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Combustion Mechanism of DEE Based on Minimized Reaction Network
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Abstract  Diethyl ether (C,H,,0, DEE) is a promising oxygenated fuel with a cetane number of up to 125 and
can be used for cold starts in engines and diesel engines, so diethyl ether is often seen as a potential alternative fuel
for diesel engines. The study of the chemical kinetics of diethyl ether started late, and most of the DEE combustion
reaction mechanisms found in literature are detailed mechanisms with a large number of species and reactions,
making them difficult to use in high-dimensional numerical simulations. In this study, based on the minimized
reaction network (MRN) method, 3 species and 7-step reactions were added to the previously developed C,—C, to
construct a diethyl ether combustion mechanism (DEE-CKL) with 32 species and 56 reactions. The two-parameter
form of the Arrhenius equation(A, E) is used to describe the rate constant of the reaction. Finally, the ignition delay
time and laminar flame speed of the constructed DEE-CKL mechanism were simulated using Chemkin-Pro software.
The simulation results were compared with existing experimental results, and the comparison indicated that the
constructed DEE-CKL mechanism could effectively reproduce the experimental results, demonstrating the reliability
and practicality of the DEE-CKL mechanism.
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XPLG, KIRESREEVIG . Ak, S T CREE S i R AR 22 SO, 8 7E 298 K IR AR IR T,
DT 101, 203, 304, 405 F1507 kPa [k 1 N B9 KA, FR245 - S5 HTHAIZS k17X e, B
TR —8E. 20174F, Hu 2 25T HE T AR SCER GRS 1 ) M EE T — AN 341 AN IRl AT 1867
N TR TEAN B 1A LR . I XL R T S KB R B, 5 Yasunaga HLEE | Sakai A/LEE AN
Tran HLEEUEF7XT LG, X FUSE SR s, AR T 3R, 2000 BBt LB REAE B 58 ) (0 I X 1]
PRI A7 EL 0 E e 49 a5 A 3R R Bt vy L5 B %) 00

Zr bk, CE B SRR BE S N ML T2 20 i KRG, B R AR 2, R B4
FIATLEE T 5 B B A A b 2 S I At 77 HLA E S U (BRI R RSEHLEE R, e —2e i
EEL. e, YRRTE R b R R, ATRE S AL TORIRI A H IR A, BRIIL, AR R R
A, AR AR B ML AR M 5E 47 55 P RN RP I e R0, s Lk, HLER SO R M S5 T Sk, R
IS T I A 2 09 S0 X 28, SR TR 32 SO 2 1 2 A1 24 S 8500 BE (RS2 e, Y A (R PR A AL B
T 3 P KSR A2 I KO T B () 52 B 2% R A TG AR AR S e Ah, ZBR TR NN R, ‘U
KB EEAMALEEME LS B — 2t B TR T, BRI, F & —Fh RS T3 br TRERH, X hE
R ORI SO AT e R LB AL A5 0 A E

AT /N P25 (Minimal reaction network , MRN) J7:, ¥ T Z kML /NS PR E5 R BERL I
(DEE-CKL), 4 T 391k DEE-CKL LR A HERATE , #40 T DEE-CKL HLIH Y s HE IR )22 308 JOHE 3 32 45
I, SRIF AL EE R S A 1Y L BESE I 25 R 0 b, 25 SRR, ASCH 8 ) DEE-CKLALEUAR AR 47
M FFEL T SCIRZE A, IR HA T RS, 4] S b A B 1 TR SRR FH SRR

1 ZEERIRHERI

1.1 MRN A%
27 SN RT3 P AR AR - RIE T b2 I AR R A s la ) T — M Roe RS, Rk 1.
DL DEE)VE BT 42, AR BRI S RN AT R
C,H,,0 + 60,=——4C0, + 5H,0 (1)
TERBESE U, SOV C,H,,0, O, 17241 CO,, H,0 WUk ik i i 5 2 . X F Lk 4 Fhd
JRIT IR R A AR 2, 20 (1) BIEs B9 B AL s BV DA E — A0 Fh B~ 10 5 850 M AL22F- 7 1Y £
FEF , B E NSRS A 2R A -k B, sy Ak 2E S B H R A BRI, e BT A e 3 mT
ST RN R A AR X T MR RO
Sv,B=0 ()

