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Spectroscopy and Spectral Analysis
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Schematic diagram of optical engine test''!

—— {i[f£(92 mm)
----- LS (66 mm)
-——#A0
—== A0

O i

O LMK

B2 BMRENEFHNAGTEE
Fig. 2 Schematic of structure and view field

of the combustion chamber

R1 RZRINEHSH

Table 1 Optical-access engine specifications
SR il
iip 4
Hr 4% /mm 92
15 €47 7 /mm 100
HE /L 0. 664
JE4i b 11:1
M L. % 6
W 25 e ffy /° 150
5§ % B 42 /mm 0.15

W R TROEE LS HLLL 1 200 v« min™' By BB AT
TR B B R SR A 600 bar BME SR Sy, R ShHLIA B L
200 L5, L ghplIB kB sty . B0 20 SRR K35
A LAF KGR DU 0 98 5 $4RE T R X e 2 o 109 95
Geo T RAERT AR AL YO R . XA BR A5 A E AT T B it
SRS R W LA R4 L 1. S T ARAIE PPC #R R 5 72 Y
FE v B R A E 125 °C . MRS 40 4 45 03 AT



% 10 )

il 2 563 i 3001

T, TG ZE bk R B4R IR EE Y 900 K,

KB R CBUE R . BB JOE I AR A5 5l Ao
KIGSETEMAY A B 5, 20 15" E AR e8I AT, Bn H
e AR HLIC SR KO B R OGIER o s 3 AR L (Photron SA5, H
A4 JE B 50 mm fEFEEEk, JERAGE BN F1. 4, WHE S
FEG TR B O B FP 20 000 WA 50 ps. ER5 HE 2Ny
512X512 4%,

B &I GRE R IR 50 2 AR b, G REA L R R Sk A B TR IR
WA N — Mok peat B A & J6ME B, ik {0 &
FilJ& 275~525 nm, 23 ¥ER 4 3 nm, 8] DLxE I 28 40 I B iy 52
FOH), Al WGH B (CH,0), CH H 3, CO %k
HEEOGRE SRR R OGS AT R A . B BRI R AR IC-
CD M E5 7T IFEI R T 58 T 3R 06 1R 5, HoORig R4
Bl 115~920 nm, A3 2GS E T RENT R,

ASCBE T HLAT MR 9 b (RON =500 5 . % U 1
(S=6 5 S=0) M FRR . mEUEME S=6 AR, HIER
Bt SEERE . SRR BAR BT H 66. 4%, 16.6%, 17X IREA

T8 o ARBURENE S=0 B BRRE i 1E BEJ5e 71 53 3 b #2 14 B #
5026+ 500 AT AL - X% BT FRRBHE PRI 2 2 B

2 MR BA i B R

Table 2 Test fuel properties''*"*]
SRR IEBESE ¥ g
/(g em ?) 0.682 0.69 0.79
RON 0 100 10841
MON 0 100 90+1
F AU (RON-MON) 0 0 16~20
R/ (M) - kg D 44.6  44.2 26. 95

BEAR s A SCEBEFE T AN [] 14 55 3l B ) (start of injection,
SOD Xt Ay« AR RERL 952 i, SOT {8 43 51 2 — 25, — 15
M—5°CA ATDC, 4 3% B $#0 f) PPC g 4 i) %1 . PPC f
HF| CDC B 02 I 5, R CDC Mg S inh 20 o F A4 ) 3K
B 2k AR AN 2 3 T, e g R R S il 2 W R LA AR IR L
PR BB R B A 2

®3 KE&EH

Table 3 Experimental conditions

e IR} UK el g 3k s %1 PR & W B M 3 ek
/S /MPa /(°CA ATDC) /C /°C /mg
1E Bk s e he i MR 550 %, 50% 0 —25 19. 24
IEBEGE . 5P oE B . & T = ROk k) i IR A B 43 4K 6 —15 125 95 20. 81

