced from natural gas, coal or biomass, and so on. It is reported that the lower
hydrocarbon (HC) and carbon monoxide (CO), none particulate matter (PM) emissions
could be obtained in DME combustion due to its special chemical structure and physical
behavior. These properties make DME be regarded as one of the most prosperous
alternative fuels in diesel engines and has already caused many attentions. However, its
unsuitable combustion can make the emission of unregulated pollutants in diesel engines,
such as formaldehyde (HCHO, is an carcinogen), acetaldehyde (CH;CHO), methyl
formate (HCOOCH;) and so on. Those unregulated pollutants would accumulate little by
little and do harm to the human health when DME are used as the alternative fuel on a
large scale. Today the environmental protection become more urgent and automotive
emission exhausts tendency become stricter. The application scale of DME was restricted
because of those unregulated pollutants. The studies on combustion characteristics of
DME . formation and consumption mechanism of formaldehyde and controlling
technology of reducing pollution are more important and should be an emphasis in the
fields of DME research. The results of those studies would greatly promote the

development of the using scale and fields of DME, the design of DME combustor, the
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pollutant controlling technology and optimizing the combustion characteristics of DME.

In this paper, the DME premixed combustion characteristics . formation and
consumption mechanism of formaldehyde and other correlative pollutants are
investigated in detail via the numerical simulation of chemical kinetics mechanism and
experimental methods. The formaldehyde formation and oxidation characteristics of
DME premixed gas in low temperature and characteristics in DME/LPG premixed Flame
were also studied according to different using fields of DME. The detailed works in this
paper are following.

The experimental device and method of measuring formaldehyde concentration and
sampling in the flame were first built for study the combustion characteristics and
formaldehyde formation in DME premixed combustion. The results show that DME flow
rate and the fuel-air equivalence ratio greatly affect the combustion characteristics and
formaldehyde formation in the flame. Formaldehyde is an important intermediate product
in DME combustion process. With the increase of DME flow rate, the area of
formaldehyde formation become narrow in the flame and the peak position of
formaldehyde concentration is gradually moving to the fuel nozzle surface in same
fuel-air equivalence ratio. The peak values of formaldehyde concentration in different
flow rate have little difference. Formaldehyde is consumed rapidly and its concentration
almost decline to zero in about 0.1mm after forming the peak value. With the increase of
the fuel-air equivalence ratio, more formaldehyde and the higher concentration were
formed, and longer distance in which formaldehyde was consumed is needed in same
DME flow rate. The distance of formaldehyde consumption from the peak value to zero is
about 2mm in the equivalence ratio 0.8. It is bigger than the distance which is about
0.1mm in equivalence ratio 0.6 and 0.7.

The numerical simulation of chemical kinetics mechanism in DME premixed
combustion was carried out. The results show that the main reaction paths of DME

oxidation include high temperature pyrolysis and oxidation of radical CH;OCH, which

VI
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was formed from the dehydrogenation reaction of Dimethyl ether (CH3OCHj3). The
dehydrogenation reaction is mainly taking place in LTR area (temperature below 800K).
Both high temperature pyrolysis and dehydrogenation reactions play the leading role in
HTR area (temperature above 1000K). The formaldehyde formed from pyrolysis and
outer oxidation of radical CH;OCH,. High temperature pyrolysis of DME becomes the
main production path of formaldehyde forming in high temperature reaction area. The
formaldehyde consumption mainly takes place via the oxidation reactions with radical
OH. H. O or CHs. The oxidation reactions of formaldehyde consumption with radical
OH. O play the leading role in DME combustion. Therefore, the key measure of
controlling formaldehyde emissions is to accelerate the consuming reaction of
formaldehyde in DME combustion. The effective technology such as optimizing the
combustor structure to enhance the temperature of DME combustion, supplying enough
oxygen in combustion area to accelerate the consumption of formaldehyde, should be
taken and it could help to achieve the zero emission of formaldehyde.

When DME was used in diesel engine, the resident time of DME fuel in the
combustor is too short to emission some unburned DME fuel. For understanding the
behaviors of those unburned DME fuel with exhaust gas in low temperature, the oxidation
characteristics of DME premixed gas and formaldehyde formation mechanism in low
temperature(T<800K) were studied. The results show that the oxidation reactions of DME
start at the temperature about 200°C. The oxidation offspring formaldehyde was mass
produced in the temperature range 200~400°C and was difficult to decompose. The
temperature of engine exhaust gas was commonly among the range 200~600°C which
could easily form the formaldehyde. Therefore the unburned DME fuel would take place
the oxidation reactions in low temperature and produce mass formaldehyde which is the
important source of formaldehyde emissions in diesel engine. These results would offer
new reference for controlling formaldehyde emissions when diesel engine using DME.

DME could partial substitute other petrochemical fuel and be used as mixed fuel.

VIl
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The formaldehyde formation and combustion characteristic in DME/LPG premixed flame
were also studied. The results show that there exist an optimal mixed proportion of DME
and LPG fuel in mixed combustion when the DME flow rate and the fuel-air equivalence
ratio was constant. The combustion characteristic of mixed fuel was optimal and the fuel
takes fire ahead of schedule in the optimal mixed proportion. The formaldehyde was
mainly produced from the oxidation reactions of DME in the mixed combustion.
Therefore, the key measure of reducing formaldehyde emissions in DME/LPG mixed
combustion is to accelerate the complete combustion and oxidation reaction of DME.
These results give important reference for using the mixed fuel of DME and LPG.

Clean and high efficiency of combustion is the key tasks to decide the using range
and field of the DME. The studies in this paper discuss and investigate the clean and high
efficiency combustion of DME in different using aspects and fields. These results give the
experimental reference and academic guidance for clean and high efficiency using DME.
reducing formaldehyde emissions in DME combustion. developing the new combustion
technology and designing the new combustor of DME. This paper also achieved the
innovative results in fundamental research of combustion characteristic and controlling

formaldehyde emissions in DME combustion.

Key words: alternative fuel; Dimethyl ether (DME); combustion characteristic;

formaldehyde; oxidation in low temperature; unregulated pollutants; mixed combustion
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Table. 2-1. The standard liquids of colorimetry

(ERs 0 1 2 3 4 5 6
FE (5.00pg/ml), ml 0 0.2 0.8 2.0 4.0 6.0 7.0
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Table. 2-2. The absorbency results of standard liquids

P VAR S ng/10ml RSN =18 i
1 2 3
0 0.009 0.011 0.024
1.0 0.032 0.038 0.046
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ARSI R KA R R R VA AT S R T

D) RIGE R R CRFE S N S, BEN AN 30ml 25857 K
(e~ ORLSHEH R i LR O Bl 25 25 K sE A lies JErb o R UR A 35
FAEFE 0. 51 /min, SRAEENHE Smin;

2) BRI HS DM (WRIBGBAABIN A IR 25 251 /K e <O 5-6 Ik, Fifi
B P AR Vi CRSEE R 100m] )

3) B (R A E AR Vo RS2 2 10mD),  IngsE il 0. 25% 215
N HAVAV 2. Oml VRA), B THKHE (50~60°C) InFA 3min, HUHIA A

4) FEWHORVS N 45min Jo, LB TRKASILE, BRI 4130m 4
lengguang-722 M43 G FEVHIN 58 A EIBGRIKIE GRS v, JUTEURER S R o e 7
i x (ug) Ak
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=y-a Vi (2-2)
Vv

5) HUKIET L Teo SREEWFR] t MERARAUE qn T HEERAERIE R Ve, 3L
Vi 3K 2-3 HEON SARBRHEIRZS R IR (0°C, 101. 325kPa) , ZH Pm 4 BTl fA
PURIATDR s g, ASSIE IR A s 5

V. =g xtx2.694x 1013251 ) (2-3)

" (273+T,)

6) 1 il A 21 AR F R o 5 x AT A B ROARHEARAS T BOHE <
BV B30 274 TSI SO R C (mg/m"), IF It 2-5 EIRRABIRA
R ) ppm IR BEARL, RS BT I P IR R SEARHEARES R K ppm RS
{E.

