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Influences of Ultra-High Exhaust Gas Recirculation on Performance and
Emission Characteristics of a Dimethyl Ether Engine
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Abstract: To study the influences of the exhaust gas recirculation(EGR)rate on the emissions and
performance of dimethyl ether (DME) engines, an experimental investigation was conducted on a
2-cylinder DME engine with EGR. Under the various operating conditions, the fuel consumption
and emissions of HC, CO, and NO, were measured. The results show that the maximum EGR
rate of the DME engine can reach 60% approximately, however, under high load conditions, too
large EGR rate will result in obvious deterioration in the engine brake specific fuel consumption.
EGR has significant effects on NO, emissions. NO, emissions decrease clearly with the increase in
the EGR rate, especially under high load conditions. HC and CO emissions increase with the in-
crease in the EGR rate, particularly under high load conditions. When the EGR rate is over a cer-
tain value, the increase of the EGR rate will lead to a quick increase in HC and CO emissions. It
is suggested that the optimal EGR rate should be near 30% under low load conditions while the
engine should run with low EGR rates under high load conditions.

Keywords: dimethyl ether engine; exhaust gas recirculation; performance; emission characteris-

tics

REVRJE SR AP 15 L OO St ORI b R B 5 Ak R Be i - 3 50 AR X
)R AL IR AR OFSE FR T IEZ 2] DME BOR L HEms AR ShHL LIS 52 TR G5
ZHEM. W EE(DME) /T LA KRR TS SE S, HA S &4 34 820 MR fe R 277
BRI P, HATRGE AR A ORI X T3 BRI SEMBLAH L . A ] DME J5 . & sh Pl Ak
[ U S B R R . DME BRI E W AR &R CO HERC FEAR  HEAcEs Al 2k 1= 111

WA H 1. 2009-04-22.  FEFH A RE1982—), B WA  XIREWR N, 5B 82, 4 S



28 [T - N NI S 4 543 5

el T FLA3E30E IV R o 0 5 1M 8 A %
BRUECS) Rl G S BRI E AT 2
FOBF S 36, 1 Rk % SR FH B FEO 35 (EGR) 2 20
JFi AR HE T A 50— AR 1L I T e oM
FALR TAE EGR F (IK T 25%) iy (L. DME o , , , . ,
A% 4L BERSZ AR EGR 36, A S0 MVl ok i Lo 14 L8 220 26 30
FIeA W S B BT AE T 32 19 PR EGR 2%, 9 F
SORNE EGR 3T % S LAY PERE B HERCRF P R FIL AL RIS Sy H
— R SHLY AR EGR 2, L7 1 & 3Bl 2ar
S IPERIZE RO B T KRR IR AL AL e il =
HERC 3 — 20— i B LR LHE e 2 IV T -
TR, 2 ot -

E -
1R B T | Z

0 BR.... b
HC NO,

TE— B P H AW S DME & ZhHl EIFE T
ARl EGR #7F & sl Pk g S HE R PRI 5% %
T SRR P S R AR TE = N Bl ) R A FR
OSEL AR 2102QB Sy HLELAL BT A& Y. & sh L
FEPERRR S S8k 1 FoR. i F & 1) DME
RN TIPEDE T I S AIL . 75 G W HE RO i 2% ik
HLRBEREAR CULIE 1,18 2). 2 000 r « min~ & H i
RN B KFH 2 3, HL A AL 28 0 7 12 % o B
i e, R g E AR TP AR Wl 2 000 1o
min ' NFEAT. EBOZFEE T 2 DA pre =0. 73
MPaCk sh L KR 5D Al p. = 0. 36 MPa 47
5 e R BIHLEYF A 2 T XA TR EGR
TN W R & S L s A HE AT T S
53T

