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Fig.2-1-1 The picture of experiment apparatus



Fig.2-1-2 The picture of compressor

Fig.2-1-3 The picture of flow meter
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Q Q2 Q
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0.5 1.5
2.5
3.5
Single 200
1.0 150
1.5 200 150 300
2.5 200 150 300
3.5 200 150 300
Single 100
1.5 3.0
4.0 100 250 500
6.0 100 250 500
Single
2.0 5.0
7.0
9.0
Single 300
2.5 5.0
7.0 300 300 600
9.0 300 300 600
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Table 3-2-1 Critical Air Flow Rate
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d S Q(cc/min):Increasing Q(cc/min):Decreasing

mm mm Qch Qc,1 Qc,n Qc,1
1.5 280 270 270 260

1.0 2.5 210 200 200 190
3.5 280 250 240 230

1.5 4.0 450 440 400 390
6.0 440 435 400 390

2.5 7.0 520 460 500 460
9.0 580 500 600 520

1000 — T ! !

S 800, :

§ 700 © © UpperQc i

8 600+ e = |ower Qc i

3

g 500r T

) 4 - -

= 00

d

= 300r -
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< 200 -

® . .

O increasing

- 1  TTmm==s ecreasin

O g

1 08 1 1 I I 1 1
4 06 0.8 1 2 4

Nozzle Spacing s

Fig.3-2-1 Critical flow rate dependence on orifice distance
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Fig.3-2-2 Critical flow rate dependence on orifice diameter
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Fig.3-2-3 Bubble-point time series of single orifice
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Fig.3-2-4 Bubble-point time series of two

orifice in sub-critical region
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orifice in transient region

Super—critical(d=1.0,s=2.5mm,Q=300cc/min)

Super—critical(d=1.5,5=6.0mm,Q=500cc/min)

Super—critical(d=2.5,s=7.0mm,Q=600cc/min)

Super—critical(d=2.5,5=9.0mm,Q=600cc/min)

0.1 0.2 0.3 0.4 0.5
t (sec)
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orifice in super-critical region



@2 oo—ooooo

Period (sec.)

— 9
O A AATANANNANNAN NN
0. 032_ d _____ _ 7
0.025_ Single, d2.5mm, Q=300cc/min] 6

DI E
0.04F Single, d1.0mm, Q=200cc/min] o
0.03f 17
0.02} 16

9 | 1 | %
0.04;- 5 Single, d1.5mm, Q=1OOCc/min_: 8
0,03} ey
0.02f ooeeeeeee S . 16

0 | 1 | 2%
0.04;-

0.03 ,
0.02} _

0 . 1 . 2
0.04f Single, d1.0mm, Q=150cc/min|8
0.03F — Ana s A—A- \7:7
0.02F" T 16

0 | 1 | 2

Time (sec.)

Fig.3-2-7 Departure period and diameter
time series of single orifice

Bubble Size (mm)

30



31

(ww) 8z13 8|qgng

(-o8s) pouad

(ww) sz18 81qgNg

o) ve teToriap Simeie) ve WieTo oot mesle) ro NieTonlip Nimer N2 co T eeTon10p Sume Ie) o e o iop Sumen) OXAOOINRED OO
T _.— mTrT KT T _“ T T —m—l N T T _|| i = T m T "_ T 1T N _m LI AlH—HlIWV ~ _ﬂ_ T 1/7T T°T1 m T _\\\_- T _M—I ~
§ £ { 3 Q <l S | e A\ 3] 3
H 3 \ o o -==a o i O . fe . 3 S o
i o H IS) S - S~ [=3 (=3 > ISy L o |
i S - ! S S =l 1 F © | 41 Fwl - < > < S
| Q i N - o] N - hN I s @
| i : & & TS & &1 T g &
i gl o 4% £k == L g 4oL £ 4 gl | < £
" £ { £ lo g E | ol £¢ o £ . £lo
! E / O O RN, S | 6 g S
! S L (DN I I I B | L ¥ 1 L+~ i <« 1L ~
g L tER =N E Y b < g [ SO R
4 . oy S SRS £ ! g/ g <
' E L E |9 E > T L E 1o £ > 1@ 7 =1 I 51«
i & ) Sl 2 £ S 2o o 2./ S o | - i ¢ =
\ - { © I o o N N \ © N °
' ° | & ey e = ) = TN ~ N £ L/ £
u 1 TNG R ST [ S 1175/ 1777 o [ s 5[ S :
. g e o - e < . T NF
. i el 1L I 1< £ L < 1<
o V=l K= S S o Pl o ©
o o || TR — o L\ b
N S 117 ~—7 4 4
: eI © { o T
© | 1 AN o TR L 1N o 1o o L SKsY
m o = Of T © e el ©
1 1 1 1 1 1 0 1 1 ._ 1 1 1 1 1 r_llluul_lll_lln 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 &FMUA.IA%UA.Z?OO &&A_ILUA_Z?OO
OOTNAT O~ ONIFNANTO - ONTNANT—O - OTNONT— O OONTNON—O
SO0000~ OCOBO9o . 909809 OC98OS 99809 220222 229999
coocococo OCOOCO0OOS OOCCCOS OO0C0oS Ocoooo Cooooo CoOoooo