C=— (2-4)

30.026

e, HBMRE S AE R RNIKZR R, R THEE L IS N 2 ke 4 (e
BE b, SXEEREE KOO U i e, A2l s a5 A, DRIk, AEBOREE b
AR A IR, IR BEANR IR EAE 105°C, DAGRUEMH TR RIK
RN R R, A SRR DE U

i

2.1.3. MEREKREMNETZNESE R EERERI

g T RN BT ST ke R N R R ] B AR, S B 56 2 YRIIR T 7E DME
KA ] — 7 B P EE, S28 b DME & 0.06L/min, 4L % 0.46, HUFE
A7 B AR BRI 1 2mm Ak, SEEG 2 Ak 2-3 B,

R 23 G A A B PR R B R AR (BT 2mm)
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Table. 2-3. Results of same location (2mm)

A=) WL (A HEES & (ppm) AR ZE(%)
1 0.313 337.6082 1.179
2 0.294 315.9856 7.508
3 0.319 344.4364 -0.820
4 0.327 353.5406 -3.485
5 0.323 348.9885 2.152
6 0.324 350.1266 -2.486
7 0.3 322.8138 5.509
8 0.34 368.3351 -7.815
9 0.315 339.8843 0.512
10 0.320 345.5744 -1.153
11 0.321 346.7125 -1.486
12 0.3 322.8138 5.509
13 0.319 344.4364 -0.820

IS KT, FRRE A 7] — (AR e e KA R 2 7.815%, K%
BHADNRZEAE 0.5% ~3.5% 2 10), RS R YA e a N, KYsEgd
FAEST IR Kt I vk IR ) A W] A2 I

SEIIEAE R — 00 B 73 HEAT 1736016 a2 P I S ) R = £ i vk P UK
FEN &, IOk Agilent 6820—GC, S5 1044l DME FHVEV-1HI KA, DME it
0. 088L/min, JRRLMELL DA 0.6, WELERAIE 2-3 Fron. BT iEdE oy LU
H, PRI VA 4 RiaF e —8, Rz N T 16%, I 66 AN
PRS2 SR AT A2 11, 70 )i 2 S0 Pk SR P X A v A T P AR S )
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1100
r ©=0.6 OWE=IJ.088L-‘min
1000 ” I\ —@— Result of gas-liquid chromatography
900 |

;’I \ —A— Result of spectrophotometer

L / /—\‘m
800 - / \f_\.

F / I|
700 | / d@
600 | / \
500 @ / w
ol & \
300 | |
200 | | \
100 |- |\
ol Nop—p—0p o 0

M | " 1 L 1 L 1 I | " 1 i 1 L 1 n 1 i 1 L 1
05 00 05 10 15 20 25 30 35 40 45 50
Distance from fuel port(mm)

Kl 2-3. 430 Bk AR (LS R
Fig2-3 Results of the gas-liquid chromatography and spectrophotometer

Concentration of formaldehyde(ppm)

2.14 KR EMBSHBERENES X

KIGTFABLL T Oy COp SF IR LI IR FA I, AR — AN hefr ik
JBERIURE (1) T2 J5 8 HORIBA-PG250 M/ M ASCHEAT A 2l &, W15 R4 93Tk 5
HTHMBI 3, SR T KBRS HE WAR 2-4:

* 2-4PG-250 FEH RS

Table. 2-4. Technical parameters of PG-250

NO: b7k J6i%E(CLD)
W i CO. CO2: ks (NDIR)

02: SALES HLth(ZCM) R FELTB I (GCM)

NOx: 0~25/50/100/250/500/1000/2500ppm
i CO: 0~200/500/1000/2000/5000ppm
CO2: 0~5/10/20vo0l%

02: 0~5/10/25vol%
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I 0.5% F.S.(CO=1000ppm. NOx=100ppm)

1.0% F.S.(HAhyE )

I 1~2ppm
iNgEST ;- 0.4L/min
W 3V 1 ) 45 7L

2.1.5. RIEhRERNE

AL E TR IR e A A o SEEIG H SR A IR B AU Al (1158 30— %k
6), Wik bR 2073K, i FELAT ZE v HEBEAT LI eI &, A IRAT 8T3K~2073K
T P IR ZELE BK ZiA o KA AR e fE S AL b, AR AR 2 5 JOETIEAT, X
PEYRIE 7R = AR A AR AL b SR I P ) S SRR 0. 2mme KRR
PSR AME TN B B LS R OGR (R iR D e gl Bei%), RITAT &
HKIATE S AL IR A . AR R R IR AR DGR A PR W] P2 (1) XMT
TOBUE R AR o IR A JEILBET Ak T mdl X (¥ R LA 25 1 AL
DX A A, A e A R S P SR S B /s (3G R T R L S,

B o MR A AR TAR 1, A& 1 28 5 nT T sk A e A B i e 5 AR 15
& C T Tw
T, =T +1=° L) — 4 (2—6)
(=l [(100) (100)]
A

I— KIGFSAREE, K
L= KIGEIRE, K
ey — LRI T R
Co—H ¥, 5.67TW/(m>K");
a — MK R TR RS, Wim®. C)
L — g
AR IR T RS R HL & o PTARAS R, EANTFTT I, 0220 FARTAT T4
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WAL, AT LLE RGOV S S  R i R HAR B A

A K Ranz —Marshal DA .

Nu, = OQDS —(2+0.6Re, 2 Pr'%) (2—7)

9

A N —— NS5 RE CRSERRH SR 3. s
A I SEA RS, W (' C)s AL 0. 89)

DAL FLAR (923804 0. 3mm) 5

Re——LAH ALK FL A% Ds A MK B0 3 T 4
Pr—— M BT 2L

i3 PAEJRLE T DG I AT B R A TR IE, SR 4 IR AR R AL SR (1)
HfH.