66.4%, 16.6%, 17%

—5

2 #iR5STNHE

2.1 AEGEMEMRPER R

3 2 —25°CA ATDC Rt i, &y I SRRtk R k) 1Y e
PIRRBE FE ) . IR AN MG & R EUR . B 3Ca) KWL, BifloR
T % P SR e 35 il SO S0 2800 9L R 7 9IRS U
P AR 1 VK Tk R TR 9L K I 220 A AT A AR A R B AR . TR 3
(WO FCH AR S=0 F1 6 MREEE KM A KRG R A
PRI, BRI DL R ka3 R R AR — 251
CA ATDC B ZI W3, W R A . A e 2 0% s [a) JB AR
WM BURS S, HILE G IE R T BB EZ 3
KA AR JE S B A E—B ai. MABRIE H, mAR
HURE BR R 43 I HE 1096 F1 9. 52°CA ATDC WL 2] 4% # 5
K FEU RS I e X TT REA B AR . R R R RE O K R
TR REARARL . AR AT BE T X T B B B D &
BITEAE RN K G AE 3R R SUAERR R &5 T 3 R MR X 88 1T
M KBRS, X—IG 520 PPCIRBERF IS Ml . 72 K M
PR LT AR s, fEAEf FRELF DR AR S, XEmTF
Mg 3 g1 6 M8 31k 25 SR R S 9k R ot AU 6 RS 4 R i B AL
SRR YT NP = G Ui BT 7 i LR o A W o
WA o SRR R X IR B A 0 R ik A R KT PN R B K M
PR FZ AR /N o A [l SO 1 SRR IR B K e e o R AR

FE—15°CA ATDC WEH T, & o A GOk MR A B e AR

MK R RGN 4 Frs . miE 4T, m L REUR
PR X L HE R A S i B 5 — 25°CA ATDC 3k
AR GO MR A L 5 v TR 5 B I T A B B AR B A
K T2 3°CA. 5 —25°CA ATDC W ] A [ 1Y 52 1 I 19 98 458
S oL B TR BN PR R (B B R o AN T 4 (b R Co) A AT UL i
FZWEH 2T, MABE KA RO 58 . JOE R A R E
DI 0] 2 4°CA, B S 33 L — 25°CA ATDC I 21 1)
S E AR W I Z07E — 15°CA ATDC, 4 45 it T PPC
i) CDC {93 38 X3, PR . 8 09 O H B s e, SR BIIAE
SO I 220w o BRI 2 B R AR K R R R .
22 W58 I 220 AR Rk 80U P Xk A AR U R TR S W 5 — 25°CA
ATDC il i 2 T 2640

1E—5°CA ATDC B . . AR BUSPE SRR B 0L L i
PR JNE R TRAT LN 5 BRI 220 JE T R g S
WALHRBE AL S R i TR e (B AR X S8l 3 e, R
SRR B R RE K, S BUE 5 ) BT R R B O 2 5 F 4
B GRS GBS E AR, . BRORHEUR A X G
RO (R AN S5, B0 5 B RS S I 2R e Bk
PR BHE IR 9 BLG . (HR N 5 (b)Y o) MR BE % K B
AT DU 2 o SRk OB SO BN 2 A AR U R
HER . B 5 (o) F W5 —25 F1—15°CA ATDC 1 3 i) %)
TG R A . —5°CA ATDC Rl I 220 F {1 %4 4%
PR R G W0 5 A B O R TE R B th b 25 6 A
Mo i J B RGOS R R . & E



3002

AL E PN

TEIRGL AR 5 . MR PR B A . AR TR BB B B R
HAE S fr SO AL R BRI FE AR IR & R e e 1, R bR
AT R X B B KO TR 3 RO A .
BB IORE Y O i 5 72 5 AR SRR S 8, HR B s
OB e Y S S T AR /DS 3 AT RE 2 e R P AROREIE
T LM H A A TR A ] B 0 AR O 0 T 00 e A 4 A
Sem A R, IREERA S SRR, Hil g 8%
B A E R EE R