(-o9s) pousad

Time (sec.)

Fig.3-2-8 Departure period and diameter time series

of two orifice in sub-critical region



Period (sec.)

0.1

0.08
0.06
0.04
0.02

Twin, d1.0mm, s=2.5mm,Q=300cc/min |

0.1

0.08
0.06
0.04
0.02

Twin, d1.0mm,s=3.5mm,Q=300cc/min

02 04 0.6 0.8

0.1
0.08
0.06
0.04
0.02

d Twin, d1.5mm,s=4.0mm,Q=500cc/min

o

0.1

0.08
0.06
0.04
0.02

o

0.1
0.08
0.06
0.04
0.02

1 1
06 08
Twin, d2.5mm,s=7.0mm,Q=600cc/min

02 _ 04

0.2

0.2 0.4 0.6 0.8

0.15
0.1
0.05

Twin, d2.5mm,s=9.0mm,Q=600cc/min

Ll A 1 1

o

Fig.3-2-9 Departure period and diameter time series

0.2 0.4 0.6 0.8
Time (sec.)

of two orifice in super-critical region

— L

32



3.23. Re—=VU OO Q

33

gooobobbbodoooobbbibddrRe=vooooooobd

N
o

10

Dimensionless Departure Bubble Mean Volume, V

RN
OI

—2

2- T T T T T
Present data (d=2.0mm)
e volume of each bubble
1 — mean volume
0._ -
s | "o °
o S%B8%e_°
L
o °%
1._ Lo ® =
[ L] @ ]
[ 3 [ ]
[ J
[ ]
[ ]
L T | L .........I L 1l L L1
10° 10’ 10° 10° 10

