S | =

Transactions of CSICE Vol.43 (2025) No.5

543 % (2025) 55 5 1

DOI: 10.16236/j.cnki.nrjxb.202505047

557 B T BT ARG 4 O AT AL 52

OB, BER, B K, & B, WHA, HXE

(VLI IFRERAFFEBE, YT 212013)

WE: ETREERMRE TG, AT EEIT T U5 5 5 i mE 25 R i a8 (RS & 1 ok
2MPa, RN 293K), W5 T AEFE AT Ay FIBRIMBI T piy XS 55 25 WA B O ARR P 15
Wi s AT R ST AS R, PR T R A B R SR ST be et i sg . S5 5RRHH . g B
ZEPRRAE A BGOSR, {2 piy =120 MPa BHHIZ @R E G WEHEMA M An BINSER/NEREREE R,
Pini= 120 MPa B WESE RIZU2h, HEMASMEARLEE. D EBRINE ] B EREAVRAS, Ay =9.0% Bl RF-FHER
(SMD) H. Ay = 0% BIFRAE 1.45% , #LELRINEAS (=25.0%) S4MHIBEE —miiy, kit re.  thFImiesos i
M, Ay BARERBRRARIRAR M Sei NI R, Ay SR BT SRR, SR IR I AR SR S KBTI, Ay =
1.5% B} 25 K IR 4 J5 BBEH T 46 5 (ASOID) 3.55 ms, Ay = 3.0% HHERTH] ASOI 28 2.70 ms. 534k, BEE Ag36hn, %
DR =g b W EWNTTTY 20 e R RS d i I STR N SN < =t T2 e

KR A L WESERRME; ORISR ABRRRE

FESES: TK422 XERFRRAD: A XEHS: 1000-0909 (2025) 05-0413-10

Visualization study of diesel spray and combustion
characteristics in hydrogen atmosphere

Yang Zhen, Feng Zehao, Yang Kang, Jin Yu, Yang Yizhou, He Zhixia
(Institute for Energy Research, Jiangsu University, Zhenjiang 212013, China)

Abstract: Diesel spray characteristics under hydrogen atmosphere were researched by employing backlighting tech-
niques in a virtual high-pressure constant-volume vessel under an environmental pressure of 2 MPa and an environ-
mental temperature of 293 K. The effects of hydrogen volume fraction Ay and fuel injection pressure p;, on the mac-
roscopic and microscopic characteristics of diesel spray were discussed in detail. Furthermore, based on the spray
characteristics results, this study clarified the effect of micro-addition of hydrogen on diesel combustion character-
istics. The results indicate that the spray penetration increases with 4;;, but the curves overlap when p;,; =120 MPa.
The spray cone angle initially decreases and then slightly increases with Ay, but when p;,;=120 MPa, the spray
exhibits intense fluctuations, and the angle changes irregularly. Small amounts of hydrogen addition (1;;<X9.0%)
significantly reduce droplet size, and the sauter mean diameter (SMD) decreases by 1.45% when Ay = 9.0% com-
pared to that of no hydrogen addition. Excessive hydrogen addition (13=>25.0%) inhibits secondary atomization of
the spray, resulting in an increased droplet size. Due to the vortex effect, droplet size first decreases and then in-
creases radially at lower Ay, while at higher concentrations, it increases slowly along the radial direction. Mi-
croaddition of hydrogen in the atmosphere alters the diesel ignition delay time. The ignition timing is 3.55 ms after
the start of injection (ASOI) when A,; = 1.5%, and 2.70 ms when A;; = 3.0%. As Ay increases, intensity of combus-
tion first decreases and then increases, while the duration of large-area combustion extends, leading to a more uni-
form distribution of diesel ignition points.
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Tab.1 Experimental parameters under different conditions

e 5355 W 5% 25 oM JRbe
I B AR 2% 0, 9, 18, 25, 30, 35 0, 9, 18, 25, 30, 35 0, 1.5, 3.0
PRI R T pin/MPa 60, 90, 120, 150 90 90
W F ST pamy/MPa 2.0 2.0 25
I B Tone/K 293 293 730

x2 ARSERFIBTRERESH

Tab.2 Ambient atmosphere parameters at different hydrogen volume fractions

SR W5 W (Damp = 2.0 MPa,  Tamp = 293 K) KB (Damp = 2.5 MPa,  Tap = 730 K)
IEE U SR TR B /% 0 9 18 30 35 0 1.5 3.0
BB B pam/ (kg » m™) 2298  21.07 1916 17.67 1650 1544 11.70 11.54 11.38
B S ST ftamy/ (uPa + ) 1361 1341 1318 1295 1276 12.56 21.49 21.44 21.39
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Fig.2 Schematic of microscopic imaging technique
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Tab.3 Parameters settings of the high-speed camera

SR WIS SO #Rbe
OB/ (I - s7) 20 000 10 000 20 000
PRI /s 1/50000  1/200 000  1/100 000
2543955/ (mm - pixel ) 0.1087 4.9690x 107  0.098 3
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Fig.3 Processing procedure of macroscopic spray parameters
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Fig.4 Processing procedure of microscopic images of droplets
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Fig.5 Spray morphology under different hydrogen volume fractions and injection pressures
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Fig.6 Spray penetration under different hydrogen vol-
ume fractions and injection pressures
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Fig.12 Flame morphology at different H, volume fractions
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