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Table 1 Basic parameters of optical engine
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Fig. 1 Schematic diagram of optical engine test
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Fig. 2 Visualization scope
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Table 2 Fuel parameters
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Fig. 3 Flame self-luminosity image of D100 fuel at
different cooling water temperatures
(a): 35 C cooling water temperature;
(b): 55 C cooling water temperature;

9]
(c): 95 C cooling water temperature
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Fig. 4 Flame self-luminosity image of DB20 fuel at

different cooling water temperatures
(a): 35 °C cooling water temperature;
(b): 55 C cooling water temperature;

(e): 95 C cooling water temperature
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Fig. 5 Flame self-luminosity image of different fuels
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at 65 C cooling water temperature
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Fig. 6 Self-luminosity spectra of D100 fuel at different cooling water temperatures

(a): 35 °C cooling water temperature; (b): 95 °C cooling water temperature
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Fig. 7 Self-luminosity spectra of DB40 fuel at 95 C cooling water temperature

R OH 45k 63, 76—2 ‘CA ATDC Bt OH 145 S 8 5k
HEWHE, 19 ‘CA ATDC B OH 35 S 3 B K81 48 55 K F .
DB40 #hBH B K6 IEIETE 5 "C A ATDC B % 4 652,
7 CAATDC i, B THMEM CH,O 4., 25
CH,O 34 k. 76 9 "CA ATDC i, OH 347 )t 58 i K H.
W, 25CA ATDC B, OH %35 56 35 14 16 21 42 55 /K
DB40 #4 R 335 1 %% 1K 6 3R K+ D100 #5kF, DB40 #5 4} iy
OH F1 CH, O {7 1 B0 i %038 F D100 kL, 8 DB40
SRR 1 v TR RIVATG SR S 17 Bt 0 AR F D100 #kE, HRE 2 E
JEIE TR B EAR, S B IR IE T BOR A MR o8
BEEL T 480, WA A K, A ot DB40 SRR R R RIS R
SN B Z3R F D100 BRI HLIR A A ol 3% B & 480 A0 18 FH ik
DT AR I SEBR AR, BhAh, D100 R R 4t 2 °C
AT B T 2R A R S (AR AE . i DBAO B kL i B
H CO S Mk 2535 M FFAE . 225t 15 °C A 7 5t Bk KA i S 3%
YRR

3 45

(D HIKIRAAL W 20408 B R 40 06, 9036 K
KT BT Z0 4R W BUR S LE BB/ s B3 i 220 AN A2

References

PER B HUKIREE . WA . 00 R KO TE BRT 28R AT, 06
TR JHE E BN . BEE T BRI B, IR
BRI A RIS KRR B SO 20438 i 6 B0 KA L
BRI K AESE BEREAR KO 5 BE R B /MR Ry . D100>
DB20>>DB40,

(2) 4l 583 (D100 R Rk B Mt vl 41 3R, 8 R 6 3% 119 04 {1 1)
KW TT IR B . B 4 38 5 . O 3% 485 119 )16 5 068 {8 5 3% K
JE /N, OH Al CH, O §i 45 3000 B Z0 #E 3R . 38 B i IR A AIG
TR I 4R 5 el 2R AR, 4R R HUKIE, B Ok
foEER I . OH A CH. O %47 (19 Hh Bk 20 48 /i . 2 91w i
ARG 3R S5 7 i 20 2 i

(35481 4000 1E T BE Ry DB40 #A kLB Wt #E 3R , ok
TE ARG R, OH 1 CH,O %3 i Jeom s (8 5, %
B AR Sy T DBAO SRRt 2 A B T 4R 3 v W AR R R
DB40 #RBL G35 (1 % A6 3R AL T D100 #4%H, H OH #1 CH. O
(A B B 23R F D100 #hokE . ISR IF T RS ok
V14 o 1 AN IR B IO B 20 98 AH X D100 R IR . SOT-15, %
HKIR 95 CLHLF, D100 ety gk it 2 ‘CA B2 B H
T 2 DU AR B A B B ()RR AE . fT DBAO B RHE R B CO
AL E LS AL . 20T 15 C A A 2 BB A0 2B R 58 5
FHAE .

[ 1] Agarwal A K, Dhar A, Gupta J G, et al. Energy Conversion and Management, 2015, 91: 302.
[ 2] ChenP C, Wang W C, Roberts W L, et al. Fuel, 2013, 103(2); 850.
[ 3] Huang H, Liu Q, Shi C, et al. Fuel Processing Technology, 2016, 153; 137.

[4] LiuH, LiS, Zheng Z. et al. Applied Energy, 2013, 112; 246.

[5] LiuH, Bi X, Huo M, et al. Energy & Fuels, 2012, 26(3): 1900.
[ 6] Tornatore C, Marchitto L., Valentino G, et al. Energy, 2012, 45(1); 277.