2.1.6 SRIG SR L iz

S0 R PR B L RHR UM A IR A R A, IRRHAERE KT 99%.
RN, o0 B R A Ak, R, R AR AR
I ER ARG R BOEE FRE T TR, SR E R R

iR, SRR R S S B 2-5 P

* 2-5 SIPTHIR RS M

Table. 2-5.Models and parameters of flowmeters in experiment

RSy AFRIEAE (mm) U= e | i P8 S
LZB2 02 6-60ml/min 4
LZB3 ®3 0.03-0.31/min 4
LZB3 ®3 0.06-0.61/min 4
LZB4 4 0.016-0.16m’h 2.5
LZB4 04 0.025-0.25m’/h 2.5
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W VHAEAE I, R AAFIRZSAEAL S vh o0 BEIN IR AR AN A, AL,
A YIRS BRI T s (AR R T A AR R S, B AN 7R (A A
I RRARNRGS A TE I, SRAFIEMIMG R . B IELBIRS D B HE, BIER

Baw/ 1
Q [ rRT,Z,
Qw-_wpw%E;w (2—8)
EiVELP
Qe — LA FAMAME L AR R, Limin;
Qeo — W TIEARRYL FhisE J5 A2 1, L/min;
Pov Pov To—FRENMT (ZF0 TEAREIRA FIBRE. ). 4
Pgon Pon Ty —FRUBIRZS PRSI E . ARG P I SRR 40
i EABARES RIS PR 40 %L -
Zoo — WM SMAERRUEIRAS T 1) P2 R AL
Zy — WM SAAE LARIRAS T 10 IR 48 R4
—fRUik, ERIER, JRME AR AR, RSN, R
Wi ] 20 s AR A R A s, PRI S g R s ma s m] L2, 3XFE (2—8)
AT LA -

Q _|p

Qg0 Py (2—9)
RITE S AR 23S AE B ORISR 1088 B it ) LR S 1E S5 1 SEBriit i . 83

T H T T R S 2 18 1E S Y B S
2.1.7 KaRsNE

X KIGTEATIWEE R CCD BEATSR M S, LEAHITH K H 1) )2 Je JE D80 (Nikon
D8O) FhUAHNL, ARG ZE A 1020 J76
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2.2 Z BAEEE A K PR
221 R TIR

SEIG B ST T RO KA AR R ST, SEEG R R Tl Nk 2-6
Frox, Horp — TIOR8 0 22 LS 1T HY Vi

* 2-6. TR RGeS0 T4

Table. 2-6. Experimental conditions (room temperature: 298K)

Air flow Flow
DME flow rate
T Equivalence ratio(®) Rate velocity of
(L/min)
(L/min) fuel (m/s)
1 0.6 0.072 1.7584 0.2564
2 0.6 0.088 2.1492 0.3135
3 0.6 0.104 2.5399 0.3703
4 0.7 0.104 2.1771 0.3194
5 0.8 0.104 1.905 0.2814
K vE L o it E T
4= CRRRL e e I s BRR 7 D) (2-10)

CSERFrfitgh =R m)

2.2.2 JRELRUE X — R B R IR RS RO 200,

D RIS 73 A1

K 2-4 ZAEBAA M EHEE N 0.6 B, KTV UM 3 8 I s ) K A I A
R 2-6 R LA 1. 2. 3,
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TR - 0.2564m/s 0.3135m/s 0.3703m/s

2-4. AR T B KGR
Figure 2-4. Flame shape at different DME flow rate

MBI LUE RS AR = 78 R S m, 2 AL
FLI I, 72T 0.5mm A BT FBEUE (-1 KA, IS S e i1
SRR TR LR SRR L AL TP HRIRES, KU RRA RIS KB IEF AR RS HCEE T A
Y BRI G ORI R, FEAN RN X TG B OB, AT ARSI A
T ) AR A S, SRR I A — AN KT 1~3mys'. BHILAEE 2-4
B TR TSI, D TR E IV K AE, KGRI IR s th 2
BN, AESE B ARIRI T AR B, ST BT 1 AR R AR e, BED KA
BT R O A2 ) o

BRSBTS R, MRS W To Thiaiy, KAGERBIRE S, IR i,
R AR A S To (I S KA T W00, B2

T =TO+£ (2-11)

Cp
P Cp MBS EIE, Yo JIREIITE AR, Q MRS, T KRR
W T BTN, LA S NEER BN, AR JOEALARTE S, 80, To 5 S,
IR RATHAR AK 2-12 kFoR, K n=1.5~2.

S, ocT, (2-12)

HI S48 RRRIBE L8 2 FLA B 2 L9 JBOR AR IRRL AT S 1R P4
PERL, BT DURRRHE &8 1 AR S B s 7N R S ORI AR TR PR 175 0
N A KIGUETHBEE ORI 11, s 2 FUBR B T i i, RIS 22 4L
JR I ARCR BB 2, ORI MR BT, X — AR 2-5 KIE AN R
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A _E S R R A i A

1300

1250 |-
1200 |
1150 |-
1100 |-
1050 |-
1000 |-
950 |- ®=0.6

900 |- —H— Vq1 = 0.2564m/s
850 L —0O— qu =0.3135m/s

L (/ —A—V =0.3703m/s
800 |- a?
750 |-

{00} AP U TR N RN HRPU R R NP EEPUN B B
05 00 05 10 15 20 25 30 35 40 45 50 55

Temperature (K)

Distance from fuel port(mm)

2-5. AT CRTE S Y K A B 73 A
Figure 2-5. Flame temperature at different DME flow rate

M 2-5 FATLAE H, EF- S8, SRR R 0.3703mys I, 7R
H TR A AT =N 0E N v dere,  $EAT 950K, 1M HLBEAT TR & s g,
WORHE A AU LA U BT o ORI & ACRE Jo E N TR XS, i s E T
HFREN ST 5 A7 SN, TR I T [R)IT F  K K it 88 WAL A
MR 2-11, VAW IAEAT G T I R BE AR, PRI EvR &
AU R R I B e P KA TR B AR A, P A Rk K 0.3703mys 1,
JIGEP I B e e 3oL, B e SO HH KA ol B (YU B T 1 384
AN AEAL SR T, 33X R U R AR TR A O — B o T KA R IE L T
WA TR 1.5~2 UO5 %, WERYEARK A5 2-12, ORI I 39 DA A R e
JEREIARDE,  RIAE R 35, RS RN, KGR B R g
.

K 2-5 IERT LA Y, FERAE TP RO &, KB TR e BE AR TR &R
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TR g, R AR MR LEAT R AR D0 R, BORRR AT, ik
G, BT I ) AL ARG b R AR TR AT R Qe BN, Qe UMM, A
TR SRR AL AR TR T, DL R]— BRIt B b n, - Rl — =t r,
KGR R AT B RN & U A 2 BT H

2) KIASE LA

X HUR KT B R R AT e e, A

dT_T,-T,
2-13
ax ( )
m
T
25~ 5,0,0p(T, -T)) (2-14)
FirLA:
Ty =Ty _ £oCPS,(Ty ~Ty) 015
| 7
-
I~ 4 ol _2 (2-16)
pCP S, S

LA, KIS | SRR BOR S a T L, SAPEEIE S R L, th
HIFE KA RRBE IR L Sy BRI, LKA R LB, DNIEAE R 2-4 o, [ LUE BIBEH
BORHE & A PR, AR Sy WERAK, BEmt SO B sg N, BIFE ke
JERIN, KIEIEE T RIAE R 2-4 Pt IR e/ 0.2564m)s 1,
KIGI AR B R

2.2.3 H= L — BB RS FR % B 220

s KIATESFIREE /24
K 2-6 JEAER 2 — H kS 0.104L/min B, DARBRAS Y& LU T KGR A,
R 2-6 HFHT LA 3. 4. 5.
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el @=0.6 @=0.7 @=0.8

B 2-6. AN[A) = LR KOG TRLE 7 Al

Figure 2-6. Flame shape at different fuel-air equivalence ratio.