Orifice Reynolds Number, Re

Fig.3-2-10 Distribution on Re-V flat



34

324. UODOO
guboobbtoogooobbooooobbbuogoooobbbuooo

guobobobooobbboggoobbuoooobboooobobboooao

guooobbtoboooooobbuogoooon

12 — T T 12 — T T T 12 — T T
1r 1 11F 1 1r 1
101 q 10 i » b 101 . q
Single orifice Single orifice
— 9 1 — 9 d=1.5mm, Q=250cc/min. 1 = 9 d=2.5mm, Q=300cc/min. 1
€ Single orifice ) € €
E 8r d=1.0mm, Q=200cc/min. 1 E 8 1 E 8 1
g 7 187 18T f
(2] 0 (2]
o 6 1 2 6 1 2 ¢ 1
¥l rel ¥l
2 13 1 &3 ’
5 4+ Single orifice 1 % 4r Single orifice 1 5 4+ 1
S 3L d=1.0mm, Q=150cc/min. S 3k d=1.5mm, Q=100cc/min. S 3tk i
o x o
2r 1 2r 1 2r 1
1+ R 1+ 1 1+ 1
ol v 1 0 S S S S S SO S R ol 1
0123 456 7 8 9101112 01 23 45 6 7 8 9101112 012 3 45 6 7 8 9101112
Lateral Bubble Size [mm] Lateral Bubble Size [mm] Lateral Bubble Size [mm]
Fig.3-2-11 Bubble shape of single orifice
12 — T T 12 — T T T 12 — T T
1M+ Twin orifice 4 Mr 4 11+ Twin orifice 4
d=1.0mm, s=1.5mm,Q=100cc/min. d=2.5mm, $=9.0mm,
101 7 10F b 101 Q=300cc/min. 7
— 9r 1 — 9f 1 . 9r Single orifice g
£ Twin orifice € £ d=2.5mm, Q=300cc/min.
£ 8 d=1.0mm, s=3.5mm, 1 & 8r Single ori 1 £ 8 1
_ . ingle orifice
§ 7 Q=100cc/min ] % 7T d4=1.5mm, Q=100ce/min. ] § T ]
o 6f 1 e 6 1 o 6 1
a rel X a
-g 5+ Bl -g 5+ Twin orifice Bl -g 5+ Bl
o 4t . 3 | o 4l d=1.5mm, s=4.0mm, | o s B
= Single orifice . 5 Q=100cc/min. =
S 3l d=1.0mm, Q=100cc/min. | T 3L i S 3l i
& = Twin orifice ©
2r 1 2r d=1.5mm, $=6.0mm,Q=100cc/min. 2r 1
i .
1+ d=1.0mm, s=2.5mm,Q=100cc/min. 1 1 1 Lv;llzr!50;1‘21(:,85=7.0mm,Q=300cc/min.
0 L L L L L L L L L Il L L L L L L L L L L Il L 0 L L L L L L L L L Il L
01 2 3 45 6 7 8 9101112 01 2 3 456 7 8 9 101112 01 2 3 45 6 7 8 9101112
Lateral Bubble Size [mm] Lateral Bubble Size [mm] Lateral Bubble Size [mm]
Fig.3-2-12 Bubble shape of two orifice in sub-critical region
12 — T T 12 — T T T 12 T
Single orifice
1M"r R 1Mr Single orifice 1 11F d4=2.5mm, Q=300cc/min 1
10- . | 10k d=1.5mm, Q=250cc/min y\ “ B 10-
9l Twin orifice . i | Twin orifice 4 e 7 | Twin orifice
= d=1.0mm, $=2.5mm,Q=300cc/min. T 9 d=1.0mm, s=2.5mm ‘ 3 = 9 d=2.5mm, s=7.0m
£ 8r 41 £ 8f Q=300cc/min. o/ B> £ 8 Q=600cc/min.
= — (o ] —
@ L 1 o L Y @ L
> 7 5 7 8o S > 7T Twin orifice
o 6f 1 o 6f R o 6 d=2.5mm, s=9.0mm
a e} Q Q=600cc/min.
g 5 18 5 1 8 5
2 4t 12 4 1 2 4
K] s ]
2 3 1& o 1 &3
2r 1 2r 1 2r
Twin orifice Twin orifice
1r d=1.0mm, $=3.5mm,Q=300cc/min. 1r d=1.5mm, s=4.0mm,Q=500cc/min. 1r
0 L L L L L L L L L Il L 0 L L L L L L L L L Il L 0 L L L L L L L L L Il L
01 2 3 45 6 7 8 9101112 01 2 3 456 7 8 9 101112 01 2 3 45 6 7 8 9101112
Lateral Bubble Size [mm] Lateral Bubble Size [mm] Lateral Bubble Size [mm]

Fig.3-2-13 Bubble shape of two orifice in super-critical region



35

325 0UOooooooooo
goooobbbgodoombbodoooobbbooooooobbd

0.05 0.05
Single, d=1.0mm, Q=150cc/min Single, d=1.0mm, Q=200cc/min
0.04r 1 0.04 d
* 0.03f . t 0.03f ° 1
2 0.03 h a 0.03 o ‘
o -
2 k) °
& 002 . & 0.02f 1
0.01r 1 0.01 B
0 L L L L O L L L L
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Period, P, Period, P,
0.05 0.05
Single, d=1.5mm, Q=100cc/min Single, d=1.5mm, Q=250cc/min
0.04+ . 0.04 J
[ ]
t 0.03f s 1 t 003 °® -3"' .
o o
N ~ [ ]
g g T
@ [ b4
& 0.02t . & 002t o o 1
[ ]
0.01r 1 0.01 b
0 L L L L 0 L L L L
0 0.01 002 003 004 0.05 0 0.01 002 003 004 0.05
Period, P,
0.05
Single, d=2.5mm, Q=300cc/min
0.04 i
t 0.03f 1
o
o
g
& 002 .
0.01r 1
0