k1 R E R A Fa 2 M S A

N 2102 71 2102
B sahfl  DME %
PRlpeaE A EHW o BURERE EB o BRI E
HL4%/mm 102 102
R/ mm 115 115
Hid /e’ 1 880 1 880
JE45 L 17.5+: 1 17.5: 1
EI%/ kW 26. 1 26. 8
BEREH /1 + min ! 2 700 2 800
FBRHISE/N » m 110.2 108.9
T REEH /1« min ! 1 400 2 000
FE2E 4%/ mm 8.5 10. 5

s FLAK 4 5
MELEFLA% / mm 0.27 0.35
5 J 5% 1 F7/ MPa 19.1 18.0
Pt CE LS D /O 25 22

K 2 ESC-13 T.#% — H it & shill-5 S i pLHE L b3

RAHLE LA E UL 3. F R AT HE R
Horiba MEXA 7100DEGR 43 B2 FIAS 4362141
kil CO M CO, . FHR KHEE 1k & HC,
AL T AR NO.. f# /] Horiba 23 A ) MEXA-
7004 ZS BRI AT SO A S AL 2 HR U b AT e . ol it
Siments B} LB S i f 10 A shALib#e 24T Il
. EGR & YT
@0, .in
PO, ,out
K geo, B LBHUINA EGR J5#SH CO, B
TRITE PO, ,out R EHSHLINA EGR JFHEA H CO,
AR L

(D

REGR -

>]

cO Q0

T: ZHBER SN 2 BTN DAL 5 3 HE 1R R 5 4 - U AR 2% 5
5 bR 6 BE R AN 7 A5 i i 5 8 FRURAR 5
9. EGR ¥ #1£%;10. EGR ;11 EGR %5
12 R G113 S AL A 14 2RI
SIHTA 15 HETBU AT
K3 sl & 584 E K



5 113 RAER A RBE IR PG AR — W kR sl BE S Al B i 5 29

2 AR 0

2.1 RohiliEses

EGR 238 1 815 5 43 2 A 0 i a5 < A [
Z: 5 IR BN R A rh & A K a1 AU
(CO, Ny  H, O 55) A 355 ) e s 1 — Rtk ok
A NO, (94 R A NO, B 2E R4 PF R e e
LRI, — T TR &R R R, A
T RAAR R R AR TR B+ g — T T R A% 3 6 7 4 114
His AL AR 7 B AR T 40 A VR B2, DT A 2 b 41 )
NO, A . iyl 4 w50, v B g AR 6 faf s 17
2SR CHR R EGR 219 3G I U80/0N o ) 2 &
frih, 24 EGR Z3 k3] 30 %It IR as ke
245k DME IS 2 SR LG 4k 238 K EGR i,
B T2 R LU REATS R A AR AN RE 58 MR8  F 23
R BLPEREFIHECR A4 2 A1k

181

7=2 000 r-min !
Pme/MPa
15F -+ 0.36
N -=— (0.73
12
H
9p---- F e
DMER] B i 2 MR th
% 10 20 30 40 50 60

Rpar/%

K4 =HKES EGR RERFR

T 5 T S ALK i T FE R L AR SRR
DME FE FERFE A 0 A I E A 500 (DIE) JH A8 .
S e aliih oS i3 N

Hu.pvie
(2)
Huy. e

:—EEEP : HU,DME ) HU.,DIE ﬁj\jnjUjj: Eﬁ M%H%?Eﬁ E,:J {E‘Eﬂ
{H. &5 FTLAA kR shHLAE & G s B A
REEHE EGR AR A0 52 T 5 5 A% G r I 72—
SE 1 EGR FJEHE N A shHLIMFEREEH EGR R
FERMTIE/N 24 EGR 2 5y 2 — i f I & shpLih
FERIFIR T AR AT I A ShLRE 7R 52 B KA EGR
Ry pme = 0.36 MPa I, fir K EGR = n] ik £
57. 8041l pme =0. 73 MPa I, 155 55 {1 & s bl
AEZR 32 1 e K EGR U Sy 5000, 24 3E— 25 4 K
EGR R} RSl Fe ATaE e g SUml B AR w5 1
iy &L BEE EGR AREGHR, kL shil g vt
28, HURN 202t T REE EGR Ry R, &bl
ZERHLREAR CILIE . A R EGR SR, A3l
IR E AR T — WAk R Sh AR BE S A L.
FEARA e ARBEEAL PRI 2 87 BOR FfiT