5 450
@) 25CAATDC 400
§ -350
° F300 ~
5 <
Z F250 ©
2 S
& F200 5
2 L 150 &
= 17 ~\ T
z A - 100
= /AR
= 04 A L 50
____ =_-< S L 0
-1 T T T T T
-20 -10 0 10 20 30 40
Crank angle/'CA ATDC
+0.16 +0.88 +1.6 +2.32 +3.04

+4.12 4556 +9.52  +13.12 +214
(b)
+124 4196  +2.68  +3.4

+4.12

+5.56 +7 +10.96

()
—25°CA ATDC Bt , BIREIEME(S=0, 6)KH
SHELER AR NG L R
(a): —25°CA ATDC W it i i Hs FI ok #4256 T 28 5
(b): S=0; (0): S=6
Fig. 3 Effect of high and low sensitivity (S=0, 6) fuel on

+14.92  +20.32

&3

in-cylinder pressure, heat release rate and flame devel-
opment at —25°CA ATDC injection
(a): Cylinder pressure heat release rate curve at — 25°CA ATDC

injection; (b): S=0; (¢): S=6

2.2 FESBRERHNBEEKRKIE

&l 6 435 Ry wt i i %) — 25°CA ATDC, S=0 il 6 B}k J4
B &G, BB g R 5 A F KRB s, H %L
I3 A B 6 Rl 275~525 nm i 2 LI R, WA, SR
H Savitzky-Golay )% fl = YORE SR A EL 0 %05 3k Al LA
Xof O % B AT S Ak BT EL R R o HE R 6 R B
B EmE 7 s, B 6 A, M 5°CA ATDC H R 3l T
WE5 CH (431, 4 nm) F1 OH (310 nm) #4R G 5E . A X

541 %
5 450
(a) -15°CAATDC | 400
44 5=0
= 5=6 350
S 4 300
£ <
% 250 8
‘5 21 " r200 =
g . I//\ \ 150 %
_ — \\
? l,l " 100
= .
= 0] //, \\\\ 50
------- =~ c-~-—~=-~<=0
-1 T T T T T -50
-20 -10 0 10 20 30 40
Crank angle/'CAATDC
+4.84 +5.2 +5.92 +6.64

+8.8  +10.24

+142 +18.88  +23.92
(b)
+4.84 4556  +6.28 +7 +7.72

+13.12  +18.16

©
—15°CA ATDC i, BRI (S=0, 6)#H
FEEMBEMANIELZ BN
(a): —15°CA ATDC Bl i i i i 4 il 26 5
(b): S=0; (c): S=6
Fig. 4 Effect of high and low sensitivity (S=0, 6) fuel on

+27.52

+8.44 +8.52

& 4

in-cylinder pressure, heat release rate and flame devel-
opment at —15°CA ATDC fuel injection
(a) In-cylinder pressure and heat release rate curve During Fuel Injec-

tion at —15°CA ATDC; (b): S=0; (0): S=6

N3 Ca) Y RCAGE R E A R R B B s 2] 7°CA ATDC B,
OH i CH B A . 3% B BA ba Sz B8 i Jl 20, 3 2 5t 1%
BMEF] CO H A L% (350~500 nm Z []) b . b il %l 4% £
iR, OH BB EFZ Wi K, 78 11°CA ATDC B, OH &4 6
S e O, LR O 1S 5 R A B i i (E G K I S B
B2 435nm iy o BT BRI B FR AR A LE T, R KA E
AT €8, K M T 5 38 68 OB B AL, IR B RO R A Tk R R
I, OH B iy H 4Bk M0 T 46 8 K iH 4G . 72 13°CA ATDC
B SOOI A BE AL . OGRS 8 B IR {E 7E 450 nm £,
FHIE CO Akt 2 3 5 1 fb 2 & 66wl 55 . 78 20 Al
30°CA ATDC i %] F i 2 (R 6% 8 34 5 13°CA ATDC # [
H R GTE TR A BR AL, MBS BR T BB AR 4. OH fh2: &
PHAE7E, O i T OH B 3 IR B0 9 B 110 A 2 2 ik A 4
bRy EEE A 5. HIE 6(b)I S=6 Gk rf 1, 7E 9°CA ATDC
TG € B OH A s iy CH, AT S=0 SER I, X2



