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Study on premixed laminar combustion process of

ethylene/nitrous oxide mixture
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Aerospace Testing Technology, Beijing 100074, China)

Abstract: The laminar flame propagating velocity of C,H, — N, O (ethylene nitrous oxide) premixed
mixture was simulated by PREMIX module at the pressure of 0. 1 ~1. 5 MPa. The variation of flame prop-
agation velocity, flame temperature and mass flow rate of C,H, — N, O mixture under different pressure
and oxygen/fuel ratio was obtained. A laminar flame propagation test instrument was used to measure the
laminar flame propagating velocity of C,H, — N,O premixed mixture. The measured and calculated value
of the flame propagating velocity are compared to verify the accuracy of the chosen model and reliability of
the calculating method. The results show that the model with USC mechanism can be adapted to calculate
the laminar flame combustion characteristics of the premixed gas. The flame propagating velocity reaches
its maximum value as the equivalence ratio is 1. 18 and pressure is 0. 1 MPa. The laminar burning mass
flow rate reaches its peak as the equivalence ratio is 1. 18 and pressure is 1.5 MPa. The laminar flame
temperature reaches its peak as the equivalence ratio is 1.35 and pressure is 1.5 MPa.

Keywords: nitrous oxide; ethylene; premixed combustion; laminar flame propagation

s H 5 :2017 — 04 - 04, f&[E] B #5:2018 - 03 - 13
EE R 258 (1989—) , 5, TREM , AF 5 03 A S Ab W0 2R Ak 2 g £ SR AR et 51



38 ko oHE

2018 410 H

0 5%

JZIRKIGAE T E AR AR — A EES
B EAMEELE T IR A P R Rk e S g
PR 25 B, ) B 5 e 2 H A 7 5 ok e
P 91 A K K 25 A, KO S ) A0 A R O KM
MRS,

TER MU e =, AR = I F A AR e T AN Bl
DA HAR S 2 I K A AL AR G, DN v 45
B2 0 KA AL R R, X TR E I AE R
Fept o

C,H, — N, O TR {4 2 #fE 2 57 & — P LU L T
A (N, O) F/IN G- S AR B 1T B 1 HA AU T
TR = B pp R AE B AU HE RS . AH HEF N, O B
Ui, C H, — N, O FUR R & bk SRR N
AU A b S 100 s, i85 K T #5710 ik
VR, AR T DL AL AR AR ) X T
ek, C,H, — N, O HURIR R 18 1 RGEAE R I
AR TRT 2R, A5 A 24 4 25 (8] & sh L /N B AL 1 ke
Ko st EAMT C,H, - N,O0 BFSE A A1, C,H, - N,0
A E T E eh s To R ALK S A
G RIMET) ARG R R RE BB B R,
FIE R PR BE X T 080 4 a2 48 0 i 8 = A A T
REAT A R A 47 1A 55 7 1T EL A o S RN o X b
RUMEDE R BEAR 409 35 FH T B HTAT R ®AT 48 = PERE
SRR 25 A TR I AS 1 2R, B AR R
C,H, — N, OTiiR HEZE 7 F FIR 2= 88 ©Ara% . KA
PRI BRAE B . TR BGE R Kk Sl R [E
A INESER R AT A | R RO A B R A
S [RIEEXTIE JLAE B AR G, H, - N, O iR
EWEMHIE A LLE 1, C,H, — N, O TIRIK R 1Y & shil
BRI R R A 1B T 20 A E 32 A8 b, AR A 7E 7] i
ARk, CoH, — N, O TR AR R SE 770 LA 55 04 14
REAIR A I R & T o e v bl oy S % 4 SR T
HEIKR I R

B Xt N,O FIiRAR &, LA B9 TAE R il 8+
H, - N, 0 IR &R, ¥ & K IR B[R] )2
T RE | B 2 R R R SR R A R T S SR
FIN AT B T AR AN, WA DR ET G H,
~N,0 # C;Hy — N, 0 FyMRBEIERIBESE 0 T