b. = be,DME *

B B R A S LSl P AN A R
Pl BR BN EGR . AR G i L & S HLh
FERFEE EGR A 1 R 5 B S/ J5 1 R 1
#,24 EGR 30y 3000 26 47, & Sl ATLINAE 3 AR
AT /1N EGR A AR F 80/ 1 25 2850 4 A [a]
VL4 T B U T 48 DR AT A R D/ T
FHLIIFE SR [ EGR S UK B IR B B AR A
AT T ACHT R AT A A% R 2T R B r s o i
U MR AR T R S PLIY 2 B L S BGR 2r
RAETALE S EMEE AERX—HNRET T lFeR
WEE EGR A8 52 B 18 A .

320

Pme/MPa
- - 036
= 280 —— 0.73
= [
&
2 240F
= n=2 000 r-min""
L
200

1 1 1 1 1 ]
0 10 20 30 40 50 60
Regr/%

K5 EGR X kA& S HL Y e R A =20

2.2 BohiHER SIS

2.2.1 EGR %3+ NO, #ke%m HE 6 FH
AR5 T oL R B EGR 1 K, NO, HEi
FMEFEAG. 2 000 r » min™ "B, G40 faf A= T faf 1 »
24 EGR 4091553 50. 0% F1 57. 8 Vo ik, NO, HEjk
L4312, 58 X107 F1 7. 74 X 107°. % EGR %
(3R v B Aar ) NO, HEBCT B 5P, 32 PR oy i
% EGR 038 in, B 2 1 E 5 AR L shHL
ARG AR AR P K, S8R sl
WRGETRLIE T W, IR [l 3 10 2 =00 b A5 ) o i 2
SEARBAE A SRR T BP9 S0k B, TR
TSP NO, B & 5. 4R R RS FEEAR
I, 27 fe RS TR B ), = ffr N NO, HE ik
FUAR B A o 150 5 245K R SR B B 5 0 67 fr B
FHEL s B g T 25 0 L TG, B2 A% R 458 1) 5 i T
KRR Y EGR 5T 30. 4 %00F, 25 BRI B 33T
FLEACT R FE 2 A L SRR Y 2R e D
A RN H] T NO, A B AR5 72 K K
- AR N R EGR R, 5 5 647 A E, 25 0%
FeAP e, i EGR Z2h 32, 0% i, 25 BR He AT 5 3k
14. 8 A HA A A Z NO, 17 54

2.2.2 EGR %3t HC ##4#%ra HIE 7 0l H
L HC HEBCRE A /N 2 b T3 B 7E—E 1 A
T HC HEl B A K, HA a5 — i, HC
HERCA 2 5 SR I8, 3XAE & shALAIG 67 g ef 2R A o



30 [ - E 543 5
7r or
6 Pm/MPa i Pme/MPa
- 0.36 5 -+ 0.36
_5r - 0.73 | = 0.73
o . -1 ° 4 n=2 000 r-min"
Z 4 n=2 000 r-min <
< o3
qz 3r 8
=Ll S,
GERF 4 K77 )
1 I 1 -
0

10 20 30 40 50 60
Rygr/%

K6 ARTH T EGR FX NO, HEHI#

(=}

AW X EECR IR A IR TGN A
2SS ERB R R K EGR R AU IR &k B
Al AT 2 HC HEREY. w5 0 T L A i s
SRR BEAR - B ORH R 58 B 52 1 B TR Py
EGR 5/ HC HE L i B 3k

Pme/MPa
-+ 0.36
gk = 0.73

7=2 000 r-min"!

