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Influence of ignition criterion and dilution gas on ignition delay of ethylene
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Abstract: Ignition delay of ethylene (C,H,) are measured under different temperatures in a rectangle shock tube to recognize
the effects from diluent gases (nitrogen or argon) and criteria which is identified by pressure, bulk and radical
chemiluminescences of OH and CH at specified wavelengths. Pressures were recorded by piezoelectric sensors (PCBs), and
bulk chemiluminescence was detected by a photomultiplier (PMT) and an optical fiber. The chemiluminescences of OH and
CH radicals were grated by spectrometer first, and then recorded by the PMT. The ignition delay is determined from the
pressure and intensity histories of bulk and radical chemiluminescences at the points which share the same distances from the
close end. Ignition delay database was built for mixture of C,H,/O,/N, and C,H,/O,/Ar. Measurement and methodology are
verified by the repeated experimental data under the same conditions. In the case of stoichimetric equivalence and pressure at
0.2 MPa, ignition delays were obtained and fitted with temperature as Arrhenius formula for mixtures of C,H,/O,/N, and
C,H,/O,/Ar at temperature ranging from 905 K to 1 489 K. Results show that the relative error of ignition delays is about 15%.
Based on pressure, bulk and radical chemiluminescences, the relationships between the ignition delay and temperature remain
the same although the ignition delay from single measurement is a bit different. Basically, the ignition delay of C,H,/O,/N, is
greater than that of C,H,/O,/Ar. The fitting relationship between ignition delay and temperature of C,H,/O, /Ar in high

temperature zone and low temperature zone is different, and the turning temperature is about 1 121 K.
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&l 1 éﬁtﬂ%ﬁﬁj{%{{ﬂi%%ﬂ%%% éjfﬁ-\‘%"[g]’ ﬁé 1. Pressure gauge; 2. Vacuum gauge; 3. PCB1; 4. PCB2; 5. Fiber;

NI LY . N 6. PCB3; 7. Driver section; 8. Diaphragm section; 9. Driven section;
LSOk (1410 WA 5 L R BEK 038 2.0, e o TP e
10. Gas distribution section; 11. He; 12. N,; 13. Vacuum pump;

2.6 m, W é&‘ﬁﬁﬂ-j‘j 130 mm( 1= )x80 mm( %) ’ 14. Exhausting exit; 15. C,H,; 16. Dilute gas; 17. Premixing tank
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120 mm () x80 mm (5% ) 1 J il A7 5% (524121 Fig. 1  Sketch of shock tube and gas distribution
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? ﬁ%j E“ J LJ\ E' Zijlﬁ le EEH ‘jz ﬁ{i X E‘ 1. PCBI1; 2. PCB2; 3. PCB3; 4. Fiber; 5. PMT1; 6. Charge amplifier;
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SRR, B M, B2 IR 22, 185 BORE [R19) 18 S 5006 B 1Y ps A T ELIAR TR, (2) MR A 0 it 21
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£1 ZHES/ESAKERNESY
Table 1 Repeatability of ignition delay of C,H,/O,/Ar

S u/(m-s™) M, ps/MPa TJK At,/us

1 802.8 2.510 0.192 1321 427

2 799.6 2.503 0.192 1311 390

3 800.3 2.506 0.191 1313 439

4 805.8 2.523 0.194 1328 337

5 803.4 2.508 0.191 1323 382

6 796.6 2.479 0.188 1304 383

7 813.1 2.530 0.195 1352 325
S 803.1£10.0 2.508+0.029 0.192+0.004 1322430 38358

2.3 mURGEN SN
FEFE B 1 R -OH FI-CHL 156 F1 6% 1 Iy A5 CRRIEARS 5, 5 S8R T 1K HE U 40K SE 1
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LSS RT . 18 4(a) RERE ps BT T 435128 0.197 MPa F1 1 318 K. [&] 4(a) 35 M 24 S S I8 30 3k I 45,
2342 0.35 ms, 7. B H ROGHT-OH B A OGS S R 248 F T, X & iy Sp o 180 BRI A ™ AR Y
RPN RE IR . S5 5 RE EF, -OH A & CME G5 IR “a47 , R BE T
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K, HEEET 0, UG HIR B RN T 450, XTI 1 s K ZERT At, . AL FAL 2350 8 420, 414 F1 409 ps.
&l 4(b) XF R ps A T 43514 0.203 MPa F1 1 266 K. [E] 4(b) % HH: -CH A & J&{55 F1-OH A £ f5 52k
B, BN A G I e s 220 R T A G B0, AEL IR 380 0 e s s DR R D553 T RV AR o IS ML, A5 BIRT B A K HE
B Az, . At B AL 53574 856, 840 Fil 835 s