0 0.01 0.02 0.03 0.04 0.05
Period, P,

Fig.3-2-14 Return map of bubble departure period of single orifice



Period, P4

Period, P4

Period, P4

0.05

0.04

0.03

0.02

0.01

0.05

0.04

0.03

0.02

0.01

0.05

0.04

0.03

0.02

0.01

0.05
[ ]
Twin(Single bubble) Twin(Twin bubbles) °
- d=1.0mm,s=1.5mm,Q=200cc/min 1 0.04[ d=1.0mm,s=2.5mm,Q=200cc/Min 1
- [ )
H . 1 of 0.03F B o .
siFy ] . ®
0 {8 oo} ® e ¢ ]
oo“ o = o
r 1 0.01 B
L L L L O L L L L
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Period, P, Period, P,
0.1 . . T : :
Twin(Single bubble) 009" Twin(Twin bubbles) 1
rd=1.0mm,s=3.5mm,Q=200cc/min 1 0.08r d=1.0mm,s=2.5mm,Q=200cc/min
0.07 .
F 4 D_E 0.06 | o Y ® q
v v immmarn PE
, y 1 & oo4f o | e ]
[ ]
LY 0.03+ i L9 .
e @ hd
3 1 0.02(| ®® ¢° 1
0.01} ° 1
L L L L 0 T T T T T L L L L
0 001 002 003 004 005 0 0.010.020.030.040.050.060.070.080.09 0.1
Period, P, Period, P,
0.05
Twm(SlngIe bubble) TW|n(S|ngIe bubble)
d=1.5mm,s=6.0mm,Q=100cc/min 1 0.04+ d=1.5mm,s=4.0mm,Q=200cc/min |
e
H : 5 0.03 b .
K
<
k)
r 1 o 0.02r b
o
r 1 0.01 b
L L L L 0 L L L L
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05
Period, P,

Fig.3-2-15 Return map of bubble departure period
of two orifice in sub-critical region

36



Period, P4

Period, P4

Period, P4

Period, P,

Period, P4

0.05

0.04

0.03

0.02

0.01

0.1

0.09+

0.08
0.07
0.06
0.05
0.04
0.03
0.02

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0.1

0.091

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0 . . . .
0 0.01 0.02 0.03 0.04 0.05

0 S S S
0 0.010.020.030.040.050.060.070.080.09 0.1

0 . P P P .
0 0.010.020.030.040.050.060.070.080.09 0.1

Twin(Single bupble$

r d=25mm,s=9.0mm,Q=300cc/min 1
L]

.;oo’

te® @ ¢ 0% .o
r «*
L]
]
L o o o

PerioV
A

Twin(Single bubble)
[ d=2.5mm,s=9.0mm,Q=300cc/min

e N

o . P .
0 0.010.020.030.040.050.060.070.080.09 0.1

Period, P,

[ Twin(Twin bubbles)
[ d=1.0mm,s=2.5mm,Q=300cc/min

S
[ 0 o 1

Period, P,

[ Twin(Twin bubbles)
r d=1.5mm,s=4.0mm,Q=500cc/min 1

| :.’- -‘.'3" 1
ChR

Period, P,

Twin(Twin bubbles)
[ d=2.5mm,s=7.0mm,Q=600cc/min

.
2o °e
{ gl

0 . .
0 0.010.020.030.040.050.060.070.080.09 0.1

Period, P,

Period, P4

Period, P4

Period, P, .4

Period, P4

Period, P, .4

0.05—» T T T T
. . [ X ]
o Twin(Twin bubbleg)g
0.04 d=2.5mm,s=7.0gnm,Q=300cc/min |
., ™
003 pt e ° 3 ..
.03+ . g
o i ...} ....
002l Mk TR ) .
L] L] .. ..{
L] L]
0.01} R
..
0 (]

0 0.01 0.02 0.03 0.04 0.05

PerioV
¥

0.1 — T

[ Twin(Twin bubbles)
0.08 d=2.5mm,s=7.0mm,Q=300cc/min

0.06} ]
0.05 & <o X ]
(] 1
0.04? l i |
L ”' L& ]
0.03 by 3
(d 1
0.02f ”'." . ]
L]
0.01f ° : J
0 L L .\' L \I L L L L
0 0.010.020.030.040.050.060.070.080.09 0.1
Period, P,
0.4 —