GERZE 4 K [

%0 18 16 14 12 10 08
p)
7 HCHE S = TRBI LR

2.2.3 EGR #xf CO #z#tg%a WK 8 i,
AFEAR L BEE A K, Kl CO ek s HC
HERCE B AR R A2 A 5. CO SR &AL & PRk
WRGE TR b B L b R P B Y AR A AR
T NIRG SRR EE FNR EE 52 . Fi % EGR 1y
B BT RS IR EE TR B, CO &4k B2 1 8 5 A8 1.
e ST S BTN S R BB IR A AR
JE SO RS 0 5 e B R R B AS 5E 4, T EGR
TR FEA CO HEBH = IR R, 73 0h, &
SIFLR F R SR 20 05 19 HC HEBUR & B2 8 %
CO HemHA = — A EZ K.

2.2.4 EGR Fiz4) % [i#H EGR RAyH K,
NO, HEACHT 8 R, H HC A1 CO HERBEN b = T+
. AN ARG D EGR KRB G R WA fr Tt 5
PRI e A EGR 2098 & i 78 NO, HEik 5 HC #
CO HER A B B8R 2Z ] A7 47 3. by e KPR B2 b
et R B AL e S HERC  ZERRAR NO, HEBL Y [FIE R
FE R BILEL AT BRI 22 5 Mk S Bh TPk X EGR %
HEATARAL R B, 5 8 ESC-13 T4 8, 7Rk 56 T

2.0 1.8 1.6 1.4 1.2 1.0 0.8
A

K8 COHpil i s TR B R AR

EGR 38 F 9 Bl P, # IR T80 NO, FeHEL
R ML 3.5 g/ (kW « h) BRIV HEf s bR
[F] B A e i R A R 0 16 B EGR 28, HC il CO HE
AT 3 o AR A S A A A B I 3 AR, BRI e Ak
AR,

M 9 T LAE AR T 7  EGR R8T 32. 0%
B R BIHLACRREE EGR R KA &, 5K
K EGR BIAH G S KB IR AT 35 7. 2060, 24 EGR %
ARSI, R BNALIMFER T AR S AR
(LA 5). EGR %k 32. 0% i, NO, FbHE ik & 4
2.10 g/(kW « h) .2 filk F 3.5 g/ (kW « h) Rk IV HE
JHCBIRAE S PR A I B Ao B fe A EGR 36 07 A 5 77
30702547 M EL. i et i & Sh AL NO, HER K, [l
BFZ TOLE ESC-13 TR b pr A W 3 K, Ry
GEARHERUE J) v 38 2R AN EGR 2R, 5 17 o
T4 EGR %% 11. 8% Bf, NO, k& H 3. 08
g/ (kW « h), TiiiZ T.00 F AR EGR B, NO, HHE
BRI L 5,16 g/ (kW « h), i 8 TR IV HEsik
FRAA.

3 4 it

(1) B FEAIR FR 0 — 11 2 B HLEh 1 14 Ak o
THFERA BRI, 2 R T K0 EGR R4 G
SR ENLEN AR e TRE AT » T 05 5070 e 3 4
9 EGR 0T % EhAL Il EE 3.