BRI FP PRSI B 3R

Chem. J. Chinese Universities, 2025, 46(9), 20250119 20250119(88/94)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

zVBMB =0 (3)

s BAL AR 5w, 22 B BIAL A3 v, iR R AL
PASFUTr i B AR —A i MM SOS L IA R, YA R B RS RT, HAL 23S R
RN

Au =0 (4)
Ko AR RN T RBOERE 5 w A ib2= oA
EEXT— AL NSRS AR R, o LSy SO B F )7 A0 R IR
F=N-1L (5)
Ko VAR ROV AR R TR SR E 5 Lo AR ROVAR R R S
W/ IV R X5 7 1 R A U S Al 2 S g 8 4 R A . AR /N N 28 5 0 Bkt SR 4
SEBR T ARG SRAVELRTTT (AN RN, T — R INSON S, 2R /NSO PR 28 Fh A 57 52y B2 g
5 B A N NE P 2% P 45 RO B 8l T 24 280 ST/ IN R oy PR 2 4 2 %) s I LIRSS SIZ B 17 %)
JUS NV BRI R A, i RERS PR IE R 45 1 BN S0/ e B HLEE R R ECH |, X6 I S SEBR T
P r N EAEEE . EAEENRE, BT RS T RNEEEE , DRI 20 Y R B 45 S0 38
SELURT e
HAT, SCm A7 (R REE I L ) PR, Dl i LB S 9 30 ) 2 S U AR
K2 . FET A/ IME 28 5 1k R 4 e 0 5 0 38 38 A9 8 4, RIS ROR T LA L AT5 AR 7E S 0015 25 Y [
P, RN SO DO 2% 7 30k s 4 I o 38 T 5 5 B PR E ™,
1.2 WS KK Arrhenius IR R FIRIZEF E
JN 3 2 B MRpe SN LI A (8 EE B R 4y . Bh B LA Arrhenius J5 R A0k 2Rk RO
B AL
k= Aexp(- o) ©)

A A KA T+ £, (Jmol) AL AERE s T(K) AL s R(8. 314 1 mol - K) BRI
W

20 HEL 8GR, T X8 BEAOBE A HRT FILIF IR , Tsang % FEHIFIF I Archenius
DT A

E
k=AT" exp (—ﬁ) (7)

e n RS

KD RRGERE BRI (A, n, E) =2 8080, HBEESRE R, 16— B9 TG N HAT B
MHUEREIE . (R AR —SE R, B, =2 0B (A, n, E) A ERAYHE L, DGk ithe
258, SEGI T HAEE Fal2E™ R, nEARF R Al BE 2 S EUE-T I 2 AR A 5,
DRI TG 12 T A H T A ORI BE RO 2%, IO B g JLE DX TR 2 26 T AMMEMRHE . 2 1, AR
SCHE Y DEE-CKL ML (1) 3R 8 4058 — R Arrhenius WSHUE L, XIS EOE 2RLAT LUK
SAEAGRE E PR X, JBREAK T DEE-CKL VLI OLALAERS , 1 /2 T SEhr TR 7R 2.

WAk, o T E M ) DEE-CKLHLHS SEIH 2 (8] 19 22 5%, 51 AST7 MR ZE (RMSE) /R 4
LY

(8)

A s BRI AL 5 W SERE 7, o B .
1.3 #3 ZERIRIR R R o 4%
FURT, ©IT AR CBERGENL AR AL~ Y05 32 N 3 R % 22 S ROk, SO IS — ROk

Chem. J. Chinese Universities, 2025, 46(9), 20250119 20250119(89/94)



L 4L

Ed iMﬁLJgR!\Z%OFCH\NiU!:%ERjﬁES
OIS . FERE PR By DA Rl RS AR 28 bR, I, BR T AP SR (A FIN,) Sh, A
S FE Y 2 kBB LA 4145 C,H,,0, C,H,0s, C,H,0CH,, C,H,0, C,H,, C,H,, CH,OH, CH,0H,
CH,CHO, CH,0, C,H,, C,H,, C,H,, C,H, CH,CO, CH,CO, HCO, CH,, CH,, CH,, H,0,, HO,, H,0,
CO,, CO, OH, H,, H, 0,10 % 30 1~ Z A FaE 43 FIEAe e H AT SEORRAE M [ 5L, X Sy ffiyn]
M C, H, 0% 3FPRTALA, HE BRI N 1R ZBRE T YR GRS , ISR R h IRk
FIFTA By SO BB I 2 . A SCEFE CLH,,0, O, FTH, E R ZBEBREIA R A I DA S FEAY , 1A
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Table 1 Stoichiometric coefficient matrix of DEE combustion mechanism

