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A Study on Water Droplet Distribution of Primary Atomization Generated
by Water Film Disruption in Airflow
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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)
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Table 4 Power Approximation for
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Water flow Correlation Correlation
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Airflow Correlation Correlation
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%/ 0.11
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thickness
[mm] 108.8 p=63.9 R “%% 0.9177
136 p=49.3R " 0.6847




478 [RFOKBEARICSSTRETI—RORKERAHICET MR

HA#HR 2 -EZR0

3.6 —RAHETHEL ZKFEZEEDHOELKX
B x&R6)TRT LI, [MHEEU, [m/s] O E,
AR Qw/b [m¥/s] @ n 3, FHUGEAR [m] @
0%, Efe DRTHEMT 5,
Q n

BUp, Qu/b,R) = US (TW) RPexpy (6)
N6)L, FEEWNS Z & THRIERIC R 2720, ERGS
WETIo

lnﬁ=y+(anm+nln(QTw)+91nR (7)

Table 5ICE\G AW O RERT, [FONTHED
i, ZONFEERAE BIOKER ST A —7 1T
LPHEY% R, 2 TPIZ, ZhZENDFERINS * —
G DRI E AN AT T ML 2R L, — W
WCPIEAR 5 %% TS L, 2085 2 —FIZHWERKIC
U CRRMED S 5 LHIBICTE B, $hbh, SitHE
EARRKIE RSB APIIZIEF IS L, ThH0RT
A — FIIIKIGPHEE A B BT T EE R OND P,
SRR AN B PAEIERY 6 % & K& <, ARIEERHPH
PIZBWTIE, PHURIE A DO ZE AL KT A (2 A
BB rL 2w, 525 LTHIFFITNIVE
BLBDLIEDNEZLND,

% 7z, Table 51278 L7238 B D ME A & K554 OHfe
REE B, ATEEC 2 58, MIXIEDME
Yhbe IR, IO EFIHEVHIRKE O B4
A L, Rk B X OSEARCRIE A OB PR

KiGDEFZIERTHENH)ZLEZRLTEDY, Fig 4,

Fig. 5TR LM & —H ¥ %, 72, T OHMBOMRS
iz BT 5 &, RIEEIZ D05 R OMED MO b D
EHBL TG EE, ROEEZLRH137 X512
o TWhHILEHfRTE S,

Table 5 Results of multiple regression analysis

Water flow Edge

Parameter Air velocity

rate thickness
. g n 0
Multiplier
12.35 -1.46 0.086 0.051
Standard
L 0.16 0.035 0.020 0.026
deviation
P-value - 1.35E-29 2.62E-04 5.96E-02

Fig. 1012, FEERAS R OKWELES A b EEH 7z
oMk, 3(6)& Table 5 HHM L7z fofiz kL
AR R T, AFEEINRE VT, ERRE R LG
FARERICEODENRRONDLD, LA IV AE L ERR
= N ERAS L 2D, WA SEN (8 <100)
TR EBH R L FTERE RS RIFIC—HLTEBY, ZoMH
BCCIEARIIZE TS L 7238 B2 D v T2 O3 JEME A
HBohlzdboneEzbhb,

3.7 KEOHSHEL

KIS ROWFEWARD &, P T DK ZU IR
WME2BIEE X 7z Fig. 11HE AU & ) 40mm F it
BT A KHEOFMELZ R LAZKTH 5. KikE
BRIIBRITH D 2 EDGD b T OMBKEREDE
LB 7 — ) B, ZONRNT—=ZAXT NVEE
OE—=I %G L7z tL7 L—24]0<t<N) 1B}
SAREEL() EBLE, Wi T —) WA X ()1
@) THEHZIND,

250
00 U,=54.4 m/s 'i’f
2 ﬁfv.
w150 | U,=81.6m/s
é r
g 100 r ‘f
& X
@ )
50 ” U,=108.8 m/s
. U,=136 m/s
0 I
0 50 100 150 200 250

B (Calculation result)

Fig. 10 Comparison of experimental and calculated result of 8

N-1
X(f)= Zx(k)exp(

k=0
ZZT, NE¥RgmGoe7 L -8 nl3MEE
HIRBTH 2. M7 — V) ZEBWROFE R 587 — 2
R MVIXN)POREET o720 78T = AT B VIR
FI160HZIZ ¥ — 7 fli & 520 2 O BEBILRET T2
PRV U B AR DT BRI 2 S, PR

—2mi X k) (8)

Tl IXEBIIIBR L D AEL, OB OmAKE
SROFMEEERIZLTVDLEEZ LN,
3000
< 2500
Z 2000
= 1500
1000 & AN
0 (N e P A Ry
0 2 4 6 8 10 12 14 16 18 20

time (ms)

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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