% 10 )

5635 23 M 3003
T USRI TR, MR T SR S N AR . B 2.5%10° @
. " a
h A 2 AR R L DI Y AR AL S AR U R A A R A N
e L2 b J VSN 1 . 336 Ak \ . 2.0x10°4 5
P A 500 BT, BT I 1A [R] AU R K A G 1% e R T LA 3 —
l’§l7ﬂPX)”,T\§'J FEELT L o A 7] SR 10 5 O 1 2 15410° ) i it
7] — 120°
LA . SR A O R, Ol i iR 0 é Lox10° —+30°
£ 1.0x10°4
1EE X2 T R SRR ORI R A K R I A S, AR E A
TIRAFAWH TR A B WIS TR B B AR S j% 5.0x10° -
5 450 0.0
a .0
( ) _SOCAATDC _400 T T T T T T T T T 1
& 4 350 275 300 325 350 375 400 425 450 475 500 525
= _ g:g L300 Wavelength/nm
= 2
53 L2505 2.5x10° -
2 < (®)
= 24 _ZOOE
5 L 150 & . 2.0x10° 4
= 2 — +9°
&1 - 100 3 — e
= L 50 B 15x10°]  — 4120
O 0 £ .
; ; ; ; ; -50 g 1010
-20 -10 0 10 20 30 40 3
Crank angle/°CAATDC @ 5.0x107 4
115  +1744 +1888  +20.32 0.0
275 300 325 350 375 400 425 450 475 500 525
Wavelength/nm
B 6 —25°CA ATDC Biif, %‘1&’&'&@'&%#&%&:‘%5’6%
(a): S=0; (b):
Fig. 6 Self-luminescence spectrum of high and low sensitivity
2352 +28.24 4322 +37.24  +41.92 fuels at —25°CA ATDC injection
® () S=0; (b
+18.88 +20.32 +21.36 2350, +27.52
8 30 2200
[_4
<
<
o
E 17 1100
=)
; g
> « -
+30.76  +33.28 +38.32 +42.28  +52.72 § 5
© O 375 425
o o Wavelen th/nm
B 5 —5°CA ATDC Wi, B{RSBIE(S=0, 6) BhHl . ¢
WELE. BARERMNERREOFIE 830 2200
(a): —5°CA ATDC Bl 1 FE A 128 5 p:
(b): S=0; (c0): S= % 17 11100
Fig. 5 Effect of high and low sensitivity (S=0, 6) fuel on %D
in-cylinder pressure, heat release rate and flame devel- E 5
° N O 325 375 425 475
opment at —5°CA ATDC injection Wavelength/nm
(a): In-cylinder pressure and heat release rate curve at —5°CA ATDC 7 —25°CA ATDC B lﬁi , n'fﬁﬁﬁﬁ@'fi)@ﬂ- 38 B 1 B
fuel injection; (b): S=0; (c): S= (a). S=0s (b), S—
a): S=0; . S=

B 8(a) Fl(b) 437 27k —15°CA ATDC B Z| W57l , S=0
6 B A B R OEOGEE . 2 S=0 0, M 9°CA ATDC JF 45
IS A OH 1 CH ARG, B0 TE 431 nm 24,
Wi % A AR, OH 5 CH A8 b3 5 — 25°CA AT-
DC B3 #I Al . £ 12°CA ATDC if, OH &4 Ja i £ ol . 317
RS CH OGRS . B A fROG 1% 08 B ik B i S . 7€ 16°
CA ATDC i AU I 45 0, 4 IR ok 33 58 B A6 . 0 (i
FEAA0 nmZE A7, BE B A KOG 3 TRk A 0 R S B AR A

Fig. 7 Pseudo-color diagram of high and low sensitivity
fuel intensity at —25°CA ATDC injection
(a): S=0; (b):