. 1
0.5 50 05 0
04} 140 041
0.3
s 0.3 30 s
S ) PCB3 z S
] 02} 420 R02r '
0.1} 110 0.1
At | PMTI
0L A 0 0 i
e o 4 ) ) . PMT2 R — )
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0
t/ms t/ms
(a) Bulk emission compared with emission of -OH radical (b) Bulk emission compared with emission of -CH radical

B4 EAKG. -OH FI-CH F & 6% (5 5 i e fh 2k Xt L
Fig. 4 Histories of light intensity of emission, ‘OH and -CH radicals

Zi FAAR, 507, BB &6 OH(E-CH) A & OGA5E 5 IRIEAE s K B B 38, Yl VR s ki
U 5 e 1 N, IR A M -
KIEWS A BT 225 . % BRI E WA R R 1500 1400 1300 1200 1100
Z, FEUENME S s 2, [ &R TO0T I
JIAE 5 MELLIX o3 RO B0 ALK, IR, 045
SAIE G RGEN . AR S, BB R G1E
A W A e, R AR AR AR X fR L (b T ]
B, A& RO S, WA E B A A O
|, -OH #1-CH H & 6A%5 b hifa) e, ma i 8 L
FEP, 5 FRuE L2z o) I AL, B8 A 1E R A : —— Ref[18
PRUAUE 065 070 075 080 085 090

BT BT A 0 I A A K P 22 1 ooorr
S 7 DL 22 VR I 8 SR T M A K S A Bl 5 AS[R] S KE NAS B 9 206 /48 S0 O DL Al

p W s . - SCHR [15] Bl . RS 3l g 2 HLBRN S S5 SR ) L
EHLHE . EEXE 4 EELL S 1.0, p, S 0.2 MPa, I CL LIST P R
Fig. 5 Ignition delays of C,H,/O,/N, at different criteria

110000

11000

At/us

In(At/us)

1100

T J9 1 143~1 489 K {19 Z A /A SRS RUKAE compared with data from reference [15] and results of
I, 5 BOAE T AR ST I K S IS SRR [15] %K chemical kinetics mechanism!'***!
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$iE, IE4T B EC 3 R SN ALEEC (IR GE M HLER 1, L 2 FIPLEE 3), SR Chemkin 44 b X 2 5] 7 31
2 %% (closed homogeneous batch reactor) £ Y, BURR 8 Uik B e KABLAE A A5 K S5 SR 21, 1153 M a5 K I
B, S5 anE 5 s . 1S 3R R 7 IR B RT LAH [R], AR SCA 21 5 KCIE B 28 AT Penyazkov 451
DA B2 30, 3K R W AR SC S 6 R 5t J7 30 2 AT RE Y o L ASAN ] IV DU 6F I 1 i HEE B 580, T A
B AH [F] 000 T BRI 56 I A5 5 KA I A A 22 1, L 22 0N R 45 3 19 R K RE R A A LT A
(] o AN [R] s U DU 07 8 K ST Bsf () 4006 2 A v Ui DX R 422 00, ZE AR DX UM 25 3K . 81 5 iR 3R I 4 XoF
RS RR, R IEIS B X6 H50(E I ek B 0 B 2 e A Ak, I B iR R T T R R R . TR S Bl )
FALPRAT B B UK RE I TSR AE R 2B . TERIR (> 1450 K) X, HLEE 2 71545 M S 3 Bl 45
B, AR B A R EE R, PRI 22 0 AR R . IR R 1350~1 450 K, HLI 3 115345 5L S 00 40 45
G, BEE IR EREAR, LI 2 FIHLIE 3 TH5 45 R AR i, (AR AN S A e 25 i . PLEE 1 hEas
SN et 22 A, W AR P RN (24 1300 K) M 2244 5 4%, (H7E v 1R A IG IR X AR 30 .
PG B 5% 16 M Arrhenius FE R k2, 45 R UTF .