Marking Species CH,0 OBZ H,
1 C,H,0s 1 0 -12
2 C,H,0CH, 3/4 1/8 -1/4
3 C,H,0 12 1/4 0
4 C,Hy 12 -1/4 12
5 C,H; 172 -1/4 0
6 CH,0H 1/4 3/8 3/4
7 CH,OH 1/4 3/8 1/4
8 CH,CHO 12 1/4 -1/2
9 CH,0 1/4 3/8 —-1/4
10 C,H, 12 -1/4 -1/2
11 C,H, 12 -1/4 -1
12 C,H, 12 -1/4 -3/2
13 C,H 172 —-1/4 -2
14 CH,CO 172 1/4 -1
15 CH,CO 12 1/4 -3/2
16 HCO 1/4 3/8 -3/4
17 CH, 1/4 -1/8 3/4
18 CH, 1/4 -1/8 1/4
19 CH, 1/4 -1/8 -1/4
20 H,0, 0 1 1
21 HO, 1 12
22 H,0 172 1
23 Co, 1/4 7/8 -5/4
24 CO 1/4 3/8 -5/4
25 OH 12 12
26 H 0 12
27 0 0 12 0
IR 1A 15 27 20 C BRI B S SO, S AR S (AEEE ) Wi T s
C,H,0——C,H,0. + 1/2H, (R1)
3/4C,H,,0 + 1/80,——C,H,OCH, + 1/4H, (R2)
12C,H,,0 + 1/40,——C,H,0 (R3)
1/2C,H,,0 + 1/2H,——C,H, + 1/40, (R4)
1/2C,H,,0——C,H, + 1/40, (R5)
1/4C,H,,0 + 3/80, + 3/4H,—— CH,OH (R6)
1/4C,H,,0 + 3/80, + 1/4H,—— CH,OH (R7)
1/2C,H,,0 + 1/40,——CH,CHO + 1/2H, (R8)
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10 ,=—=CH, 1/4H, (R9)
1/2C,H,,0=—C,H, + 1/40, + 1/2H, (R10)
1/2C,H,,0=—=C,H; + 1/40, + H, (R11)
1/2C,H,, 1/40, + 3/2H, (R12)
100=—=0C, 1/40, + 2H, (R13)
1/2C,H,,0 + (R14)
1/2C,H,,0 + (R15)
0 I ) (R16)

N ,——CH, + 1/80, (R17)
1/4C,H,,0 + 1/4H,——CH, + 1/80, (R18)
1/4C,H,,0 =—=CH, + 1/80, + 1/4H, (R19)
H,0, ,+ 0, (R20)

(R21)

H,0——H, + 1/20, (R22)

10 ——C0, 2 (R23)

10 — 2 (R24)
OH=——=1/2H, + 1/20, (R25)
H——1/2H, (R26)
0=——=1/20, (R27)

FEVRZR M RIARIRAS T A B 1) - BPAR AR B A e, S e AR A5 W A e L AR A RO B 24 b 5
R F BB PRSI, 207 S -8 O TR T DR 2 ik B2 A% uﬁ?i‘E A E
AR RN T RER] DU, SRR 2 /5 S0 55 27 ST B SO, EJR sk e N7 R
U2 A= AT R, AR IOTAP IR . A, H IR 2402 B 78 3 i il e Fiit
SETT WA AEZS Bk, DRI A8 4 1T )3 £ IR AR BN, e B T SR ke =2 S 3 6 AL 14 S o -4 5 A
FrId G o A , R A e A B b T B ST R BRIE 0. X ST B BRI F AN A (]
TRAERYHETCEON , AR S AT 5t 1 P g Aok S B X [ 5305 o) S WS8R A THAR . 3 U G AL
FEIEATHR A AR, I A5 B0 32 NP FD 56 25 SN 1) SRR LI . AL AR /N I 45
5, TER/ N2 COHLI = B EaE b, FUBTIS 1 3 DIRRI 7 28 R, PR Wik 7 A IO (36 2) 12
Bakrriit .