CO btk %t . 72 20 A 30°CA ATDC i %) . i %
BEMRUCHRAR e f 1) B R B KR BB 8l N5 — 25°CA AT-
DC W ik 20 Bk AR ] o s S PE R ORE A2 10°CA ATDC i 3
BFHy OH 5 CH ARG . A EC AR BUSPE R R IR B



3004 i 2% 5 61 43 Hr %Al %
3_
5x10° La)wo 25410 (@) — 22
— +26°
. \ i
= 4x10° S 20<10°4 — 30
} S' —— 352
% 3x10° 4 E' 1.5%10° 4 —— +40°
=1 =]
R=| k3]
E 2x10° = 1.0%10°
g 5
@ 1x10° 4 2, 2
& 5.0x102 -
OT T T T T T T T T T | 0.0 N %“‘“‘M
275 300 325 350 375 400 425 450 475 500 525 : E——————..———
Wevelengthinm 275 300 325 350 375 400 425 450 475 500 525
Wavelength/nm
s5x10°{ (®) 5 S|P
e (®)
3 Bl — e
¥ . 2.0x10°1 — e
z — +14° = — +24°
£3x10° 18 B — 4260
.% —:§g° g 1.5x10° 4 — :gz:
s 2x10° £ e
g = 1.0x10° 4 W
2 < LI
@ 1x10° g M
& »
& & "
0 x
275 300 325 350 375 400 425 450 475 500 525 s
Wivelengthimm 275325 325 350 375 400 425 450 475 500 525
B 8 —15°CA ATDC Biith, SRR A B & kit Wavelength/nm

&9

Crank angle/'CAATDC
—_ w N —_ w
Q IS Q S

Crank angle/'CAATDC

W

(a): S=0; (b): S=6

Fig. 8 Self-luminescence spectrum of high and low

sensitivity fuels at —15°CA ATDC injection
(a): S=0; (b): S=6

a.u.
l 4500
2250
0
275 325 375 425 475 525
Wavelength/nm
a.u.
4500
‘ ‘ 2000
{
0
275 325 375 425 475 525
Wavelength/nm
—15°CA ATDC Biif, = {RE R
BREXEREMNEER

(a): S=0; (b): S=6

Fig. 9 Pseudo-color diagram of high and low sensitivity

£ 12°CA ATDC, OH i 5% 3k B e K, Sk W B 7F 425
nm 7247, FLOG %8R AR TR BUR OB, SRR AN Lk .
WA 9Ca) A Cb) IR o A [R) S0 MR R 4 e 6 3% il 2R 25 01

fuel intensity at —15°CA ATDC injection

(a): S=0; (b): S=6

B 10 —5°CA ATDC Bijf, SIRSRIEMRE B R AL
(a): S=0; (b): S=6
Fig. 10  Self-luminescence spectrum of high and low
sensitivity fuels at —5°CA ATDC injection
(a): S=0; (b): S=6

a.u.
Q 2200
a
[_4
<
<
o
> 1100
B0
g
-4
g
S 0
275 325 375 425 475 525
Wavelength/nm
a.u.
50 2200

Crank angle/'CAATDC
W
S

—_
(=}

I 1100
0
5 525

275 325 375 425 47

Wavelength/nm
11 —5°CA ATDC Bt , =188
BattiLEEMNEE

(a): S=0; (b): S=6
Fig. 11 Pseudo-color diagram of high and low sensitivity
fuel intensity at —5°CA ATDC injection
(a): S=0; (b): S=6

Bl SR P B R O o B I RR AR, B 9 5 T MT G,
—15°CA ATDC 1 i i 9 56 385 38 % # F — 25°CA ATDC. i



% 10 )

