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Fuel spray—wall impingement processes under
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Abstract: To actively control the development and evaporation processes of the wall-impinging sprays, the
metal surfaces with different microstructures and wettability were prepared with various methods. The
morphological development processes of diesel and n-butanol sprays after hitting the surfaces under
different surface wettability, wall temperatures and ambient back pressures were investigated based on a
high—speed photography platform. The results show that increasing the roughness of the oleophilic surfaces
can enhance the oleophilicity of the surfaces. The oleophilicity of the surfaces can be significantly reduced
with the method of surface free energy modification. As the oleophilicity of the surfaces decreases, the
spreading radius and the entrainment height of the fuel sprays after hitting the surfaces increase. Compared

with diesel droplets, n—butanol droplets have a stronger wetting ability to surfaces, resulting in a smaller
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spreading range of n—butanol sprays after hitting different surfaces. Compared to n—butanol, the surface

temperature has less influence on the spreading radius of the diesel sprays. The spreading radii of the diesel

sprays are higher than 40 mm at the later stage after hitting the walls with different temperatures. The

increasing ambient back pressure has an inhibitory effect on the diffusion of the sprays.
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Table 1 Test fuel properties
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Fig.5 Morphological development processes of fuel sprays after hitting surfaces with different wettability



-+ 3094 - THRXFEFFHR(OT FR)

% 55 %

H1 I S AT DU Y, W 25 488 BE Jm ST i A2 10 6 e
Wt i 7 0 5 Ak 1) L s Y 7 S S B 8 R0 2R Y
BETAT FR 27 A2 38 3L o 32 Pl TR RS S 2
AR5, oz 3 Y ) 32 B0k 3 R B AR
8 B D) S 3, DR 2% T R R A N TR O 1) 5 5
S ARIRES s Bt BN = B S NS LU R L R
P S5 MR o i BE T, S 55 ) il £ - B TR 21X
Sl A v s, 0ol R RE S A 3SR A ) T R T R
AR Y, BEE YRR S, T e TR
R 2 Ak 0 R v Tl TR S AR S W 1)
EIrYEL. AN BRI AR DU T RE W AN, T
P U A T, 2 BRI 2 U E T AR 1) T, AR
T 7 HICE B2 22 00T O I, W DAL % A i R 1) b K AR
G, HE5Ca) (b) (o) Al UL, >4 Syl s 55 8
PO 220 ol ) A T) KL 32 £ BE THT I i 5 5 TR e
JEE R385 T, S 3ok W 55 J8 BE I 9 A4S pw) MRl 1) A4 97 1
P B H /)N o 3 5 B D O It A 3 i R RS ) 4
T, 256 I 2 THT B 256 il P 1 i RELAS J3E AR B 21 il
T X 49K 9 V819 1% IR RS A P B i, 3 EORE 1 X G 25
P8 A2 1 B IR 0 ) ) A T 4 o A
SR 5O Z0 MRy 3 R A L, 2R ER T RE B
i ) e 2 220 ol 2 T 2 R P S R 5 L S S OE T
T P o AR AR 58 55 J8 ol 2% 3 THT i 2 B 7 B T ) 9
R XA Bk > w2 i DY JE 9T R B BN S
PO 220 ok 2 T A L B A R T P AR R I 55 G 8
o AR R BE T 2600 R, IE T e 55 4 o O (W) SR
JE R BCeE AR BN T . X E R T S 5
TR A BL , TE T YR IR X % T 1 9 M T L
BOIE T G 55 f o BE T S G B AR 2R T A 4 R
CiE 2

R A A RE T A A X R A 55 4R BE S P 2
R A R B S WA O S R TE T I P R AR R I 5
8 ol A (7 90 26 P R v i G R A A A T e
F1xF He o Br, 25 SR AN TRT 6 FT s

1P 6 (a) Al LU HY 53l A e T 1 4 o 49Kkl
W 55 14 7 S Qi A e 53 ) 2 I 3 T RE A 1 114 A o 21
b T L A B R AR A R o X R TR R R TR
T P S B R AT X AR VR 1) BT LA T 5 A
LR 7 12 Bl B v 32 B BE D 380 8 25
(4% 1) 328 2l B2 T IR R, LR T BE T ) W8 5% Y
BRI . X MR BUT , BE G T 2 A v Y 5 5
TR R el /D, LS B R AR N . AR
HH 2 T2 T A | 25 ) R AR N

or sbyh —s—LNI1.5 —— LN2.8 —— LN3.7 —— CH

| FTE ——LNI.5 —— LN2.8 —— LN3.7 —— CH

WREA/mm
(98] B W (=
[« [« S S

[\~3
(=}
T

10

/ms
(a) BEEERR XK B 40 R 2

bl —=—LN1.5 —— LN2.8 ——LN3.7 —v—CH
| IETEE —=—LN1.5 —o— LN2.8 ——LN3.7 —v—CH

HIR & E/mm

(b %ﬁnﬂﬂ&ﬁ}ﬁﬂgéﬁwﬁ)ﬁ =2
6 BEERMENMBBRERGREEM
B ERRm
Fig. 6 Effects of surface wettability on spreading

radius and entrainment heigh of fuel sprays

HI T 6(h) iT LU H , PR RRIIE 55 1) 15 0 i 12
A 2 T R 55 ) 28 R 3 THT B A A 19 A o 221 ik
T 5 e, 2 B B A 3 A 2 R 0 L SR 25 Y
B W g RGN . 3 T B N O BB A R R AY
WL WRRHIGR R BB W R A T . S
S S 5 ) 2 T A L, 0 B A 2 A0 5 T B A8 Wi )
BE T b A W0 i el o A  BE T B PRI 55 BT T
JRC A e 2 B B M 25 A T A < Y BE I
A T BE DX IS 5 14 R0 RO AT BT