Table 2 New reactions in the combustion mechanism of the DEE minimal reaction network

Reaction A/(em®mol™-s7") n E/(J-mol™)
C,H,,0 ==C,H,0 + C,H, 8.95x10" 0 6.09x10*
Reaction at low temperatures 9.74x10" 0 -1.03x10°
C,H,,0 ==C,H,0CH, + CH, 6.26x10" 0 7.15x10*
Reaction at low temperatures 4.63x10" 0 -8.73x10*
C,H,,0 =—=CH,0s +H 1.00x10" 0 0
, 5.20x10" 0 4.68x10*
Reaction at low temperatures 7.06x10" 0 1.63x10°
C,H,0s ==CH,CHO + C,H, 4.16x10" 0 -1.27x10*
Reaction at low temperatures 5.75x10" 0 2.95x10*
C,H,0CH, ==C,H, + CH,0 3.67x10" 0 1.03x10*
Reaction at low temperatures 8.66x10" 0 2.96x10*
C,H,0 ==CH, + CH,0 8.85x10" 0 -7.83x10?
Reaction at low temperatures 3.00x10" 0 6.34x10°
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Chemkin-Pro - 52 1, .

21 RUKZERFYE]

BT A LB B s A T I CRAIEALEER M EEP PR . HET, Yasunaga 55 £ 275 5250 il
i T DEE s K SER B ], B 55 17 1. 0~3.5%10° Pa, ZTHA (6=2.0, 3%0,, BE/R 5350 2 & # ($=0. 5,
129%0,) 1Y 3l B2 OB [ CHEE L), OB BRIABE R AR LR DU S0 S BRIA B 1L A 1
MURFREL ] O TR 1 DEE /NS I 28 HLIR A ERR 14, 1 Chemkin-Pro £ H (1% A1 4 A S
AT X DEE /NSO, MG T, Yasunaga {9 325545 SR F Yasunaga AR PR AR $DL 25 SR
HATXT LG, BAARSZIR 5 ST LU IE Dl 2 WL IR 1 FE 2.

0 A) .,/’-: o (B) . " ©
g .‘.I A g /,’. . 3 /,’. : [
[} n .l alh o g ‘A o L .A
g "z aAA § e > g ' =
= 2 = Z = . A
- N & o’ & ST
o A ab ’ =T il - 0 .
2 102k . B 10°F o Tw s S 10%F N
= i = el :‘ g o ’ a
g , _ & T S SEas
3= co" 2010-¥asunage-expenmenla1[8] = &% u 2010-Yasunage-experimental®| "= “. 2010-Yasunage-experimental
R A DEE-Ch1, a0 | 2  DEE-CKL = 4 DEE-CKL
. | - -2(I)10-Yaslunage-?omputcled . . ZCI)IO—Yasm}age-compluted[S] , C -201OI—Yasuna%e—compuIted[s]
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50 55 60 65 7.0 75 8.0 6.0 6.5 7.0 7.5 8.0 6.0 6.5 70 75 8.0 8.5
100 77K 104 77/K™ 10077 /K

Fig. 1 Comparison of Ignition delay time of the DEE mechanism with experimental data at 1x10° Pa
(A) $=2.0, n(DEE)/n(0,)/n(Ar)=1:3:96; (B) ¢=1.0, n(DEE)/n(0,)/n(Ar)=1:6:93; (C) ¢=0.5,
n(DEE)/n(0,)/n(Ar)=1:12:87.

100 A . 10° ®) 7 100 © 2010-Yasunage-
2] = 2010-Yasunage- ny =3 F O | g experimental ™ ,
B experimental'® oy 4 > - B » DEE-CKL T
£ 4 DEE-CKL - E 0oa £ --2010-Yasunage- -~ "
- - -2010-Yasunage- % & , - R T b computed® -
= Bl L a = 1 = .
S 102 computed L. Lha® S 10 /./.‘ A S 100k R :
= 4t = 3 "oal = o
=] ’ o L al AN g ’,.
£ L £ "2t b=t e
5 .’ 5 A . 2010-Yasunage-experimental™ 5 A4
= « = 4 DEE-CKL y = "ga
-- 2010-Yasunage—computed[ . 4
l 01 1 1 1 1 l 01 1 1 101 1 1 1
55 60 65 70 75 8.0 6.5 7.0 7.5 8.0 8.5 6.5 7.0 15 8.0 8.5
10077 /K 10477 /K™ 10077 /K