C,H, — N,O (R R By LRI AR 2, B R AR WL SC
Bk R G CoH, — N, O 1R R B KAG AL 3
WA BEFFRE C,H, - N,O 1R 5 A KOG 173 B 1Y
FERBFSE . I AFsE CoH, — N, O FliR A £ Al ke
RV, SRR BE ML A SR, X T 2 Bl B Y A AL
AEEZE L,
1 C,H,-N,0 ERANIAEEEET
BAZE
HATET C,H, = N, O Ry fb 27 S i ALFE 3
B s —A 2 N K27 USC HLEE; ) — A2
Konnov #( #2114 Version5. 0 HL¥E, H T Konnov Ver-
sion 5. 0 ALELAYMIPEAR K BUER A S 22 , BT L)
FEHHE SR USC LB, R 3R ) CHEMKIN
Hi) PREMIX #EHR B C, H, — N, O KR 27 K
TRkt 2 . PREMIX 588 =22 HI R A 5% 55 1 55 1
T A HRAERE I —4E 1T FEE TR KO, RIS 1S
PN 50 3 R 9 VA BGE B 35 %, Tz
TR M KON RE TR R i A R O AR
ﬁﬂ?[ﬁ’g’m :
LT
M= pua (1)
(R
MdTdx™' C ddxAAdTdx + AC,, =
LKpY V. C,, + AC,, = lko bW, - ¢~ =0 (2)
oyt
MdY,d, +ddpY,V, + Ao, W, =0 (3)
RETT
p = pWRT (4)
2 a S AS (R AR AR s MR BT i %5 TR IR sp S
T3 s R TRTE 5 p Sy BURAUARE Y, W
BT o3 A s W, S AR R BT 5 WO TR AU
(- B4 R B o 5 R O AR SR 50 A S TR UK
B SHR AL C, W IR B T A Cy
ME LI she WAL 095G 5V, A 53 P HiGH
JE 5o, AN IARTR N RNZH 3 5 A2 SO A SRR 2K
FA TR SRR Bl i R A T AR (BOAE R 1) 5
g~ R TR
BEHI DL R g8 09 C, H,y = N, O IR A iE
MRSy R HRE T  F R A i AR A
HERASEL, T Z T TR IO O A% 16 3R



H44 % H 5

RS, 55 O — AL R R BRI RE T 5T 39

oy FNRE 73 A1 55 o TERLEIT S, B GRAD =
0.15, 1% CURV =0. 15,5362 K5 0.01 cm,i1E&
B 1 x107° s, [A% S ECH 200, 5] FHBHE 4 1 2k
KA TR G TE 7 B, R rhon 22 904 SOR A
PRIV, SR K22 23 A AR A XS R T il — 2B
JFi— AR SRR R R ZE /N T 0.000 1114

FETHRAA SR 1 Az B 38 AR 40 B 7
R 3 Ak 8 01 S8R . A R
43 H7 (rate — of — production analysis, ROP) 7] A A F
B 1 35 8 S g % — i 49 o A B 9 A 1Y) BT ik
PN BN F b i AR B TT OV, R A
(Sensitivity Analysis) J&45 FW Y (1) 8- S HO0 K i
e e A I U SN (08 T SO0 AN S A £
SIS A4 TR RN 8 8 S5 2 550728 Ak ) U R
ARG R AT AT A S L ALEE

2 GRSt

2.1 C,H,-N,0 BfAIGEEBRENITE

KA FETRET 25 CF, KO8 0H
0.1 MPa,0.5 MPa,1 MPa £ 1.5 MPa,N,0/C,H, Ji
AN 6:1,7:1,8:1,9:1,10:1,11: 140 12: 11}
C,H, —N,0 FR )2 KA R

JZTR GGG R PR R R EEN S
B, FEGIRA A R R SRR R A
Ko BT 45T AEA R 7 I 00 J2 it K A A4 i
FERE Y 5 ARG &R . F I 1 AT, J2 i KA
ESRGSWERENFER R, XFEEENH
RAEARIETR , KA 7= A KBk Y 2R 10T 3O W, B K
TR s Bl A TR ) T, KOERER T4 A 2 &
%, 5 JOHARAR R, DT 3 BOK I AL 3% B Bk, (il
53 CoH, = N, O JZ2 I K he A% 176 132 156 . 1 1 o i o
/WNo THN TEFBER BRI N TR ATR G 1L 8
B, J2 00 A A 405 3 R B e KB i 259 2 i L
I, ANETR A AR AR B IR W AR, 2 I A e
HER N

B R AR B T8 )2 KA AL 16 i R A —
Al o7 B 58 B 1 B R K MRIR T . BERAR T R
IRAG Y T ARNE RE , X K K A% 196 3 B A 2 52
M), JEE Y o LRI 46 i S AR A K KM TR
FERSEmACR . 2 451 T C,H, - N, 0 IRA A
KM B Y i L AR OC R . B 2 al A, 78