Wik 2% 5 61 4 Hr 3005

AR IZ I 21 CO Ak 72 5 Bk A0 48 2 B8 3

E 10Ca) F(b) 43 5] F /8 —5°CA ATDC I Z| g3, S=0
6 A I B KOG . 2 S=0 B, 22°CA ATDC JF 45
LIRSS R CH AL OH 4 KOG 1% . BE i fée MR, CH 5
OH M58 B K. 78 29°CA ATDC B, OH 3 4 5 5w 0
Otk Bk B de i H, G K B IR E R 2) B 25 431 nm
Ao Wi B R OG 32k B B R T, B LE CO & ik
SR IG . B W I 2 Ak 2 HEIR L RO R BN R, G {H
L B R T R Bl . UM IR AE 22°CA AT-
DC BB s H OH Fl CH 4 ROG 1. KRR AR, XAl fg
B BT RR RS I )3T TR, BCHREAR /N, B ET N R be
FE RO BB, T PN I B T A AR PR U 58 T R R 1
Wel o [RVEE, ER L 11 W] DL 30 A R MR KN S i i B AR
AR 2L o SR M RO 1 016 335 0 IR T AR SRR PE MR R
i PR i AR

3 45 i

TE— ot ghflb . a2 K A 20 g 5 06T 70 A
5 WEIE R U o 358 20 TR T 498 0 4% 8 S il R e 5

References

PRPE R PE Y SE W

(D 7E MRy PPC BUF (—25°CA ATDC B3 . 44
kBB PE X R B A 5 W B X 4L PR B KU R e D R
W AN o PP R S JC M R i ok AR AR AL P S DA ST B 1T DX 35 T
WA Kk be s b ke, BVEE LK A G 17 ot B . A
RBE S T R AR DK IR BRI B RR A o SRR MR R 4
il T OH F1 CH 7 bk 6385 Hh 30 B4 i 2 BLRAIR T 06 % 50 7

(2)7E —15°CA ATDC Wi ih 21, 55 1 A0 2% 1k 08 ) %o fir
JERHGR R A S —25°CA ATDC A1k, {HJ2 M5 KA
ROCTE R, HRbe S i BRI 20, AR T, G S I %)
o A 2T 6% R B R T PPC AR Gk e

(3)1E—5°CA ATDC #:UF , #ORHEUR M X T B AR
RN W BRI O kA E e R E
O ZJEHE A IO L BT, 2R GEEE N ES
HIBRbE RS s AT, RARIR A S K S8R # 0 X E
TR FFLZE T 188 R T o R B . R AR BB R R OH AN
CH 7 PRG35 1 1 BL IS (8] AH R

()RR RORH I SO M 32 2252 W 25 K 20 R 0
B R GIGHE R B AL KA R SR A5 5 B R GG R
WA AR /IS o K 25 R R Y 1l e 2 32 I il ) 2 52

[ 1] Liu Hai-feng, Ma Jun-sheng, Dong Fang, et al. Energy Conversion and Management, 2018, 171 1787.
[2] AnY, Vallinayagam R, Vedharaj S, et al. SAE 2017, 2017-01-2403.
[ 3] Kalghatgi Gautam T, Risberg Per, Angstr(’jm Hans-Erik. SAE Technical Paper, 2007.

[ 4] An Yanzhao, Vallinayagam Raman., Tang Qinglong., et al. Applied Energy, 2019, 235 56.
[ 5] Fan Qin-hao, Qi Yun-liang, Wang Ying-di. Combustion and Flame, 2020, 212; 252.
[ 6] Tamour Javed, Changyoul Lee, Mohammed Alabbad, et al. Combustion and Flame, 2016, 223.

[ 7] ZHENG Zun-qing, HE Zi-han, WANG Hu, et al (32575, B
PLTAE) . 2019, 40(1): 9.

[8] Shi H, An Y, Johansson B. SAE Technical Paper, 2019.

[9] FanQ, Qi Y. Wang Z. SAE Technical Paper, 2019.

. £ . %). Chinese Internal Combustion Engine Engineering ( PN #4

[10] James P Szybist, Derek A Splitter. Combustion and Flame, 2017, 177 49.

[11] Cui Yanging, Liu Haifeng, Geng Chao, et al. Fuel, 2020, 269. 117441.

[12] Wang Chongming, Soheil Zeraati-Rezaei, Xiang Liming. et al. Applied Energy, 2017, 191 603.