009 Tyyin(Twin bubbles)
0.08] d=1.0mm,s=3.5mm,Q=300cc/min
0.07+ 4

0.06
0.05F 1
0.04 1
0.03F ‘ N
0.02 1
0.01r 1

0 0.010.020.030.040.050.060.070.080.09 0.1
Period, P,

0.1 ———————

0.09F Twin(Twin bubbles)

0.08| d=1.5mm,s=6.0mm,Q=500cc/min
0.07 !
0.06 4
0.05-
0.041+
0.031
0.021

0.01F

0 . .
0 0.010.020.030.040.050.060.070.080.09 0.1
Period, P,

0.1 — T

009" Twin@win bubblgs)

0.08F d=2.5mm,s59.0mm,Q=600cc/min
0.07f g
0.06}
0.05f
0.04f
0.031 ®

0.02

0.01r

0 . .
0 0.010.020.030.040.050.060.070.080.09 0.1
Period, P,

Fig.3-2-16 Return map of bubble departure period

of two orifice in super-critical region

37



38

326. UODOO
goboodooobobgooobudoooboooobbooooobd

guoooobd

0.5 I T T T T T T T T
g
/
/ .
/
/ /
v

I Twin(Transition regime)
0.4} d=1.0mm, s=2.5mm
: Q=200cc/min

@ . Bubble-B, .71~
o Bubble-B
- 1

o
N
T

01F 477 'Bubble-A .

0 /. 1 L 1 L 1 L 1 M
0 01 02 03 04 05
Ta (sec)

0.3 T T T T T T T T T

Twin(Transition regime)
I d=1.0mm, s=2.5mm, Q=200cc/min

o
N
T
I

o
—
T

Frequency(Density)

—8.04 -0.02 0 0.02 0.04 0.06
Time Difference , tg — ta (se)

Fig.3-2-17 Time difference between two
Bubbles in transition region(d=1mm)



Tg (sec)

Frequency(Density)

0.5

0.4r

0.3

0.2

0.1

0.3

o
[N

©
—_—

8

Twin: Super—critical
d=1.0mm, s=2.5mm
Q=300cc/min

Bubble-B, ¢~
8 Bubble—B,

Bubble-A e

02 03 04 05
Ta (sec)

Twin: Super—critical
[ d=1.0mm, s=2.5mm, Q=300cc/min

.04-0.02 0

Time Difference , tg — ta (sec)

0.02 0.04 0.06

Tg (sec)

Frequency(Density)

39

05 T T T T T T T T
Twin: Super—critical
d=1.0mm, s=3.5
0.4- Q=3OE)T::T:/r:in o ]
0.3F .
Bubble-B
0.2F 8
0.1 \Bubble—A -
0 +// . 1 . 1 . 1 . 1 L
0 01 02 03 04 0.5
T, (sec)
0.3 T T T | T T T T T
Twin: Super—critical
d=1.0mm, s=3.5mm, Q=300cc/min
0.2F .
0.1F .
1 [ | 1 | 1 I 1 1 1
—8.04 -0.02 0 0.02 0.04 0.06

Time Difference , tg — ta (sec)

Fig.3-2-18 Time difference between two bubbles in

super-critical region(d=1mm s=2.5,3.5mm)



Tg (sec)

Frequency(Density)

40

05 T T T T T T T T T 05 T T T T T T T T T
Twin: Super—critical ’ Twin: Super—critical
d=1.5mm, s=4.0 d=1.5mm, s=6.0
0.4 Q=5081:T/n?in m ] 0.4F Q=50(r;r<];r:/r:in o
0.3r 1 © 0.3r Bubble-B, 4
3 Bubble-B,
0.2t 1 - 0.2F .
Bubble—-A,
0.1F . 0.1 Bubble—A, g
O-b //. 1 L 1 L 1 L 1 L O-I"::/. 1 L 1 L 1 L 1 L
0 01 02 03 04 05 0 01 02 03 04 05
Ta (sec) Ta (sec)
0.3 T T T I T T T T T 0.3 T T T I T T T T T
Twin: Super—critical Twin: Super—critical
d=1.5mm, s=4.0mm, Q=500cc/min 1 F d=1.5mm, s=6.0mm, Q=500cc/min
=
0.2 1 @ 0.2 -
[0}
()]
=
o
c
0.1f 1 S o1t -
(o8
2
—8.04 -0.02 0 0.02 0.04 0.06 —8.04 -0.02 0 0.02 0.04 0.06