M 630 T DLt Bl 2 I [] FG 38 i, S i g
5 fi il A (7] 2 TH1 i Bl % ~F A2 0 28 WG ey B2 24 12 S T
7o J o TP 2 R B T E TG 25 4 ol N ) R
TETJi 114 B R A0 R s JEE B SE T R T R X
J& N —J7 T, 1E T B A AT S A Wk A
55 58l AH B, 7 BE TR AR [ A DL T R T R
ZR R H R o Iy — 7, AT A B R R SR
5K T XA T S, S BUROREIBE S5 14 98 R AR B
/N AT LUAE S Y I TR A S A A . iR T T



% 10 #1

M E . RE B @A T R R LA - 3095 -

J DR A5 G 9 LT B AORE 7 1 SR B 3 i 4] m
55 1) JR A R TR g JEE 114 0 {7 B I B 2% e 5
B R A BUE T WG 55 10 Bl JR 1 A% 0 4 W e i
TEIRBIWE (RS T R o DIt A AL 4 o Y 22 &
JE Y BGPTSR AR IS 25 £ Bl R < A0 T 2 I v 8 ) 78
e HA ] A £ 2 A
2.2 EETEGRE FE XA B4R T 3 4E B AR I A R
TE R SHLSE PR T A A8, #5848 00 BE T i
JERE T BUA R AR AL B R o O 1 R 5 BE I JEE XA
I 55 J5 BE 5 R RS R A 52 I, AR 5T e O

Z| Pl KRR B R 2.8 pm [ BE TT 7E 0. 1 MPa i 3R 855
T RIS [v) B T L BE S X6 5 i R I T e it 5% 43 e
JE A R R R IEAT TR . TSR FH 04 BE 1T
B AU 4% 323,373 473 I 573 K, L&l Al IE T 1
R Rk i B o A ] 3 B T S A48 A ke ot A
WmE 7 /s .

HH T 7 R DL 26 A [R) 60 B T I B AR AR
TE T 55 4 RE S U AR 1) AL 1) 09 B HIGE BB 8
Se I mE & /N R 2 ms LU, 22 B O B R .
X F2 I PR Ry > RE T I R AR A A [ Y BE T

0.6 ms 1.2 ms 2 ms 3 ms 4 ms
L |
1 | ———— | — | ———
ETE |
(a) BETHIIR BE 9323 K
—— | —— [ S
P l .
PR - PR— - el
(b) BETHIREE 373 K
-l- — —mm— -—
. 1 l ccidiiihe-
— -
(c) BEMIRBE 473 K
l . i, i,
ETE l |
e

(d) BEIRE NST3 K
7T MMNBEEERARREEERNESLZETRE

Fig. 7 Morphological development processes of fuel sprays after hitting surfaces with different temperatures
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Fig. 9 Effects of ambient pressure on morphological development processes of wall-impinging fuel sprays

TR 6 AT A AE A ““?HaW%E@@ﬁ%ﬂéﬁé%ﬁﬁl‘ﬂ“ﬁtﬁd\ SR, IE
TEREEN KK 0.1.0.3.0.6F11 MPa i & 14+ P IG% 55 AR IR 4 05 TR 25 1 A0 R 2 42 1 B O

T, ST R IE T T R R I 25 fE U B O 323 inﬁ,f@%iﬁﬁ FE R AR A L B 980/ e
K BE T J5 0 5 e A2 G W ey BEBE I (R g 28 A XTI IHZS M DUR R 5395 K 0. 6 MPa fl
FARmE 10 iR 1 MPa i} 4 He é’u%iﬁjbrﬁ 0.1 MPa A

A 10Ca) AT DL B PR R T+ 0.3 MPa i, 555 iz o)) A8 85, Ho 78 il R 3



(T % k)

% 55 %

- 3098 - THRRXFF

0 .
[ WM —=— 0.1 ——03 ——0.6 —v—1

ol ETRE —o—01 —0—03 —4—0.6 —v—1
50

= 1

£ 40

N

.;H_

B 30

g |

/ms
(a) TR X RR 5t B0 IR e A iR
T gy e 01 —e—03 —4—06 —v—1
Lk ETE —o—01 ——03 —2—06 ——1
B f7:MPa
10
£ ol
il
HE
X 6F
fo
4 -
2 -
0
0

(b) FREETE R AR 22 A5 UK 6 B T M
10 REEENRMBEZSHRFENERTEHZN
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