P E R, BEIIREE b, R TR AU, I, #EE
VT R T A A S AN 15 AT I, e S AT L (R Bt VR 5
TE IR Mg o IR RTELUE Y, BB M5 LERISE N, O B T e 15
RIS LT, 32 DA DA YR A UL ) B AR A SR AT, AT B3I T St
ZAUMRERAER, BRI SR MRAEK 2-12, RRMRER (R FRAR- BUR ke
AR PRI, W DI REAR TS S R, RIS ) AR A A R T
TR K e e I P e B B S b, P S D B 4 L P H T K e e I 3
2L IR
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Figure 2-7. Flame temperature at different fuel-air equivalence ratio

B 2-7 S ANTF 2 bR KA IR e A, IR RT U Y, AERAGE IR Aa b BL
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WEHEBIA 2mm P, B R LI, RS NP BT, I 2T 5
RBRBR M SEAH D (R A, AER 2-7 ThRIV B R 0.6, BERE KN
0.3703m/s I, I B VAR B e s ELBEAE 2 & LU0, VR A i
BEAR, O S et P POV (L s th Bt 2 P AT

PRI KT 2.5mm I, KA R A o0 AT BT B (i, B
RN, #kelnh AL E IR AR HTT R, B RBUA &L 0.6 1Y,
R P PR P LG M i G 0.7 R0 0.8 #B K. /ML R, B DR A 77— e ik
FURIER, BORLE AR g, FERIIAZS 2R LI, wihgin 7 S AL AR I
BHOBUEIRIE, MRl 0.6 I, REMGREER K, SN2 EH T~ KIEm
JARETR L B MR, RIS S B s A, ORI ER IR BORE IS B 22 1 3R,
TR K St LW AR Bty s AR5 M LU, P T3t 1 PR A A e e
JERRAR, AL AR EHERTAAHT BORE I R b, HATIR KT BUELSE thB Ak, Akt
WABeSE,  KIEH RIALSE SN IR T, UL A e, IR RER Y
TRGEHL, AR BUSGR R 2, IR R ERbeb BOs s (At 2, DI
bLds Kol 0.8 I, J KA UL 70 A Bt K F- 24 BE 0.7 INFTRRE 0 A, 3 LE
0.7 I AL EE AT ORI 2958 L 0.6 I RRER 70 A2 2-7 v, =AM R

Ide%%*Hggﬁﬁo
2) X KIERE AR L

R 2-13~a8 216, KIAJEIE | SR BOR M a T L, SIPEEE S
Jl S b, BB 2-6 HH, n] UE BRI A S BN, TR G IR, I
WAREIE Sy IR, BRI SO g I, BIFEIRBEE L /N, O R
KIAEKE 2-6 g MENR TR A 0.3703my/s IF, A S RE(E e, LA
R K.

2.3 — B ERE 1 AT R R HERUR 1

SEIG O IR R TS N, J5IEFE S HORIBA-PG250 AT, 1F
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LT COv COpv NOX WRFESM T, Horp CO EEE B RINE 1 0~5mm P, HHKFE
GHZE KT 5000ppm, R T ARG, PRIH SRR 7R BEAOREE 1 30mm Ak [ 52 7
H &, F HORIBA-PG250 B3 A3l & 1 JLAS 00 R 1K) CO WREE s TAH R K71 2R
BREHBE 1 0~5mm P, NOx WREEENIEEA F#4ERFE Oppm~2pmm 2 [7], ALAIA
AR | NOx A A, IXIEH, — HERREER R/ H NOx 7#4E, DME HAREF
[ NOx WHR M. 2 2-7 4[] — 45 ELARIA— DME e FAEFEBRRHEE 1 30mm 4b
() CO W% .

2 2-7 PR EPRRIET I 30mm ALFE) CO ML

Table. 2-7. CO concentration in the distance 30mm from the fuel port

DME flow rate Flow velocity of fuel CO concentration
Equivalence ratio(®)

(L/min) (m/s) (ppm)
0.6 0.072 0.2564 34
0.6 0.088 0.3135 46
0.6 0.104 0.3703 75
0.7 0.104 0.3194 141
0.8 0.104 0.2814 236

MK 2-7 HRTLAE Y, EFR—2=L 0.6 &A4F T, BEA TURSEMI N, 75
WA b Rl RLEL Y CO PRGN, i WL AU (KBS I A3 Fog i A 58
BB ASK, TR AR L TG D0 K, BRI TR) N RE ARG (R AR
JOCERHG N, X AT ELA I TR] P AR bt ) B AT ) s A ) CO
X e IR BRI B 70 CO SEpiia A, Ay 2 T B RURL AL (1 1
BRBE HRAT R B ) CO RSN .

R 2.7 HIEW LA, £ DME i€, BEHE SRR, R et
5% 11 [7] (o7 B CO RPN, T2 JEAE DME iy, FLrm ]
WREARRBEA IR TR A, SRR b 128U R, i 1 7
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I [8] Y HE IR ISR s BT DME i, SR I TR) p kA% A 1)
RL AN R, FAERRGE A SN A e TR i, R bE h A 2P
b, R GEOR, LIRS TR] A h R R AR, i A
S RRHE KA T 56 R AR =2 1K CO UL 1, 7RSSR CO Pk
SERRMA CO I, FEADEIMEEH CO By 23 KN R . IR+
0 %cd \E7n [ — DME it b, e e, #bedy b A —f & s CO W .

B 2-8 A1 2-9 Ny AN[A) 24 B LU AN [A] — R IR it B 1 K CO, IR Sy

A s

Concentration of CO2 (%)

w
T

V_ =0.104L/min

DME
—Hl—a=0.6
—0—a=0.7

O

4 . i i
-05 00 05 10 15 20 25 30 35 40 45 50
Distance from fuel port(mm)

Kl 2-8. AR LT KIET COy ML (%)

Figure 2-8. CO; concentration at different fuel-air equivalence
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a=0.6
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O—Vpoe = 0.3703m/s)
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& 2-9. AR IR CAUHE N KA COL WL A1 (%)
Figure 2-9. CO; concentration at different flow velocity of fuel (%)

M 2-8 A1 2-9 HRT LA, MBREIGE CHG, COL i EEAMIE N, i HAE K
KRB PRI ETF, PRI SO RIZY,  SE AR i iR bk, B IR A H
A A T B>, CO, IREEARMIAZE, HAEAA. (EF AR T
N, BB R E AL E R COL MR ARSI Sy, FUA S CO WK
JER 2, S FRALIN TR N E NIRRT I BT 3. £E[R]— DME it
FAFT, MR BOR, 7R TPARTRIAL B AU COL IR BEME I, J Pt i L
(38 02 B BN kD, T CO B 580l CO, IMBE B s8n, T LATE
[l — (L R A KK COL IR BER AT, IX AR DME Jiht b 235 LUK Al — ('
5 CO MR BEBOGEARR NI o
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2.4 —FABRRIRHAEE ISR YR BE A E R SIHFE

2.4.1 EARURUER T R B A S IHFE RN
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Figure 2-10. Formaldehyde concentration at different flow velocity of fuel

K 2-10 SEAEREL A EE Y 0.6 I, F% DME Ty T iad R n K 46 v e
WRE 3o BEFT/R, FRECERORHEE CUBETFanr=2E, B (AT L im 38
FEKIATRT RIS — NI EEAE A, SRJEAE 0. 1mm 0 [ PRI BH FE . A et
S A B AT AT, TIRAIE Y 0.2564m/s B ZERRBHEE 13 E D2k 5] 723K,
TR A 0.3135my/s I BRRHEE LIRS A 753K, TRAERALE A 0.3703my/s I,
JORHEE LR EEIS B 945K, R LA H, BORME I 0k ARG o AEAR R 25
PAIEL S Ak Bl T 800K, HEAN T FHIK ) il AU S X, R R A it
it A A TR R Ao TR 2 AUARN I THRBMIOR S22 1 W S 1 A el A
TER, BTRL T EAE 2 AU TR T4 SO, AT RIS Sl 38 1 P s
(A o
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MR LA Y, B TOORCRUE AN TGN, Y A o R U R AR 2 AR
Gyt I RS 7 RS 2y, IR AR TR RS 2 7 I AR TR), SR PR TR <
IR SIS AR LR, AR 1 88 s P LR AR 11 S 30 1) YL S o P 384
T, FRRRARORL /T =l 0L S 28 P e A B v RS2, DALk PR 1) e A S
VIR B IR T 11, A PP A A 58 DA 5 BB TR A0S PO B8 I 1 R
i