Time Difference , tg — ta (seq)

Time Difference , tg — ta (sec)

Fig.3-2-19 Time difference between two bubbles in

super-critical region(d=1.5mm s=4,6m)



Tg (sec)

Frequency(Density)

0.5
0.4
0.3
0.2

0.1

0.3

0.2

0.1

§

Twin: Super—critical
d=2.5mm, s=7.0mm
Q=600cc/min

Bubble-B,
Bubble-B;

" Bubble-A,

02 03 04 05
Ta (sec)

Twin: Super—critical
d=2.5mm, s=7.0mm, Q=600cc/min

.04-0.02 O

Time Difference , tg — ta (seq)

0.02 0.04 0.06

Tg (sec)

Frequency(Density)

0.5

0.4r

0.3r

0.2

0.1

0.3

0.2

0.1

8

41

Twin: Super—critical
d=2.5mm, s=9.0mm S s
Q=600cc/min

Bubble-B,_,

02 03 04 05
Ta (sec)

Twin: Super—critical
d=2.5mm, s=9.0mm, Q=600cc/min

.04-0.02 0 0.02 0.04 0.06
Time Difference , tg — ta (sec)

Fig.3-2-20 Time difference between two bubbles in

super-critical region(d=2.5mm s=7,9mm)



42

33. O0OoOoooog
goooobbbgdooooobobboggoooobbod

(1)) 0O0ObhOoOoboobobon

gdoboOchOOUOO0boOoobooOogn
QC:F(O-’p’(pl_p)g’d)
gooboooobooagn

(o2
- 0 000 = [|—2
\fd“ f( j ‘N -pk

OOooOo0oooecoboonog
p=1.166kg/m’
p, =998.2 kg /m’
0=0072N/m=0.072kg/s
oooood

\f ‘/(1)(1)6 = 4.024 s/ mym]
le = 0.072 =2.715%x10"° [m]
(p —p)g (998.2—1.166)x9.8

p Oc _ 10°/60 Qc 5 QOc . . )
o g A de =2.121x 103d3/2 Qc :[cc/min], d :[mm]

d/lc=0.8683d d:[mm]
0000000000000 0O0O0Fe.3-3- 1000000

gooooobbodoggooaoon

p Qc _fii
o d?? Ic’ Ic
oood

P Qc :f(i i}
o lc”? Ic’ le

O0000000000DO0OD0ODO00 Fig3-3-200000000



1000
900

800
700

600
500

400
300

200

Critical Air Flow Rate Qc, cc/min

108

Fig.3-3-1 Dimensionless critical flow rate and orifice distance

ok

Diemsionless Qc

0.1

4 06 08 1 .
Dimensionless Nozzle Spacingr s

2

4

Dimensionless Nozzle Diameter d

o o Upper Qc Incresing Q
e = |owerQc Decresing Q
1 1 1 T I N
0.3 0.5 0.7 0.9 2

43

Fig.3-3-2 Dimensionless critical flow rate and orifice diameter



44

(2) ooooooooo

goooobbbgoogoobbboooooboobboooooobbbd
goooobbbgdooooobboooooboobb e d
goad

0 0
ﬂ+&+lu02: ¢e—}—pg +lu62+£uez+Ahf HREEN
oo p 2 oo p 2 2

O00000E00O000D0Doooooooooooooonoooooooond
goooobboogoooobbooodad

E=E+&6,+£,=22404+04=3.0 Oooad

godooobbbgooooobbogooooobbbooooooobbd
goooobbbogggoooobbodoooubbbooooooobboogao
gooobobbbgdoooobbbgoooooobbbd

Po_Pe 1y, 2p0,2 28, ghg

p p 2° 2° mt

goooobbbgdooooobobboggoooobbod

u:;g ooo

gooobbbbgooooobbboooooboobobbbooooooobbbd
godd

ms%20<ms%z 00O

gooOonoonooan

—u, +=>u, +—u, =———-<— ERERE



45

goooon

o, 29 <y 000
d pd

1+& ), +
000000000000000000a00000

u,<a goo

e

o 64 16(1+&)0  64v
“‘2(1+§)N(d2]+ pd dd
B ( 321 J: 40 3m
War+¢8)) - pd+8) @*(1+¢)

