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Numerical simulation of auto-ignition characteristics of methanol spray
under different ambient oxygen volume fraction
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(1. School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology, Wuhan 430070,
China; 2. National Engineering Research Center of Ship & Shipping Control System, Shanghai 200135, China)

Abstract: Based on the computational fluid dynamics software CONVERGE, a numerical simulation of the
methanol spray auto-ignition process was carried out using the large eddy simulation method. The effect of ambient
oxygen volume fraction on auto-ignition characteristics of the methanol spray was studied in a constant volume
combustion bomb at an ambient temperature of 1 200 K and an ambient pressure of 7.77 MPa. The results show that
when the ambient oxygen volume fraction decreases from 21% to 15%, the ignition delay time (IDT) increases by
2.5%. When the ambient oxygen volume fraction further decreases to 10%, the IDT increases by 8.1%. At 10% am-
bient oxygen volume fraction, a tiny amount of OH is generated during methanol combustion and always distrib-
uted in the periphery of methanol spray. From the perspective of the spatiotemporal distribution characteristics of
CH,0, as the oxygen volume fraction decreases, the temperature range of CH,O generation narrows, the equiva-
lence ratio range widens, and the spatial distribution range of CH,O increases and the concentration distribution
becomes more uniform. It can be seen that the change of ambient oxygen volume fraction significantly affects the
ignition characteristics of methanol spray, and then affects the generation and distribution of its key radicals
(CH,0, OH).
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Tab.1 Experimental conditions for model validation

%ﬁ IR ][21] IR 2[10] I?Jl:[], 3[10] I?ﬂ, 4[10]
Wi fLEA%/mm 0.120 0.186 0.186 0.186
W ERE/K 800 1200 1200 1200
HHJES/MPa 3.00 7.77 7.91 7.89
M5 bk 5E/ms 1.9 2.5 2.5 2.5
W35t F7/MPa 140.0 116.3 109.7 102.2
W%} B it /mg 7.99 7.25 7.03 6.81
0,:21 0,:15 0,:10
ISR N»:69.33  N»:75.15  N,:80.01
. N;:100
53%0% C0,:6.11  C0,:622 C0,:6.32
H,0:3.56 H,0:3.62 H,0:3.67

B1 EFREEILEE
Fig.1 Geometric model of constant volume combustion
bomb
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Tab.2 Simulation of working conditions setting

i THS TH 6
Wi fLE4%/mm 0.186 0.186
W ERE/K 1200 1200
B F1/MPa 777 7.77
M35 bk 5E/ms 2.5 25
I35t F7/MPa 116.3 116.3
W) B it /mg 7.25 7.25
WEEAMAAEF 0,:15, N»:75.15, 0,:10, N,:80.01,

DEU% C0O,:6.22, H,0:3.62 CO,:6.32, H,0:3.67
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Fig.2 Verification of grid-independence based on vapor
phase penetration
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Fig.3 Spray model meshing



- 214 - S 4

#l

az
=

i B3 B3

T BIBORAT. IR A 5 RO 2R AR | e Ky 1%
AR R R b P B AR 53 s 1.0.,.2.0 11 50.0.
22 WERNBNFHIRFIE

FUBCIE B | TN R 1) Ak 27 SO 8 ) A LB
W% KIAEUETT R 2 CHE S, EH T el 3 Fhk
Iz N B R R HLEE. o Li HLBELELIAME
R ITF R, B T Held 2520340 CH;0H Ak
P, f4% 21 NHAY . 93 A0, Liang HLEEEURAE
AramcoMech 3.0 40 i1k 27 SN AILBE 6 JL A B f5
feimizk, 4% 20 4415 74 220, Lindstedt fijfk
HLEEP AR RS AT O A (1 B AR LR Y LR -
FERMR, M 32 M 167 B, Ff, ik
FHT S A 5 ) Y I K HE SR ) 5 3 O A B 3
it 16 R R di AL,

T KAER AR 0-D &, g X E
XoF B[] () — B B R AE X W B 2. 0-D 14545
el 4 fow, 3 Mk RSB, Li HLEEAT Liang
HLHR A T30 25 5 55 000 25 SR fe W #2301 Lindstedt
BLBERT 35 K HE R ] 8 T A A A R w22 .