SEIRRA TN T I, e KK IR IR B e, 7ETR
B RIR R —E I, 4 P8 KA T B TR 5 A
Ty MR L T G SR Hy R B0 A AR
EEYITS S G

110F

105F
100F

_‘?95-

£ oop

o 85) o )
s+ oMb
i
70(i8 ltO 1?2 li4 1.6

4

E1 AEHELLSEANTH CH, -N,0 Rt NG EEEE
Fig.1 Laminar flame propagation speed of C,H, — N, O at

different equivalence ratios and pressures

3400r
3350r
3300F

32507

32000

3150F

3100 1 n 1 n 1 n 1 n
0.8 1.0 1.2 1.4 1.6

@

B2 FAEHELLEEATH CH, -N,0
TR KR R K N NERE
Fig. 2 Maximum temperature of C,H, —N,O premixed

flame at different equivalence ratios and pressures

MBS R JE S — D EE NS, BRI
SRR, AL T TR A URON BE ) A
AEIIEAREE, A3 P, WK 3 FH L, 0T
TIHER MR o B R ARG I A TR, KO
A /0N (H I 7380 5 DR A i iR 5 A
AL T R A DAL I R e o A R B 2 4
Mo MIE 3 b REREE 2, BEH 4 FL AR, h%e
i A S R N G 38D, T SRR A L 8 I ik
Bl R i B IZ S B LG, AR A R W, A
BB R MR, X5 B 443 2 By O &4



40 ko Fi

i Bt

2018 410 H

JEAEAL B F AL

3.0
2.5¢ o -
2.0k -7 ST
S T 1 :
« 1.0p L
. - S
< osf
< 00l
—0.1MPa
-0.5¢ - - 0.5 MPa
L. 1.0 MPa
-1.0F  _1.5MPa
1.5 s 1 s 1 s 1 s
208 1.0 1.2 1.4 1.6

@

3 AEYELS5ENTH CH, -N,0
ok K K BT R IR B B 2R
Fig.3 Combustion mass flow rate of C,H, — N, O premixed

flame at different equivalence ratios and pressures
2.2 C,H,-N,0 BRMNEFBERENE

4 S SR KA A B R S0 R ST . IS
B R GUALAE 4 A0 A PR A XU It s sUEROE K
HaiRE e D EUE R AR MHFIR S, H
HHHT PR 8 R T T R TE K A b i 2 e i 0
RR Y o BRIZARBE A Hh 2 A [R)C [BAT IR AR LR,
HI N JERSME , N AMNEE N A2 53 5 10 em F1 28 cm,
MAMER R BE 205 15.3 em F130.5 em, ARS0E:

5 15 FH 538 T 42 2 8 R S L PN A s 22 ) )
HHHER . WAMEZ R R 5040 E 4 HEHER
fL, BHEA 3 A, RS AT 25 B e ol e R s K T
HEA AL Lo a9 8 A 3 A 1 5 A P B R AT, i
15 AT R BETE N IR R 77 K T 40 5 Fe g R 3 58 e
ZHJEA Bem e A HE R BB RATRE S AE
TC R A 0% = N A () B R 408 T b o2 AT A B
B TR b 80 R K. T AR IR BT K
T ARRR, B DL R 5 R T80 P9 SR HE
ZHMEWA S FESMNE SRR ST 8 BT, el
R 1 e et R e AR B T B R
FEELhF P 7 6808 B HE S Y R T s AN
HHIE., 7 P9 R A58 % i 30 T LA Sk OB R A TR 4%
PR AR, S W W E, A B8 be 2% 58 18 7K 2
4.0 MPaf) < F1 5.0 MPa fy7K [, [ B B #% 7K 52
200 C AR

S v PR AL 1 1 BRI KO B0 G Bk R R
FEAHMLIC SR o 3 fff ] Matlab BSR40 BRFR Y, Zb3E
1RRNERIE SN K e it B Rt 0. 125 ms B 21 12
7, B e IR B =R M A0 G 3K A 1 AR Bl (]
AREIC R, KBRE NP S B 3 o ) — 4
EL 198 BE I R E 80 UG 1 58 B2, 9K 5 AH 5%
g B8 BUR OB A B SR B £
U DRI B2

DR e )i s
sh Q@ | © MEAL

() S5 15 T

AL | mitk
v () =]
Jna L s kT
L AT
) 322 T Iﬁi‘%’l 1155

(b) B AR G IE

B4 SESEERMNAEEFUERARIBRS

Fig.4 Experimental system for propagation characteristics of high — temperature and high — pressure laminar flame
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