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A Comparative Study of Visual Spray and Combustion Characteristics of
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Abstract: To clarify the spray. auto-ignition and flame development characteristics of dimethyl
ether under flash boiling condition of high pressure injection, the spray and combustion character-
istics of diesel and dimethyl ether were studied comparatively by using a constant volume vessel
and the schlieren method. During the experiment, the injection pressure was 60 MPa and 100 MPa, the
ambient pressure was 4 MPa, and the ambient temperature was 400 K and 800 K under spray and
combustion conditions respectively. The results showed that the penetration distance and spray
area of dimethyl ether were smaller than those of diesel, but the spray angle was larger than that
of diesel, the atomization time was shorter than that of diesel, and the atomization was better

than that of diesel. With the increase of injection pressure, the penetration distance and spray
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area of both dimethyl ether and diesel increased. The spray area of dimethyl ether under 100 MPa

injection pressure increased by 18. 18% compared with 60 MPa, while that of diesel under the

same condition increased by 23.5%. Compared with diesel, the ignition delay and flame lift-off

length of dimethyl ether were shorter, and the combustion duration was similar, but the flame

brightness, flame area, and soot of dimethyl ether were lower significantly. With the increase of

injection pressure, the soot of diesel and dimethyl ether decreased, but the soot of dimethyl ether

decreased much more significantly. For example, the KL sum of dimethyl ether under 100 MPa

injection pressure decreased by 33. 3% compared with 60 MPa, while that of diesel under the

same working condition decreased by 19. 32%.

Keywords: constant volume vessel; dimethyl ether; diesel; spray; combustion characteristics
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Fig. 1 The schematic diagram of constant volume vessel
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Table 1 Experimental conditions of spray and combustion

ZH A
M 55 #REBE
Wt 54 K 1/ MPa 60 100 60 100
5% 9 Jik 9 / ms 1 1
WL B4/ mm 0. 14 0.14
WhE iR /K 400 800

http: // zkxb. xjtu. edu. cn

1.3 BEgELE

Ab IR SR W5 55 RGBT L H IR 3 TR I ol —
A A Ay ) A 4 o R BRE AL R T — Ao A A
22, AT AE O TR] B2 1) 8 O ARk DL 25 B R
St BEJS N B R AT R M Ak B, T A5 WS 55 Y 30 2 e
J . AT F T Matlab g i3 (08 72 5 2K 115305 55 14 7 LA

T8 S 56 H T A bR 4R HE AT AR g R AE L 15 3 AL
PP IR I A AR (e s ) LA B A5 R B0 S PR A R 19 LA

k= @)

e S Ry R AL AR 40T A 8 1Y SEBRBE B 5 S, R B
BAEA LRy S B BT AT B AR R A

Wi 55 BT ZERE D AR DS 1 BE B 35 o e v
PE B . 555 HE AR E S DA H 11 90 2 1 25 1 5 3]
D/2 Ab i 4 YT 2R Z 18] 1) Je ffy . W 55 T R 5
FEHE 0] I 1] T g 35 2] 1 5 dz BE 5 1) 140 55 BT PRI 1)
TR RS 2 R B A fe W R B, 55 TH
FRUAT A T+ 53 M08 55 300 5 1R P9 A9 45 3R R R B PR
pIEMUNIVEY/E NG

AL RLG B =30 1 7 200 B b R BE 47
it A7, 1 R X0, 725 3 2o 3o 019G o 5 35 17 35 4 0 Ak
PRRIR B0 1 — A 2 0 A G o 3 )
OKIEAE 2 AP A A, X R A B 4 R
AT A TR P e U R A A B A3 Y G R
2 G SR AT K PR TG N A I B R B AR 1 1
A G - N AT E S B S o I QPN
0.546 1 pm. Ay 4 0.4358 pm, T S8 S BR,
Z: 25 SCHRL12 b 58 45 R 115 [RRORHEA b i 114
KGR KL A+,




o561

XM 2, A5 T i 0 S i S I A M 25 5 J8R  mT LA X FEF Y 155

TESE I i R v 25 0l HTAS [R] B AR 2R 4T S 0 ek
e SR LT A A SRS A T OF ] S BTN 0
il S 36 3ok v i 25 R 242 F PR R S AL R
UESC I b B B o TR I 7 A [ B ek R A 52
6 IR e BT B4 S 8 A i % o A Bt A e AT
ERV

2 LR 5108

2.1 BIBEREZEN

AR SR U8R v R R B 0 55 FA R K145, JF ik
YIS 25 al A e B 42 L LI 55— T Sy ot 55 i R e 14
B S . TESR BT K 1 4 MPa, 3R 52 5 B S 400
K B, WESF IR F7 43 318 60,100 MPa 25 1 %] 1% 4b 31
J Y S s 55 08 5 A2 e i # 2 s .

2.35 2.95 3.55 4.15 4.75
ff ] /ms

1.15 1.75 2.35 2.95 3.55 4.15 4.75
1 [i1] /ms

(b) B 5 F1 28 100 MPa
Bl 2 Sealimiss g Ak

Fig. 2 The shape variation of diesel spray
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