TE KU RN — T el S Y (X (>800K) i, FRBS RIS FE S S FTAA AT, A
R T B S v L E A, R SN R KT RS 1 A B S ST, T R A
HHFE, AR — ML N eI R . YRR RS DA ik 3R BE T
WEAE A, RS, A i T RV RE SN, SR AL E AR O B A A3 1)
SPHTAREE AN R, XA R FE TR AU A 0.3703m/s W], 78 5 el B A B I 7 Y
T ¢ P e (R BRI P AN N SAT P U

Pl fEF-—AUE N, PR, AR RO, AR AT
S 2 P VRO BRI B, PR 1 vt AU A S W Xt BRI R 11
3 S0P A RS R WA A KA TRT B T T ik, DAL b v TV I e P A i
{E ARSI IRRHGE L1 ; )RS B2 (388 IR KA BE 1) BT, A s TR <
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Table. 4-1. Experimental conditions

‘ - DRl WTR AP
‘ DMEJi & AR o - i
TH HER TR AEWEl DMEWRJE
(ml/min) (L/min) s

H (m/s) Re (x10°ppm)
1 1 22 0.256 0.034331  26.69633 64.375
2 1 28 0.325 0.043694  33.97715 64.375
3 1 34 0.395 0.053057  41.25796 64.375
4 1 40 0.465 0.06242  48.53878 64.375
5 1.1 34 0.359 0.048544  37.35038 70.36
6 0.9 34 0.439 0.058573  46.04446 58.313
7 0.8 34 0.494 0.065467 52.0401 51.745
8 0.7 34 0.564 0.074332  59.76386 45.95

TP FUR AR W Re A2 LUBRAGIE S 8 N AR De ARRIE R EEIN TR B i g, A
SRR ETTRNIS S s I T S BRIV 03 % 4 Gl N L7 1 1) IO B ) e W A N
25°C, DME #KEEh 25°C I ppm WAL, £t E 0% DME TR /e n#4VE P 55 B
IS TE] A 21-47s0 SR A6 25 a0 — FRESIR T AEAN AL 88°C L 134°C, 178°C,
230°C. 309°C. 379°C. 485 CH4A NREATAAA SN RFIESER:, & 7 IR IE . CO.
CO, SN RFYE, IE6 T 1 BT TIREEAE 585°C . 685°CHI 745°C INF iy I LA K

Foth 24U

42, —HBRKESHEREZINEZE

42.1 ZHBFURSEME TSR T

T A TR AR 88°C ~745°C YU P AU P, Sz i S
MERL R 22ml/miny HE O 1O 1 ASEL, WEAIREST T HAE SR T IR 2
B, B 42 WL T T TR AL R AT, ] 4-3 ) R U
W) HREAE AU S A A R TR A R
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HOCH,OCO=HOCH,O+CO (4-9)
HOCH,OCO=CH,OH+CO, (4-10)
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HOCH,O= HOCHO+H (4-11)
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(HOCHO)U#% H tH2EOH. H. OFICH;SF 48 M A H,OFICOL COy, I I I N 2%
(G

HOCHO+OH= HO+CO,+H (4-12)
HOCHO+OH = H,0 + CO + OH (4-13)
HOCHO+H= H,+CO,+H (4-14)
HOCHO+H= H,+ CO+ OH (4-15)
HOCHO+O= CO+OH+ OH (4-16)
HOCHO+ CH; = CH4 + CO + OH (4-17)
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Fig 4-7 Concentration of CO, (%) at different flow velocity of the mixed gas
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Fig 4-8 Concentration of O2 (%) at different fuel-air equivalence
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Fig 4-9 Concentration of H, (%) at different fuel-air equivalence
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Fig 4-10 Concentration of CO (%) at different fuel-air equivalence
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Fig 4-12 Formaldehyde concentration at different flow velocity of

the mixed gas
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KIGHWETER G, B SRt — RN LPG SRV KIIRBER LA T THESE, AEANAE
RGP X HIE . COL NOx S5 et AR PEREAT T VR I0TiE, JFRHE SR
R K S S5 R AR IR AR AT T 2047

5.1.-BEt 5LPGR A MR s IR

—HERDME)E B ARH AT A RS S WAL b s, A
C-C i, zlike. HIHABEHB IR CLAE SR 25T . W9 Y] DME
5 LPG YMEAIE WL 7R, 72 DME H3 A LPG ] g imil S VB I #VE, & 5-1 0
RS A A R S B

% 5-1 DME 5 LPG 1L F4 e ik i

Table. 5-1. The physical and chemical properties of DME and LPG

k25 — Hfi#(DME) WA S(LPG)
7 CH;OCH; C;Hg. C4Hy
W ri(C) -24.9 42.1
b2z Y kg 5
9.0 15.58
fkg #REL)
RWAYSHIES 55~60 <3
P (kI /kg) 460(-20°C)
IR R A= (MI/kg) 27.6 45.3
FKE(T) 235 470
(%) 34.8 0
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Fig5-1 Schematic of the experimental setup and sampling point
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% 5-2 DME 5 LPG 7RG S50 T (I, ., M= I 0=0.5)

Table. 5-2. Experimental conditions (room temperature, ©=0.5)

o o I o IRARRAL
DMEjii®  LPGiitH® BRI LA FRE REARE

T _ . _ SIETYN
(g/min) (g/min) (Qome:Qrra) (L/min) (m/s) o .

= (KJ/min)

1 0 0.098 100%LPG 3.0674 0.445 4.4394

2 0.0294 0.0686 30%:70% 2.681 0.391 3.9190

3 0.0392 0.0588 40%:60% 2.552 0.372 3.7456
4 0.049 0.049 50%:50% 2.423 0.354 3.5721

5 0.0686 0.0294 70%:30% 2.165 0.317 3.2252

6 0.098 0 100%DME 1.7785 0.263 2.7048
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Fig. 5-2. Flame shape at different DME mass proportion
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M0 HIINE] 50%, KIGBHEELTTET, o OB B PR AE de it 11 5 FR R 2 N