[13] Tien Mun Foong, Kai J Morganti, Michael J Brear, et al. Fuel, 2014, 115. 727.

[14] Cheng Song. Kang Dongil, Aleksandr Fridlyand, et al. Combustion and Flame, 2020, 216 369.

[15] LIU Hai-feng, WEN Ming-sheng, CUI Yan-qing, et al(X|¥Fl, SCE4TF, HEE . 45). Spectroscopy and Spectral AnalysisOGi% 2% 556

BEAE) . 2020, 40(7) . 1998



3006 i 2% 5 61 43 Hr %41 %

Study on the Influence of Fuel Sensitivity on the Spectral Characteristics
of Partially Premixed Combustion in Internal Combustion Engines

LIU Hai-feng, MING Zhen-yang, WEN Ming-sheng, CUI Yan-qing, LIU Wei, YAO Ming-fa
State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China

Abstract In this paper, the effect of fuel sensitivity (S) of 0 and 6 on the flame development and combustion luminescence
spectrum in the engine cylinder are studied in an optical engine by using flame high-speed imaging technology and self-
luminescence spectroscopy. The combustion model was transitioned from the new partially premixed combustion to diesel
combustion mode by changing the injection timing (SOI= —25, —15, —5°CA ATDC), and the fuel sensitivity is changed by
using n-heptane, iso-octane, ethanol mixed fuel. The results show that in the PPC model ( — 25°CA ATDC), the flame
development process starts from the area near the wall and then develops toward the center of the combustion chamber and it is
a similar flame propagation process, and a new unburned area is formed in the lower part of the combustion chamber. Sensitivity
has a more significant impact on the combustion phase and less on the development history of the combustion flame in the
cylinder. The high-sensitivity fuel suppresses when the OH and CH band spectra appear, and the spectral intensity is lower.
With the change of fuel injection time, the spectral change trend of the two sensitive fuels is the same. The high-sensitivity fuel
suppresses the high-temperature reaction process, weakens the soot radiation and reduces the spectral intensity. In the transition
area between PPC and CDC (—15°CA ATDC), the combustion flame glows brighter than —25°CA ATDC, and the combustion
reaction rate is faster than the reaction rate at —25°CA ATDC. The influence of high and low sensitivity fuels on the cylinder
pressure heat release rate is similar to —25°CA ATDC. The combustion reaction is more intense, the heat release rate is high,
and the soot appears earlier. The intensity of the spectrum at this time of fuel injection is higher than that in the PPC model,
indicating that the CO oxidation reaction and soot radiation are stronger. In CDC mode, due to the low fuel activity used, the
time of combustion heat release is too delayed, the heat release is small, and the combustion pressure in the cylinder is low,
which is close to the misfire condition. Therefore, the effect of fuel sensitivity on cylinder pressure and heat release rate is not
significant. The blue flame of low-sensitivity fuel first appears in the center of the combustion chamber at the beginning of the
combustion. and the ignition flame appears earlier, and then the blue {lame spreads from the center to the surroundings, showing
a combustion process dominated by flame propagation. In the later stage of the combustion. the local mixed gas passes the dense
zone causes the bright yellow flame area to increase and spread to the surroundings gradually. The flame development trend of
high-sensitivity fuel is similar to that of low-sensitivity fuel, and the brightness and area of yellow flame are small. The
appearance time of OH and CH band spectra of high-sensitivity and low-sensitivity fuels is similar, and the spectral intensity of
high-sensitivity fuels is low. It may be because at the time of fuel injection, the flame retardation period is long enough, and the
oxidation of ethanol in the susceptible fuel is the dominant factor. Comprehensive analysis shows that the flame development
structure and spectrum development process are mainly affected by fuel injection time. The fuel sensitivity mainly affects the

ignition time and flame self-luminescence spectrum intensity, and the spectrum intensity of low-sensitivity fuels is great.
Keywords Optical engine; Partially premixed combustion (PPC) ; Fuel sensitivity; Self-luminous spectrum; Flame development
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