OOooOooooecoboonog

p=1.166kg/m>, o=0.072N/m, v=15.6x10"°m"/s
goooobboooogn I=10mm=001m OOOOOOOOO

32V 32x15.6x107°%0.01 1048
d*(1+&) (0.001)*(1+3) '
40 4%0.072

pd(1+ &) 1.166%0.001x(1+3)

=61.75

goooobbbodgoooobboood

u, =0o=+1.248" +61.75-1.248=7.957-1.248 = 6.71

max

md® _md’ 3.1416x(0.001)*

4 u 2 x6.71=527x10"°m* /s =316¢c/ min

Oc =

guooobbogoooooobn



46

3d3.2. U00onoobooga

0000000000000 0O00O0O0O0O0O0O0O0O0OO0O0O0OOO0O0OoOOn
Fig.3-3-30 Fig.3-3-40Fig.3-3-5 0000 000000000000000@O00O
0000000000000000000)000000000000000000
00000000000000000000000000000000000000
000000000000 00000000000000000000000000
000000000000 00000000000000000000000000
000000000000 0000000000000



d=1.5mm Q=100cc/min .

o o
® © =
T

o
\I
T

— Single orifice

Frequency Density
© O o O O ¢
N W H O O

—

| —Two orifice s=4mm )

o
—

+—Two orifice s= 6mmD
0 0.01 002 003 004 005 006
Departure Period p, sec

Fig.3-3-3 Distribution of departure period (d=1.5mm)

0.6 . . . . .
d=2.5mm Q=300cc/min

o
(¢}
T

ﬁingle orifice —

=>
% 045 __ Two orifice s=9mm
Q \
3 --- Two orifice s= 7m -
0.3 * .
= \
() .' \
g foA A\
o iy Al
o 0.2F R YA/l I i
YAl
/I /\'I |‘
0.1} ALY \ .
><‘_/ /‘\\\ 'l”' \\:‘ \

0 0.01 0.02 0.03 0.04 0.05 0.06
Departure Period p, sec.

Fig.3-3-4 Distribution of departure period (d=2.5mm)



48

3.33. Uononooooga
gooobobbbgdooouoggooobbooooooobbbogobbd
000000000000 DO0O0D0DO0O0OAO Fig.3-2-50 Fig.3-2-60 Fig.3-2-7
guobobobooobbboggoobbuoooobboooobobboooao
guobobobooobbboggoobbuoooobboooobobboooao
guobobobooobbboggoobbuoooobboooobobboooao
guoobbobbtboooobobobgooooobboogo

d=1mm Q=300cc/min '
0.9t i
— Single orifice(Q/2)
0.8f — Two orifice s=2.5mm
0.7+ — Two orifice s=3.5mm
>
= 0.6f | |
o
A 0.5¢ H ]
)
c 0.4 |
= 0.3
(0] I .
0 i\
0.2F \ i
0.1F m i
0

1 1 1 1
0 0.01 0.02 0.03 0.04 0.05 0.06
Departure Periond p, sec.

Fig.3-3-5 Distribution of departure period (d=1mm)



1 T T T T T T
0ol d=1.5mm Q=500cc/min i
0.8 . . _ T
— Single orifice(Q=250cc/min)
0.7} — Two orifice s=4mm -
— Two orifice s=6mm
> 06r 1
2
[ 05_ N
Q
&> 0.4r 1
&
> 0.3f 4
(ox
o
w 0.2F .
0.1r 1
= I I I I I
0 0.01 0.02 0.03 0.04 0.05 0.06

Departure Periond p, sec.

49

Fig.3-3-6 Distribution of departure period (d=1.5mm)
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Fig.A Bubble picture of sub-critical region (d=1.5mm,s=4mm,Q=100cc/min)
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Fig.B Bubble picture of transition region (d=1.5mm,s=4mm,Q=450cc/min)
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Fig.C Bubble picture of super-critical region (d=1.5mm,s=4mm,Q=500cc/min)
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