[ 7] Zheng Z, Yue L, Liu H, et al. Energy Conversion and Management, 2015, 90 1.
[ 8] Atmanli A, Yiiksel B, Ileri E, et al. Energy Conversion and Management, 2015, 90(8): 383.

[ 9] Siwale L, Kristof L, Adam T, et al. Fuel, 2013, 107 409.

[10] Zheng C, Wu Z, Liu J, et al. Energy Conversion and Management, 2014, 78(1): 787.
[11] He T P, Chen Z, Zhu L J, et al. Applied Thermal Engineering, 2018, 140 363.

[12] ZHANG Peng, TANG Qing-long, CHEN Bei-ling, et al(§§
(6): 489.

6, FEH . BRI, 458). Transactions of CSICECPEPLZEHR) » 2014, 32



2004 i 2% 5 61 43 Hr %40 %

[13] WANG Zhan-cheng, WU Jian, SHANG Wei-wei, et al( L3, % filt, FififH. %). Vehicle Engine(ZEH & 81#HL) . 2016, (6): 61.

[14] HOU Shu-mei, LIU Hai-feng, ZHENG Zun-qing. et al (E#{#fF, X0, 4253 . 45). Transactions of CSICECH#AHLAHR) . 2016, 34
(6): 481.

[15] Hwang W, Dec J, Sjoberg M. Combustion and Flame, 2008, 154(3) . 387.

[16] Liu H, Zheng Z, Yao M, et al. Applied Thermal Engineering, 2012, 33; 135.

Effect of Blending n-Butanol in Diesel on Flame Development and
Spectrum

LIU Hai-feng, WEN Ming-sheng, CUI Yan-qing. ZHANG Chuan-qi, ZHENG Zun-qing” . YAO Ming-fa
State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China

Abstract N-butanol is a promising alternative fuel for diesel. The study on the self-luminosity spectra of combustion intermedi-
ates and flame development in diesel engine cylinder was helpful to understand the influence law of diesel blended n-butanol deep-
ly on the combustion process in diesel engine cylinder. Therefore, this paper used the high-speed flame imaging technology and
self-luminosity spectroscopy analysis to study the effects of pure diesel and diesel blending n-butanol on the flame development
and self-luminosity spectrum of the engine cylinder on an optical engine. During the test, the optical engine speed was 1 200 r »
min~ ', with an injection pressure of 600 bar and an intake air heating to 398 K, bringing the temperature around the top dead
center to approximately 900 K. Pure diesel, diesel blended with 20% n-butanol fuel and diesel blended with 40% n-butanol fuel
were represented by D100, DB20 and DB40 respectively. The injection masses of D100, DB20 and DB40 were respectively 17. 5,
18. 7 and 19. 2 mg per fired cycle to ensure the same engine output. The experiment results show that when the cooling water
temperature remains unchanged, with a delayed start of fuel injection (SOI), the ignition delay is shortened, the initial fire
nucleus formation time is delayed, the blue premixed flame proportion is reduced; when the SOI remains unchanged, with the
increase of cooling water temperature, the ignition delay is shortened, the initial nucleus formation time is advanced, the propor-
tion of blue premixed flame decreases. With the increase of n-butanol blending ratio, the characteristic of the local mixture is
first ignited, the ignition time is delayed, the proportion of blue premixed flame increases, and the flame luminosity of fuel de-
creases. The luminosity of the flame is from D100>DB20>DB40. For D100 fuel, with delayed injection, the peak of the whole
spectrum shifts to a larger wavelength direction, soot radiation is enhanced, the peak light intensity of the OH band first increa-
ses and then decreases, and the occurrence time of the OH band and the CH; O band is delayed. indicating the high temperature
and the low temperature reaction delayed. When the SOI remains unchanged, with the increase of cooling water temperature, the
light intensity of whole spectrum increases and the occurrence time of OH and CH, O bands is ahead of schedule, indicating the
high temperature and the low temperature reaction advanced. With the SOI delay, the whole light intensity of the spectrum of
DB40 fuel after the diesel blended with n-butanol, increases, the peak light intensity of the OH band and the CH, O band increa-
ses, which means that delaying injection to DB40 fuel also helps to promote high temperature and low temperature reactions.
The whole intensity of the DB40 fuel spectrum is lower than that of D100 fuel, and the occurrence time of OH and CH, O bands
appear later than D100 fuel, indicating that both the high temperature and the low temperature reaction of the fuel after the addi-
tion of n-butanol are delayed relative to the D100 fuel. Under the condition of SOI-15 and cooling water temperature of 95 C,
the spectrum of D100 fuel exhibits similar characteristics of the soot blackbody radiation spectrum after 2 ‘C A, while DB40 fuel
first exhibits the characteristics of CO oxidation continuous spectrum, then the characteristics of the soot blackbody radiation

spectrum are exhibited after 15 ‘C A.
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