(2)EGR #6 % BHHLIK NO, HER R AR A
Bi% EGR AN, R HLEI NO, HEHR K
R 5 SR T BB B

(3)EGR #I4K . KBl i % R R0 . 5
& HC Al CO HEREETF F-01E 2 EGR R —
WL EGR RAGH A 231 HC A CO HEM 2
Bl

(D B EGR @i i B7E NO, Hji 5 HC
T CO HER I B HRR 2 [T 47 32 (RS 47



5 113 RAER A RBE IR PG AR — W kR sl BE S Al B i 5 31

91.8
60 50.7
B 27.1
o
A
o HC Cco
Rpgr/%
B3 21.4
32.0

(@) pme =0. 36 MPa

400
Rggr/% 318.9
300F =3 11.8
20.6
e\\e 2001
B
§ 100
s 35.5
??5‘:7&55 Nox
0
-33 -7.3 HC
-100- -75.1

(b) pre =0. 73 MPa
K9 ARRITH T EGR S,
NO, .HC FiI CO HETk i 521

H EGR HRIARFELE 3020 25 47 o T i S A B, 1o R
B/ EGR &,

S 30k

[1] WANG Y, ZHOU L B, YANG Z J, et al. Study on
combustion and emission characteristics of a vehicle en-
gine fuelled with dimethyl ether[ J]. Proc IMechE: ]
Automobile Engineering, 2005, 219(2) . 263-269.

[2]

[3]

[4]

[6]

[7]

(8]

FLRISCH T, MCCARTHY C, BASU A, et al. A
new clean diesel technology: demonstration of ULEV
emission on a Navistar diesel engine fueled with dime-
thyl ether, SAE Paper 950061 [ R]. Warrendale,
Pennsylvania, USA. Society of Automotive Engi-
neers, Inc. , 1995,
WANG Y, ZHOU L B. Experimental study on ex-
haust emissions from a multi-cylinder DME engine op-
erating with EGR and oxidation catalyst[ J]. Applied
Thermal Engineering, 2008, 28(13): 1589-1595.
AR, WE, MMER, & ORSEREE R
Bk 2 S HLIE RE FIHE RO ma R e B gE T ). R
., 2008, 26(2). 147-152.
WU Junhua, HUANG Zhen, QIAO Xingi, et al. Ex-
perimental study of EGR on performance and emissions
of a turbocharged DME engine [ J]. Transactions of
CSICE, 2008, 26(2): 147-152.
JAJeR. PAHLAEIM. JEaT AL s Rk, 2006
233-235.
%, BE. Sl FEREORIM] Jeat P
Toll At 2005 : 259-260.
ABD-ALLA G H. Using exhaust recirculation in in-
ternal combustion engines; a review[ J |. Energy Con-
version & Management, 2002, 43(8); 1027-1042.
HEYWOOD ] B. Internal combustion engine funda-
mentals M]. New York, USA: McGraw-Hill, 1998
572-592.

(% EHT)

[ FI 4 R SC ik 5 4

MR 5 A i 2 SR AR — W B R S AL R 8 B vk, 79 4 3B K AR, 2008,42(5) :528-531.

3 - T e R B AU Bl v i 3R AT A B A4 MR R Fe B4R . 99 % 3E K AR . 2008.,42(5) : 532-536.
3 - R R S LR R v b 3R AT A BT A MR A HE AU PR 99 % B K AR, 2008.,42(5) :532-536.
ZWE- A A E RS A TURIR R0 E AT . P& A8 K AR, 2008,42(5) 542-545.,

VP B 22 iy UMK R AL BE A58 LA 69 B SR ISR . P59 R 3B K S 4R, 2007,41(11) : 1284-1287.
S e UK JR) 5 - A b SR A MR 9 A 5 HE BT A W% 30AE K F F 4R 2007,41(9) : 1083-1086.

F1 0K sy B X B S s UMK R Bh ALK R A P G . 75 % 3B K 5 24k, 2007, 41(5) :517-520.

% o) B 58 o UK R R S LR e 5 HEA AR PG AT R, 95 38 K R 2007,41(1) 1 14-17.

SR AUIR R SR LRI A MR A M. W % 2

X

AR SRR R AR 45 SR A B 09 R4 PE. W9 % 308 K 2 4R, 2006,40(9) : 1001-1005.

S S UMK R = W Bk /58 o SR AUR B 9 PR AR 5 HEAR BT . W % 3AE K 2 4R 2006,40(3) £ 294-297.
B R AR A F-T 220 ab RO 45 e B 52, ¥ % 3038 K 52 574k, 2006, 40(1) 1 5-9.

P B4, o A MR 2 A i AU Ak A HE AR 69 Fvm. 8 % 3038 K AR 2006,40(1) (14,