94



ik HEEY LPG SRR M S G E R T AE

0.43mm; 4 DME LUI4REE RS NS 100%I0], KA 3% o syt 1

TRARAEL DME Lufo) 2 i 8 i K AG A, 32 2 R ARV A Rk e [
SE N, DME 35 NG EAL IS ) SRR A P ey FRAIR, S SR ARTR N BREH A
PRI, IR KIS BRI, FE2lE LPG IV, S ARG ok, IR
WSS, TMi4like DME RS GATN, JOARRIG . HRAEIEE LS, KAGIETE
(A% ) 77 ARG RRPE IR S IS, 2 KGR IR SR RRHBE LI, 2 WA
BRI 1 e B K TR AL In i, AT SRR B 7 10 AR
771 R 5l RIS RRREE KA ERHT,  AEA SR TR I TG 5230 2 LBk [ 5
o PIUL/EZRSEL DME U8 0 3931 50%0, MK 5-2 iTEUE Y, KIGE
BT IORHEE 1, RIVR SRR A MR BRI, AR REAF B . 7
DME LB 4 40%A0 50% I}, KAAREIT B ARHGE 1 55 0.45mm ZeAy, IR G
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Fig. 5-3 Distributions of temperature in the flame
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Fig. 5-4.Distributions of formaldehyde in the mixed flame
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T AN A5 R B IGH N B 4like DME I, KA 7= A4 it P P v s R )
BT AR, 75 0~2mm i N AT FE o)A, 1T L R A APk R Ve Aty
e, K& DME BRI RS, Jarh BRI A0 A AR %, oo AR BE A
GEHT s fralibe LPG B, AR ATINE] TR A, R LA BT AR A
JUAE 0~1.2mm JEE WA 70 A, RN PRI P A B AR, U7 224ppm,  7EARE}
O, HHER I 88ppm, W 2 A [F] Vi DME #AKEIN [m] 407 75 FH I 8 1)
Worz—ritie Bk, MSIREIRWLIAGH, £ LPG BB I DME, 3R &
TORHIRBEIT K AG AR It R 2R n, 1 FLBE#E DME LL@l (¥ n, K AGHAH )
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Fig. 5-5 Distributions of formaldehyde in the end of mixed flame

Kl 5-5 9 HER 1.5mm~2.5mm M AR BORE L, B Rl BUE HfE DME
LA 100% N, FL R H0HAE 2mm AR A7 ik (1) A A, 1t A L A1 5 0o
T MR RN 15mm AR C A PRIAESE T, FEZIRE LPG #ARH, HIEAE 1.2mm
WbE A . K] 5-5 RS RERY], /E DME Ml LPG IRG BRI B S8 i, 7
KAGRR AR T AN AL e 42, AESERs A R RS, i H DME A1 LPG
ARV R SRS S i TR AT e 2 R S N i) DME 75 22/ il 34
BN A fEZlike DME IR, FRHE 2~2.5mm P i FE I sy T AR LA T
HIWKE(E, DME Lol 70% 0,  H0rP B fstcie PRI 2 56 —mif), %t DME 5
LPG BRI S 45 AR, 7EMRA RO — FEIK Lo g 1 K SE R
WA [ 7= A RSO B, RIS RRRHIR et J2 /= rp Y O 2 (¥ w2 B b DME
B IR LU T Tk E

5.3.2.1 iR A G R BB A B HFERN IR
A 2 — % DME JBR%e b H I AE il 5 W RE sl 11 A WL BRI IR o0 AT 45 3R, #F
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B S S i, 2 R A=) CH3OCH, [ B 24 [ b= CHO, i —
P MEAE il I CHsOCH; HARAiR A CH30 AT CH3, /1 CH;0 fR2E— 20 1
R NAFE] CHoO, AERH FEE CH; M Ao I, 3K o0 B oy B Bl Ase b, T
LAY DME b B =R iR %, i B TR T ZANT RS S
T E ok R 1 5 (R IR R ) e A, IR R ) T A AN & e I 2Rk
{8 R

1M LPG AR AN S AN HE(CsHg) s 1E T %8 (n-CaHio) IR T 8 (i-CaHio) 40
J%, Dagaut V25 Akt FHAN [l L AR T B2 Bty LPG AR T T PEAN M1k 2430 77
2R NAETST, $EH T LPG BRRNS & 112 B )i, 827 /NIEJT M P4 2%
N L AR, 78 LPG ke, ™ AL = 2 b g AT

5EE LPG Hf) C3Hgy n-CqHyo A1 i-CoHyo #7AL A M CH3 3%, CH3 FEf) 2
HE BRI AU AL, IEAUEE -CyHon n-CqH o 2 AR AL T )74 n-C5Hy.
i-CqHon 2-C4Ho (MR S N, FLAEA AT S Y AH h

CsHg+ 02 = n-C3H; + HO, (R622)
i-C4H10= i-C3Hy + CHa (R658)
i-C4H10+ 02 = i-C4Hg + HO, (R661)
n-C4Hyo=n-C3H; + CHs (R793)
N-C4Hio+ 02 = 2-C4Hg + HO, (R797)
n-CsH; = CoHy+ CHs (R283)
i-C4Ho = CsHg+ CHs (R694)
2-C4He = C3He+ CHs (R824)

5 CH LK E R, S P T ™ 4 i -

CH3; +O, =CH,0 + OH (R55)
HIL AT DA A3 78 LPG KRRk, IR = 2kUEE CHs B2,
AR —, M HTREINTARS S RN HEEA—Fh &8k, e
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A A Y P A AR 2, T HLOKER 2 AN T AN S i — F gk
H S M AR R = Rk, ZEPTRMREHE G S, TRE R be = A= 1
TR R SN A, R AR S N B T LR AR BE T, ARTAIRA
BEAATIN — HEEL LPG S5 5 L, /E DME 5 LPG & #0kH T, DME [t
BIR, JRARREMR e h = %, X5 S0 45 A — 3L

T AE R N, 7 DME 5 LPG AR #R2EBL, #iiid 5 He O. OH
A1 CH; BRSSOV e i, - PRI TR S BRREHH PR ()T AE S . B DME JRbe e 1)
HRER N, —FF, RERE A KOG B B 31 & il Y X (high temperature reaction,
HTR, >800K)HS FFAATHFE™", 1 (ARG K TP AR i, KA R
WEER T AT N R, HAMAR B, RSB se 4, ke Fit e
P K A1) 7 AR RISl X 0 P L e M R, X M 45 A T LA 250 IE

FEVRATIRRIRIGE IR FH 8 A J 5 T FE (R LB Fp R FR B8 — a5, B LPG BAJerh
P PR AE I CH R A4 AT ™ A, 1T CH JE A PP ()31 4 S 0 A
A B MR, I B T ke rh FTE A S T AR I e 4 OB, IR YRE T
LPG ket e AN S R A, 1 HWD /N T3 SRR e N 7 A 1 P e
AR ANE RGN AR /D A B P e 1) 32 22 S A

5330, KEN®H

Kl 5-6 & DME SR8 0. 30%- 50%. 70%. 100%FH 453 KM )
O WRJE/ AT . Bl AR, {Efkbedsidt b, SV CABNTFe, BRI
A7, TEERESWE ) O~1.5mm P, SUVTIREETFIA R Bl DOs #E, 718 290 2.0mm
WS SIR AR AL, M BRI 5 AR o
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—O— DME:LPG 70%:30%
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5-6 DME 15 LPG R kI (1) O2 L (%) 70 A
Fig. 5-6.Distributions of O, (%) in the end of mixed flame

M b a] A HY, 7E4E5E LPG F1 DME H 2 30% I 58S T Bph R 5 K
Maike DME WA/ E FRERER N, RIS FERE /DN, X R ARk
bE%E DME LL@If3an, G RHRE R 4 T FE BB AR, XN T
Fr R ) —NEF A, R EIBRRE P SRR AP AR A AN S M T A AR 2%