Fig. 2 Comparison of Ignition delay time of the DEE mechanism with experimental data at 3. 5x10° Pa
(A) $=2.0, n(DEE)/n(0,)/n(Ar)=1:3:96; (B) ¢=1.0, n(DEE)/n(0,)/n(Ar)=1:6:93; (C) ¢=0.5,
n(DEE)/n(0,)/n(Ar)=1:12:87.

B 1(A)~(C)RIEETT 1X10° Pa A [RURBOIRAS (FRE L IEHBESE . W88 4514 T DEE-CKL AL
P8 1 K E IR B[] 313 45 5 5 Yasunaga (19 55 30 AR DL 25 SR 09 6 L 1E] . NI FR AT DL, 7R SCH 1 DEE-
CKLHLERZEAR R R GRS Y BEAS AR 10 3 PP Yasunaga A SEEG(E FIRLHLE . ZEZTIRIRES (0=2.0) F,
Yasunaga FH1 BRARFUL(E 2R IR X 8 32230 5206 {H, 1 DEE-CKL HLEEAE & i X R UG S 4F . 78 1 W ke
RE(p=1. O FrEHERE (d=2. 0) T, Yasunaga FIHLIRAIEAEAL Ik X SR IUAT 47, Bl 5 IR i o
i1, DEE-CKLAJLER ) 5 K AEIR 25 R Wi A Yasunaga [ SE B0 B FIABTHLL 25 5
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B 2(A)~(C)NAE 3. 5x10° Pa A FHABERAS (TR | IEH LS . &Y & T DEE-CKLHLERLE
J K AE R ] 3155 25 S 5 Yasunaga ) S2 56 AL 45 S AG X LLIRT . AT L, A SCHY A9 DEE-CKL HLEEZE
IEFARBE AN B RIRZS T R IBUAY LL Yasunaga HLERAY i CHEIR I (AU AS SR B AT, RNl IXC ] ) B AR
U R BLSEIRAE, 177 Yasunaga HILERZERE X [RIX BH B 12 ; ZEZVRRES T, Yasunaga HLEE7ESE NI
X e SN  SE U AE, (R Bl TR A TH R, DEE-CKLALER A4 5 A HE 3R B ) 76 55 3L X 5 Yasunaga (1
SCEG E AU BRI .

FIARZE BALSR bR A B T S EOUAT BB S SE IR (E A 22 5% . ASC5 | A RMSE SR ffif i i K AEIR
IS [ M 235 SR ) 1R 25 KN, HAAHY) RMSE 45 551 F32 3. AN 3 i, & F RMSE Wl LA i, DEE-CKL
PR o AT FRIR ST AL SCR B . SAR T i A R A FAR W B 2 I, T SR T i
DEE-CKLALH B4 A B ZBER R B e . A SO DEE-CKLALE R 1 T 7 8 /0, Horbro 202
DEE SR I (BB S, A 1A IS5 S8 BB T SO 5 T T AS PR e i) 2 Tk
PRPE R SEAT M E5 18, TR JXF SRR I T 70k SR A5 W) e S 355 8, s B8 g 73 ik S ) 2
ISE AR, ELRA R B T, T S B (o IR S SRR R ). DRI st ik — B
R FEZFTET DEE-CKLALERAEA 11 P vh 48 1 R A (8 XU S B3 A

Table 3 RMSE results between the predicted and experimental values of ignition delay time for
the DEE-CKL mechanism

Ignition delay time/ps
107° Pressure/Pa 8 Y "

$=2.0 $=1.0 $=0.5
1.0 109.19 98.72 92.29
3.5 80.67 45.71 21.94
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(I EIA , B 5% 3] DEE-CKL HLEE L K% f % i 00

CoHLER™ ) Sy T AR IEAILEE Y 57 7t 1 X & (A dbe i ~

R T AT T AR A, SN, B FE A I 2 2 .

T PIEZATEREGRE AR T 5 L 0 . .
SN AR . VR, SRR LT AL & .
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