25755+ 1248

Aty =1.195% 10" exp( * ) R = 0.964 (1)
25402 1529

Aty = 1.314x 10 ex ( * ) -0972 )
28891 +2

Aty = 1.544% 107 ex ( 8891 863) R = 0.944 3)

(1)~ (3) FH: At Ay F8 17 KR35 AL B I ARUAH 55, D REL(RD) #RA s . SRIPI A AH LL, AntR
HIE A/, 16 AR, P RER 1K .
24 HRSMAEN

IO A8 w HEE BTN 3 R P AR SR R BRI 223 D1 WU, Fi RS i
SR, RS 5 SRR SO o (R, AR B SRR AR AL RN & L 5], 23 038 43— [a] TC R Al
TR, 52 R AR AL 2% RN SR . A SCHR [2-5] s ok I B i S AfF 9 R R TR AR R A RS
o FESAME, RAGRSEA L TFRA: (DRI EASERSBRPI 2P, BERE 0T,
KBRS I F R AR B ) . RO MU T4 T, IR B S 31 P R AR B T 4 . Y AR
Bl R AR B 1) R T 555 T A I B, 5 B A R AR TR AR 5 ) AR 38 B R A, 3K 25 5% T i
K BRI B AR G A FE 0 B 0 1 2R, M T S 805 JCRE R H AR 22 0 (2) g0/ nT 10 A e ol s L2 4 A
FH o NSRBI T 10 100 02 R0 e Uit A B A S 3 S R A e T B S, B A D, (O T
JR AR 7 A B B D) BRAE AR SR YR R T BRAE, B R A AU R B, AR 6(a) TN . Y T
[aJ,XTr”M AR K, R BRI IRIRES 1 XSRS B AR, BB GHSIEG 2 Xl )2 B &R, 5y X
UG ARAG ™, RE I BT 4 40 U0 R IR T /0N T 7 TR 0 B R T, DT 5% T s K SR S A R . S
ah, X]Lm/ T, SRR I RE TR X 55 1 T8 20 SO 7 © T R TSR, w5, RS B B 20 2 DAFE 7 st i) i 4%
HP 2 S D ) S R T SRR T A3 S s i A SR R I R 22 . RN AUROM E, AR
SRR, KR TR A 8 B, WX R i PR R A/ . BRI, ST B o X, Ak 5 X3
SIPE, QN 6(b) Iim o SRS SAE I B, S A i JE B I 5T R A2 3l ) 2 AL EEGIE .

B X R4 F 2 I FE 0 S, i B SR BN U IR AH G | B2 i 60 s 1o o R B 5 — IR &
é‘ﬁz O FIR b 2 3h 1 2= HLER Y B 2R BE 0T W B VI G o Ak, ARl 22 41 00 R A ) 24 IR 4,

AR S S IR A W 5 LA, S 380 K RE B i 25 ™ Al 25 . © A SCHR [9, 19-20] BFFEA [R) 7 ¢

SRR S IERT B 5200 . Davidson 451 45 56 B AR AU Z R R B JOE R . 25 R R T
AR SR, AU B, RAORBUR T4 T HARA R, KRG T 2RI, fh2r Oy R AR 48 | Ikt &k
FERFIEAR . Wurmel 5527 ARy YRR IR UM T 74%, TG WA 75 Bl S0 Ab 700 R S o e B O 43
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B RT3 K, 40 B A e JCHE P 52 722 557, 0 ORI AR 21 A s KO AR ] . Brown 4510 & BAL:
AL S BRI, BRI IR 7B 75%, S 48R T K IR I /N T 208 R s KT
ST T PR 8 /4 R HE IS R R ot /4 R S K ISR AH ) o £ LR Sk mT R, 4 B AR A
(I AR s K S R ) R 1) J— S48

500 600
f L [ A
400 + I‘” ifﬁ I\r"\ 500 !ﬂ| ”“J' J'll
i (A TR
N | RV A 400 | Leniti | ‘l e | ¥ .
300 1 Ignition |r|' | | A [ gmtlon\ ﬂ L T
- \ il A A AN ] ! |
A 4 VA, W™ A, L \J
—\; 200 Last shock W/ -3 § 300 |
- I/"--v ’ J
_ N 200 ~
First shock / Incident
100 - X shock wave |
Y Reflected shock wave 100 - | | Reflected shock wave
0 [“Incident shock wave 0 ko o
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