534 COREN

Kl 5-7 4 DME $SBiRLEI 54 0. 30%. 50%- 70%- 100%I 453 K I 1)
CO WA . MBI AT, AT HAR RGO, 72 DME EEI0h 100%06]
KIGHFA K CO MR BEVEAE I AR, 1T CO WREEATEEIAR 8. RIS A 41
LPG #ERHEIAN, SMIA AN S 5K, AR CO KEAM, BifE X
WA A COy; TIAELLKE DME I, TR 5 B4, Rk 1A
IR P AMT AN S SRR D, T 5 2R S R rh O AR G CO I iR
b, I T R G4 DME ¥ CO IR W (E A AL LLAl /N . RIS &l —
KIS CO KV FE SRR N A AT AR 22, ARk BT7, R 4 )
IR E B CO, AT AR CO T FERR 25 A, Ri4lie — PRI CO YR JE 4 A1
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Fig. 5-7.Distributions of CO (%) in the end of mixed flame
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Fig. 5-8.Distributions of H; (%) in the end of mixed flame
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Kl 5-8 3 DME SBiRWBEI 50 0. 30%. 50%. 70%. 100%H$57R KIEH 1)
Hy WP A1 o AR FE R I Hy 2 MRRHE (2 =4, I T LU, TRE
BRI DME EUBIOh 50%0, fERAREES N LIALE . BARHIFAFIARSY Bo™ 4211 H,
LA LB g 1, TR EHRI AR o de i, ] 5-2 KAATEA K St ok 5
JHATHT BSI0E ER B R, R ORI R BE P AR AT, PR BB AR T 2
(¥) Hy: E4LKE DME B, ZEMVRHTEAR BE= A 1 Ha A28/, 1 H. Hy (A1
WARITE, KRB SRPeI R  CO KBTI, 4lkE LPG I, 7ERRRIA T
PN Hy 8D, AHEBE S RRBIAR T2 1) Hy, HIKREE/NT DME EEHIh 50%
(VR A RRE, AFL R T HAt FL A 5300 o

PRI, FEVRGIAELT, 24 DME EUHIh 50% 2040 I — MR IR TR EL i, it
IR E RS RIS KL REET, If] DME LBl K IVR A IEHA L S R % ; DME
LEBIIL /N (R A R A KRR PE A

53.6 CO,iRENT
AN
1 A e
10 | —\ ——y
o
o ® i
Y
o 7L
c
- &l —0O— DME: 100%
g =L —0— DME:LPG 70%:30%
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Fig. 5-9.Distributions of CO, (%) in the end of mixed flame
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COLRPEIM K. COp MABRER LS, Il LU, 7ERARER B4k, DME
EC11 2 50% INTR-ERLES 73 58 U AL ) COL 8% JUMANF DME LAl Tt &
COy (1A S ANAE I 1R 73 A LRSS ABL, - R AE IR e g I Ak = A, AEBt A 1Y
0~1.5mm i [ B E A K, FERENHFESEN CORE-A T 7T, 7£ 2.0mm LS A
A, fE4lRE DME I, KIEH A1) CO W FTH o 2818, HILIR 2 A it
/b, XW UL DME i, BRBHIBRGERr PR Al LA LU IR 18 7 BRI,
HI7E DME H I LPG W] LASGERREHIIAREERE,  #LL2lpe — HIR I 2241

5.3.7 NOXiK[E

SIS 43 IR FE B BRABLEE 1T 15mm. 20mm 1 25mm A T A [A] DME EAsl iR
EIREHRGE FF A I NOx & &, SEBgs Bk 5-10 Fros.

1210 Distance from fuel port: O 15mm
! ¥ 20mm
'E 10bL A 25mm
s e o
= 8fF ¥
g 1o o
s 6 % O
g FANRERVANR +4 O
£ a4l Fay
g
c ¥r
”g’ 2k A
8 fA)
0 4
L 1 1 L 1 i 1 L 1 1 1 L

0‘10I20.30 40 SOIEU.?DlBUIQO.WO
Proportion of DME (%)
l 5-10 BERAEISE T 15mmy 20mm FT 25mm A& NOx 4345
Fig. 5-10.Distributions of NOx in the distance from fuel port(15mm. 20mm-

25mm)

M 5-10 TJ LG H, K9IBS BB DME Helh o i, B4k LPG i, FEESBA
RHIBE =AM B AL NOx #R et i ft), B2 DME E7R &80k L iAW 34,
AR SR NOx BB N, 7E4i DME BAEEI, NOx WS H K. 7E4iks LPG
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I, TR AN ST R, PRI AR I i et e, (LR Bt S /N T
1800K, Al K JfaH 7= A= (1) NOx kPRI 2 NOx, Fifidg DME BN, AR At
BTG, NOx AR Jrokolib . PR, LPG #4kH 1427 DME 1 B T/
HRREI ) NOx 8, H DME LLElBOR, AR A1) NOx kb, Bl DME
FLAT RLUF IR NOX WA, X SR ZHFTT (K4 FA]— 3L

5.4, I

A TEAE [ S RRTCR IR RN 0.098g/min. 4L 0.6 4144, X} DME 4 LPG
TRAREHA BRI EEAT 7 R4S, IERHR AR T 0 K IE P i e it = e 5 1
FEIEAT T VRGO IE, al I 4B = FERD LPG #RGE I I = A RV FERHLEE, 74
I3 M T IR BRSNS Jhe B () 7 A M AEAT LB, 1930 T LR 4k

(1) DME 45 K PEREDL T LPG, & & (Vs el LA#R iy LPG IBARETEBE, 7 DME
BIRLLHI N T 50%M, DME [N n] EASGE TR A RRE IR R RERIAG KRR, 11
BRG] DME 24 40%~50%/c A 1, TRG BRI bevE e {H2 DME R
BT 70%I0), VRS RAVRHERBEYERE XA B B [

(2) BkKHEH, HT DME JRBEI S 2R 1 Rz, o HOREE 7
AT EAMBA TS i K B 5 R R AT 72 1T LPG BRJGE I
KU, TR CHy FEMAMBEAL R, IR AR TR R DME EEf]
g g n, B =2 DME 1 LPG S iRIEHAKE H HTE 1 3 2RI, A2
TREIREHN, F£4] DME 1158 2 AR RS 1T S ORHHE IO I IR S B i A7

(3) 7 LPG KI5 DME A B) T /bR S0k ¥ NOx 8, DME B A7
U1K NOX PR o VRS AR ™ A2 1K) CO M LR =y T2l DME IS (R,
{H24like DME I, CO {43 i 2258 T AR L, 35 H 3 SRR HIRE i, B
TOORE N B AU I A7 A AL A A M L I T FETA R AR 28
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ST BN R R

ASTE B SRR URORE R (10 B AUt AT 1 20 A, e S AR I 2
HESAT 7D AR, R B T AR AU AR R R P, LT
FESCFEZE ) L3 FH A 3 A

6.1. —HAEEEY LY B a4 1

PR ML S EREL, e, KR TUR ] R RS
RORL, AT LU BRAE . NOx LS TR HEE . 1y H 2 F AT U0 R B A
AR E S IR S AL AR, AESEm A shpL RN ] S22 TR H
FEAYJE NIRRT, I e — FH R AR Y T R 2807 2 R 7 a] LA
VEN TR BIHLI AR R A, A R At AT 3 S LK A R s, — W BERAT
LA A A, AT LR 23 B 4 AR LPG #ARHAGE, W H 71 ik
AR AR USRI LPG 36, SAIREIN T AT %
FEE o BRAEA A R AR A T, — PRI A Jie 17— ST A I Y A0
U AR SRR o R ORI sl 1y i HIROAC R, (E = R AE Bl
M B TR A A TRI AR AN B (1 7 AR ARy M 23— 28 I
ISP (B SREav S NI EL e o R IR AR Gl I

