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A Study on Water Droplet Distribution of Primary Atomization Generated
by Water Film Disruption in Airflow

i PN

ITO Daisuke

ABSTRACT

i B

TAKEDA Yoichi

Hillp 5

NAKANO Susumu

Droplets of the primary atomization generated by disruption of water film, which flows on a plate set in parallel

airflow, are observed by a high-speed camera to investigate effects of airflow velocity, a flow rate of the water, and

a thickness of the plate edge on the water droplet diameter distribution. Although the airflow velocity and the flow

rate of water affect the distribution pattern, the thickness of the plate edges has little effect on the distribution pattern.

The distribution patterns of the primary atomization were approximated by exponential functions whose exponents

were obtained by performing multiple regression analysis. Modified breakup model that is focused on a water lump

accumulated on the plate edge and its disruption frequency is proposed. Spanwise unstable wave length of the water

lump is compared with calculated and measured one, effectiveness of the modified model is shown.
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Fig. 1 Experimental equipment [units: mm]
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Fig. 2 Cut model of test section [units: mm]
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Fig. 4 Effect of airflow velocity on droplet distribution
(Qw/b=14.5x mm?2/s, R0.30)
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Fig. 5 Effect of water flow rate on droplet distribution (R0.30)
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Fig. 6 Effect of thickness of plate edge on droplet distribution
(Qw/b = 29.0 mm?/s)

3.4 FHKEE

SR ARIERG)TREN LT Y 7 FIHEDREHIL L
720 HEMICBU B W & FHE % Table 1, Table 2,
Table 3IZ/RT o ZOMEREMNT, [iHE LYY ¥

Qw/b Airflow velocity [m/s]
[m?/s] 54.4 81.6 108.8 136
14.5 517 322 244 200
29.0 530 332 248 208
58.5 551 348 267 223
Table 2 Sauter Mean Diameter (R0.60)
Qw/b Airflow velocity [m/s]
[m?/s] 54.4 81.6 108.8 136
14.5 503 324 242 204
29.0 518 340 258 215
58.5 549 359 273 228
Table 3 Sauter Mean Diameter (R0.90)
Qw/b Airflow velocity [m/s]
[m?/s] 54.4 81.6 108.8 136
14.5 509 328 249 210
29.0 515 338 255 218
58.5 548 364 277 235
600
® 14.5 mm?/s
— A 29.0 mm?/s
500
;E:i- 58.5 mm?/s
S'400 |
[0}
@
€
2300 |
(a)
]
= 200
g D,, =3.21 X 104U, 1038
& 100 F D3, =3.19X 104 Um'l'030
D, = 2.82 X 104 U, 09%
0
0 150

50 100
Airflow velocity U, (m/s)
Fig. 7 Sauter Mean Diameter (R0.30)

Fig. 79 5 W & PR I AT & e sl L ¢
W BTN C & b, Gepperth™id, % ¥ SE¥kL
FLLT, ZhETIIRESINLTUXNEZH S OFER
F=F LR L Twb, By R34 R0k
HE DB XFETH N, EL-Shanawany 5734
Uit O-1.25 12, Sattelmayer™®id-1575 12, Ainger®

Download service for the GTSJ memper of ID | via 216.73.216.213, 2025/12/14.



Vol. 49 No.6 2021.11

R[RPDKBESRICESTRETEI—ROHKERAHICEHTBHAR ar7

1Z-1.053 12, % L TGepperth® &4 i 4 B »-0.93F 12
Wy RSB TS Z L ERL TV S, KF5E
% % Ainger & Gepperth® #E R I EWH Z R, —
75, EL-Shanawany & Sattelmayer® #& % & (X TEBE A H
%o ZhE, Ainger & Gepperth® 22 TIE EH O H
TCKIMFEZFHNL TWbDIZxt L, EL-Shanawany &
Sattelmayer®fFECid & ) TR TOEHNZIT->THD,
TRGBOHEDPEFEALL TV DLZ ENERTH S L%
ABNb, ROMOV T 7 FHRAEIL, MO L W%
GRERDFEONTBY, —KRGEEZPZ TS LT
&%,
3.5 KEREESH

Fig. 4, Fig. 5, Fig. 6DfHR0 5, ARFEFRHPFANIZ B W
T, W7 7 7 TR S A S Z R LT
W3720, TR TRENLIBES A ERETE
%o

£ = 9@ exp(-5) 0

22T, dIIKEE BRAMEREDTLERTD
bo fdR)IIHERFEEMBTH Y, CFRBIIBIHHE
GAES 1 B2 Ehbg(B)BRETE Bo FFIZ, &
FIA0<d<ooD & Ei3g(p)=1/BIF LA BN, AW
Ddmin<d<dwaD b F1F, XB)THEES,

d
i)
oo (5 on 5]
BB & TRIHEFE N ZHET H 2 EHTE
%o Fig. M1Z7R L7 KRB 0 A & S B BTl L
7R R 2 Fig. 81T o FREUI D> B AR B DA il %2 HX
D, COMFEAETLHIETEIRELNS,

fd;p) = (5)