BUAR, R T — 2L 3 T R S SR
fe2f R N s AL, S5 LES i AR A 3 Fivik
SRV BN LB, B R Zs B 5 KGR Bk
SEFR I} [E] (IDT) A1 KA EE K (FLOL) 1E 0 W58 25 4
LEREE A FR IS, JUTR0I 25 SR A R P X 5 25k
YAJE S BT TR, i, 7E T 2 kT
T 3 FifAifLHLERRY IDT A1 FLOL Bl -5 i 50(E
FoAE, LI eI ALEL. 3% ECN MR IR
PRBSBUERSHL IDT M1 FLOL 2 53k, Hoyk 2.
(1) IDT % XA OH Jit i /345 ik Blfa e KGR S
T KME OH T 204 2% BTXs i Bl ; (2) FLOL
FE SCNWESE I OH it & 4080k Bk S IE lUE
OH JF - B AR 2% Kb 5550 2 [l

3 Mfaifb LB T IDT A1 FLOL il 5558
XS AN 5 Fras. Li FLEAH T A P R LR
T, R P S o5 SR e i P T 0 5 Ay v

ZE bR, WA Li ML SIS AL
SN B JTEE R, B AR TR B UE S A B X i AL P
FEILA T80T (0 TR SR A T IR IE.

-—-Li#Lag -—-LitL b - LipLat -
” —-— Liang HL31 ” —-— Liang HL3 e « [ —-— Liang HL7 //' o
%3: Ao Lindstedt L P Af. %1 ----- Lindstedt JL# B E,i NI Lindstedt #1341 st ek
EIO' o K - 'E o X //./ S ;EIOE- o R /{(",.
% B 2 10 oy 2 f g
3 L7 p-1.34MPa g _—" * - p-131MPa 3 7 p=124MPa
4,;@ 100 .- ¢(CH,0OH) =6.525% 4 ¢(CH,0H) =12.281% % & ¢(CH,0H) =21.875%
?(0,) =19.644% ?(0,) =18.421% 10°F - ?(0,) =16.406%
) _ P(Ar)=73.831% 10° . P(Ar)=69.298% 3 ) P(Ar) =61.719%,
0.85 0.90 0.95 1.00 0.90 0.95 1.00 1.05 0.85 090 095 1.00 1.05
(1000/7) /K (1000/7) /K (1000/7) /K
(a) =05 (b) ¢=1.0 (¢) $=2.0
Bl 4 3FhHLIEXSE N GEIR B (8 T X b
Fig.4 Comparison of ignition delay time predicted by three mechanisms
0.7 [ p O LE 30k B BHUE
06 B G L
T 25
0.5}
2 E 2
Z 04f 5
15¢
2 o3} é
0.2f 1or
0.1F 5r
0

Liang L3  Lindstedt HLF

Li fL#g

(a) IDT

LiHLH Liang HLE!  Lindstedt HL3E

(b) FLOL

B 5 3MELNET IDTH FLOL #4525k i@ttt

Fig.5 Comparison of IDT and FLOL predicted by three reduced mechanisms and measured from experiments
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Fig.6 Comparison of vapor phase penetration simulation
results with experimental results
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Fig.8 Methanol spray ignition delay time under different
ambient oxygen volume fraction

B9 R RIRIFSE AT BT FF s 25 IR e i
POREHI [ AR L 72 . SRR BN 21% (2
15% Ji , HRRIGEFRARZ) 55.56%, 1 10% FRE A A
BUMS 15% T00T BYRGARIGAE AT HL U AR T 29
37.5%. HHULTET L, IR UG BE 25 SR RO B0 B
R )s, FLBEE AR B it — A R 2 A 4
VR Pz ek . LA, Bl SRR B A, T
PR UGB XTIV 1) B 220 R i . SR 3R U (1 X 7 1) B
2| 5 IS 35 114 25 K HE IR Ao ) 2 BRI (0, BSA
AT BIE 15% 1 21% B, B3R UG XoF 1 f
B ZIAHZE AR, TR AR T B 10% B, A
WS AL 6 107 s 220 1 PRS2 . DR 1) 0 JEE L



- 216 - " P

#l

az
=

i B3 B3

5, F BRI BE ) CHA i B A BRI AR AR B R i
PR B R B R R R FREE AR AR
~, PR RR BRI, HAE S EAE NI A
ARG S, IR BTE A) , T T2 TR
WA 1 BN 20050 7, ORI (B oy RO R Y
BAR. BeAh, 55 U R A L, B
FH AR LT AR AL IR T R AR R
RS, TR REA R T, TG RE RS TA]
I Hax— B B A B B i e

AT B %
160 —21
—f; —15
o 120 F — 10
=
® sof
B ol
0
0
7] /ms
B9 FEMRERERDET BB ER Z 005 AT 4 2 B it
IR A uE

Fig.9 Variation of heat release rate of methanol spray
combustion with time at different ambient oxygen
volume fraction
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Fig.10 Variation of temperature distribution of methanol
spray with time at different ambient oxygen vol-
ume fraction
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Fig.11 Variation of distribution of CH,0O mass fraction of
methanol spray with time under different ambient
oxygen volume fraction
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Fig.13 Scatterplot of equivalence ratios versus temperature of CH,0 mass fraction under different ambient oxygen volume fraction
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Fig.16 Scatterplot of equivalence ratios versus temperature of OH mass fraction at different ambient oxygen volume fraction
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