6.2 AR FEMT R

6.2.1 AHEFE

AR IR R, GRS RN T 2% I AR T A A R
R BRI AR . BRI RN, GRS AR 2~5% Z IR A AR A A L T
P RARE, I AR AR F st e SRR L R s s S I BB A
A, WA . RS AR R i R (30~35MI/kg) Ko &
RONT 3%) FERAMREERE 5, HAIr— AN 0.1%~0.3 %, EKIGIITHE
APARLEEL 7 T BEWE AR 2 3t 200 Sy A (0 RACR, SO0 FE B A SRR A i A A
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% HETOCH TN I 1/4~1/3 Zod5, SRR BRI B ok o

UEAF S [E A A P R ARG K, 2002 AEA [E A vl A B 452 7, 5
2005 AEAE A AR R S RIA R T 964 JTER], SPIARAELL 20% I EL K, Hp
T 75% hy OB PRI i £, A R 6 5 1A AR T KR R T SR 14
B, AR T A 5 AR JE R RN AR R, R AT AR e
SIS DU E D Hr s, XA AR N T B At S it 7 R A K B YA
i %o F AT A AR O 2 2 SRR B, R AR DO N
(LA W TR Y S T VS 4 WIS AR TR 073 i i W (T e 2 ]
AR R H R N T s A b R 2 B AR SG I R IE R D o ANTE
LEFR 5 2% e AT AR R I JE At b, SR T B A R B A AR R B R e A
FRBE A, XN ARG AR A B T S5 7 %, BT 34Kk
MR AT T — A BRI 4R %R o

6.2.2 WIEI PAMEMBEZRERNER M

ST HEAL A R s AN T, P EOF 2 S AR RERAN AL BEJR A AT
A S AT 52 2 5F s o B AR AT MV SRR A AT BR . AT HE il 1) 8 FA X
VREBBZ TR TR, 2005 P BOIE - RIS ) 3.87 [CHEA, CiE
B 17 ARSI AR —, TR PR L) 85%, 4 K A LA I A A
Bl OB AR 2 5 B T AR RO 40% LA F, B PR BRI RS (1 8 s AN T
AN 28 5F AR RE,  ORE AR I K B8 FSCA T 240~ A 38 3 A A e R R )
Ao Ny BEARARMEIRE A, B2 B AV 2y 2y S BRI R AURRE, it AR . K
AR RS, BRI A AR A IR ST AR A AR e TR kL T £
POBAEREN T B AL TSRS .

6.2.2.1 BIEN HINPIRRI TEER

PO AR . KIS KAGR R AT BON I L E 20K, &
H AL IR AE 1500°C ZeAq NGB A, D8 T ORUE ISRV R v MBI 11 11
PR AR 2 MR e AR gl 0 2 S0 BRRE . HEIRPER Y i 2
PG, JORL AT 78 o A JE R R, SRS e TRRMIRR AR, b TR
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JHIRG 7= 28, R Be R S el RS o DRk ] B FH T BB 2 v 1 el R s
O AVE . ARKIr s S R R ER A RO AE RO L 2K
6.2.2.2 AR T

ARV, 2100 30~36 MI/kg, HAMRAL, — A 0.1%~0.3 %
FERDLIN 10 %lidi, RERA M 90% 247, AR LEE N 151~167KJ/mol.
% 6-1 P bt A AR T Bk A ZERH 1 o0 2 A HT R DMk A3 HT it Lk
Horbar A JERE SR B R S50 5 R AR IR S, T3l DR SR ™ 45

R 6-1 ATuAE T B RIACK TR TR TG R M0

Table 6-1 The Proximate and Ultimate Analysis contrast among Petroleum Coke-
Heavy Oil. Coal and Timber

Proximate Analysis (%) Ultimate Analysis

Moisture  Aqq Volatile Fixed C H O N S Lgezt
u Matter Carbon (%) (%) (%) (%) (%) o

(MJ/kg)
A1 A 0.51 0.18 12.15 87.1 88.5 39 1.1 2 45 35.72
B RV 0.01 0.001  99.52 046 867 129 0  0.03 0.08 427
I 8 4.18 11.83 3156 5243 6836 385 928 238 0.11 27.14
A 8.24 0.5 83.53 773 4731 56 3589 243 0017 17.77

MWL 6-1 B AT LAE Y, A A T A e &% 5 BT, A
TCRREH T I LE B e TRORHAVESE I, AR T AR O Tk ISR 4
JRRLRTE, A A e AR B B D — Dy T AR A A e T
IO IRRL, R AR 2920 0.18%, T E MK /-292h 0.001%,  ELEER 25184
B AR A S O TSR AL B RS A ) LR . AR IE [ LUE Y, FHE
FLDE RO IR 9 X2, IR IO, 25 5 fU8ks i o B 2 2 DAL 52 B 1 444
B, RPamERERER T 87.1%, HRBR ML T ICMEE, ERRT
MECL UL, DRMAE SR A I AN BB R IR, A 2R P AR AR (10 g A it e 1] 5 ke
FURLFE ) IR, ol & B, A il AR DR s AR R

S A BB N TR A A LG, S R TORRRE . AR s AR
FEEWRORIE N T B A AR AEAR ORI PR BB KL%, AR A i £
SKUABEE, ST B A K TS TR A L L, BN SR
TIPSR 1 B R BRI A o AR TR AL, 1 LR o A1 25 BEAI
HA A o, R, Fei DARMECRIEAERN, Db AR B s s B AR
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EALE . A SR IR AR N TR A A L, R R R BT S T
BB RPRL, B Z AP N AR AT RAFAE — LERRAR, A ) 6
TR B IOL TR, Ao BERER (AN TR AR 4k, B Ry, ifn HIA R
JFEAR, M LA AL B 2 AR i I 2R A T AR R ke, ol
FRB ALy A1 AL S R PEAA R 7 T S L AT BRE SR, A R R (AR A A
HNETE o

6.2.2.3 il ER EEMREE N T BB AP B BOR [

AR BARAEER 20, (AR RS s p A O ARE T, BH — &M
. EEAT: OB TE 5 TSl HE T e DL RORATR R,
WABe 2l RARZ A SE e Rbed), I ORIA R 55 ol ey o s R BRI s @
MAEEO. RERR, AR AT SRR A AN A P e A B A R W A
fEF: @B AR R A, P DL S Al B il T
KA Ko, R AE N T B 2 I AN RE— 9l B, 75 WRRH R ReE I A i
For 1) UK ELRSE LA o b e b ZUE B0 7 ol S0 R 3 DA RS AT A o

DA K RIS EOAR t

Ol 2 URBEEAR . A MR AVRGER R BT TR, AR XE DL A
WA, TEREE I B B8, R A A il A i 2 SORRGR B W] AT R4t e dX
ANFARMERR o A AR el S ORI T i R A B S OOXGRE, t RT A
R, 3 A BEC KA R B & L AL - A A AR IR G I TR], - 3w iR
THURL I ARE A, A6 A7 il AR DRI R, IR E I kb . SR AT T
A AR BERE (AT R AL, B A AR TR G, R R B
R JSE TR P2 R I TR) KR i, DRI A i AR e il 2 R B AR LBk
BRI RARE AR . HATEFR SO HIE T2, ) TR R,
RZHOBCE T8 M LU i B s S ), IR SR R T LAk 1) 800°C LA
B, X AR S OB A T n] S IR AR ORAIE

@H FIRBPEEOR : BB ZE b I8 & 2 Ty Ah— ANl o g it . AEBIBR X
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