1

‘TE 54.4m/s f(d) = 0.0113 exp(-0.0050 d)
E 01 81.6m/s f(d) = 0.0519 exp(-0.0107 d)
3 108.8m/s f(d) = 0.1719 exp(-0.0172 d)
~—
= 001 N\ 136m/s f(d) = 0.4876 exp(-0.0238 d)
<
(O]
3 0001
@
L
© 0.0001
(O]
N
©
£ 0.00001
S
=2

0.000001

0 200 400 600 800 1000 1200

Droplet diameter d [um]

Fig. 8 Exponential approximation of droplet distribution
(Qw/b=14.5 mm?/s, R0.30)

Fig. 92, “FARIGIE A 2SR0.30, #57KHE &= &= 23Qw/b
= 145 mm?/s, 29.0 mm?%/s, 585 mm?/sD & & D& i #
L BOMBRERYT . AR E P L 7R % )
TR KAEROMBRED S, WIThofKitES

Download service for the GTSJ memper of ID | via 216.73.216.213, 2025/12/14.

THZOWTH, SUREEE & B OBIRIZR & Felr Pl & A
DTEIV—HERT I EVTH 5,

FIRRLS, KR, FHOREAEAICOVWTH, £
FINLEHORERETEML 72 #5H % Table 41271
o R EICHE LTI, SudEE108.8m/sbl Tl
BITHAKREDOREFE AL LTOEPBEITH 575,
81.8m/sLL T TOMBIIKT 3%, M OMERIE, FIK
WHEAIIK LTOHR TV AR, NEFIPR 0K
MAKREOYE LY /NS, BITHT 2 B4 L
HBoTWwbIZlzRmLTW5S,

DEXY, BOMICIERIHEEDI R DMV EEL RIT
L, TORRIEREFATRIFICENTE S, — /T,
MR &SRR A DO ZALIHE D g OB LR & ek
W, REATESM Tl B OZALIZ IR KL= R
WIREADEEN KR ER LN VL OO, FHEEmE:
TIE, FARRICEHL Tdd s REOMBENEZRT,

300.0
® 14.5 mm?/s
B =1.65X 10° U, 1688
250.0 R?=0.9948
A 29.0 mm?/s
200.0 ° B=9.01 X 10% Un 1552
R?=0.9923
. 150.0 58.5 mm?/s
B =4.46 X 10* U 1376
3 R?=0.9923
100.0 R &
=
50.0 o
0.0 I I I I
0 30 60 90 120 150

Airflow velocity Uo [m/s]

Fig. 9 Effect of airflow velocity on 3 (R0.30)

Table 4 Power Approximation for
(Application range 87 <d <1113 xm)

Water flow Correlation Correlation
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rate [mm°/s] equation coefficient R
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Airflow Correlation Correlation
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velocity [m/s] equation coefficient R
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Water flow 81.6 p=81.8 (Qw/b)"** 0.4064
%/ 0.11
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54.4 p=192 R %3 0.5547
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Fig. 11 Change in total pixel numbers of droplets
(Un=108.8 m/s, Qw/b=29 mm?/s, R0.30)
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Fig. 12 K-H instability and Gepperth model."”
(Un=81.6m/s, Qw/b=29.0 mm?/s)
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Fig. 13 Ratio of wave frequency and discharged water
frequency,a (R0.30)
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Table 6 Values of fwav , fsp, and «

Qw/b

) U, [m/s] 54.4 68.0 81.6 95.2 108.8 122.4 136.0
[mm?®/s]

fwav  [Hz] 75 169 238 322 441 625 869
14.5 fsp [Hz] 50 80 100 130 150 180 210
fwav/fsp=a 15 21 24 25 29 35 41
fwav  [Hz] 81 120 166 237 288 398 480
29.0 fsp [Hz] 50 80 100 130 160 180 210
fwav/fsp=a 1.6 15 1.7 18 1.8 22 23
fwav  [Hz] 58 84 121 159 192 238 277
58.5 fsp [Hz] 60 80 100 130 160 180 210
fwav/fsp=a 1.0 1.1 1.2 1.2 1.2 13 13
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Fig. 14 Comparison of measured and calculated A i,
(Qw/b=29.0 mm?/s, R=0.3)
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