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Comparative Measurements of Bubble Velocity

by LDV and Two—Conductivity Probe
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ABSTRACT

The subject of thiz paper iz to werify measurement of vapor welocity by conductive probe
using Laser Doppler Velocitmetry in an air-water flew, & comparison of the two method is
made on the besis of simultaneous measurerments of local mean welocities through a 10z1 Dmm>
transparent acryl wertical charmel, And High speed wideo swstem was used to measure vapor
velocity independently, The range of welocity measured is from 02 to 12Zmfsec, The flow
regimes wary fram slug to bubbly flew, When LDV iz applied, a dependency of welocity
measured on bukble size is investizated, & standard LDV was used to the wapor welocity
using direct kackscattered light, & bubble welocity measured by LDV agrees -with the result

by measured two-conductivity probe with maximum 41625 error,



2

red
19
r|r
in/
0¥
=i}
ot
(LY
=
2z
12
o
=
~
0¥
1=
4
0¥
=
2
Hi

le
ue r
Elord
ri
0
ﬂ.
=2
°
T
~
=
e
2
™
K
=2

o
<

= o

o gz rH
e
et
1=

()
il
e
=
=2
e
=
of
H

TER A
@ H £
ik
[u]
Jo |#
il
% rr
iy =
12
o
L1 rlo
_IE. J'u
E o
il
B i
= o ojo =
BT
)
e
)
m

o |m
_|:",1_:
)
41
1=
e Fe

A pl M
0 e
2 % o

29 gn flF re
a
i
)

r

e 2 yg I
|.|'|

=
M

rg &2

e Hl 41 Mo
= o
=[i]

el

40 3

o
2 q
2
1= ofl
|

o
Jo0 = e
=

B 2 2
i H1

rlr
r3 o

1=
Flo He of

0
|
LE
rlo
|
=
L2

s
o2 K
=

(o
El
L
o
=
P00l o
(=)
1
=
=
m
e L
[2]
[}
.
[}
5]
=
el
—t
]
o
=2
1=

qu
- A

mEL a9 e o oo ™ 2 oofl rh
[0 o= 2
S5 orE

=

I
i E'l? 1

rlr

=

i

=
0 of
i

El

i

boo 1i

E7

okl i1}

r

=1

o =

Ir

=

A
_ I‘II‘ r_l:",i_:

-
—_
rh
=2
=
i
=
=)
|
—
]
<
1=
r= o
HI
s
& g
4d
I
i

[
ri
L=
2
=2
1= 7
EI!'_I.
r
rm
i
e

= rlo
4L
r|o
g
HI

w2
=[]
2]

e UEE Doppler signalg 48 2 It
& BE o 02RY gt 2 UAte] AES AHdstETH

Ohba [2]= reference-beam LDV E AMEFl J)Z2] 28 208 2AHzldon J)zs) o2
2 YAe £ &3 LDV SE4 BfREE BEYT Matin [3]2 J1E2E] I8 doiAg

(pedestal) A 20] HE A ZAN = ds 2ASHE 2 Doppler signal®] 3 E 0] &5t
AR E F12 JE 28 FE(rising velocity)E F a5

Lae et al, (Lee&Srinivasan [4] ¢ Lee&Cho BIE B8 HAE filterbankE ©]Ei]A A|ZHd £
oto] 2AHE RIS dte MEAF gatingS AMESIETH ¢ M2 Tsuji, et ali1986) o £
Ao AZI I EN 23 vEE A 51 photodiodeE AMESH ME mEo 2H

AN AL, WAEZRY JEE B85 0] JES A AE Wol 2 St

Oho] ZAHTIOHY BAHENA = HE JEESH AHTHEAA ST
J8L HREE] 0]F AR ES A Aimeasuring volume )BT 2 21E7F AL ofe] 24
Ao HolAd ZHs F2E OE JNES0 HE o e 24, B2 oY 3§ A4

[

A m2d #2 o Z1Eol W rising velocityS ZstETh BN Ftew aetmls wol
dub dekdel LDVE Z3T @RI gREOIL, HIE 2320
2% @371 U

refrigerant-1135 WE=Z A ESe ERHEE LDVE 025K ES5LRE &
LD 27 oK Velidandla [6]), Zebaebd LDV 231 24 232 ojs T2 #Wo|n}t
E JAZAHE 1ME] PRTE s Zukierd LDV E AME MY shug flowdl A bubbly flow F
= 1]

12

A7)

o NEEE

H
F
kg
0
LE

1 ZA¥S MEstd I3 AFE e 2 =
Fgt wEs dFSiET B 5] dHeE ST 2AE 0N AEE B 1EIHEE
Argstd ZE%H 2as} Hlusky LDVE % 7125 S84 HEd Y 2 3 Jys] A
A T4 FHS 74 AL
z 8 ¥

21 LDV A|~&8
IB0EHRH £ 7% 2FE A

s fH ol ZAsts gl #@olA
e YA 1 TR Doppler 23t ;

= AT,

rg o
i
1]
o
my TIr
ol

f2)
=i]
2
1=
I

|.|-|

it
A4
0



Doppler Zitel I3t ZEHE FT+ WOIWE HUSEZ YWY AU T Lorents

transtormationS APEdHA] FiH0F S} A2 transformation L= DA w0 i 22
T FY 4 20 o3 LDVE MThyAs] 2HR HHERY £ E 3its o Doppler £
2 w2 At Doppler ZAE 93] 22 712 Zreference beam)S =AM Doppler 21}
2= o) HAE5IE reference beam modedt HO|HAZE T Mo WM ZHoz Lo 25
Eoz2AAEN DAAAH E2HEE 2HE RHES YA AUEY E5E Doppler AEE 0] &3]
= dual beam modeE LR ZT 2 4FoM = dual beam mode?] ZRMIEHEAS] LDVE A}
] e el LR S AR HH”*E HhAlG] HIEH 107004 107 FEZ ] eFgt atstme] AEE gt
Jl EA HMEAHZL] EEe] feut ol FRe Mot ZEA ] 280] o]t fhEo] 21
oE A5 ¥ad H2519 -E—,E_}?ﬂ Z5 0 E-W Tt dstEe] FAHEE IESH] Ss 1EH

+ 3150 5145nme BTE A= Ar-lon HOIAIL BRI BsIA = A
o BHe® Urofd £ 2FAIN 1000mm Y AZHZE B4 JAEHN Rop3nh LDV E
CantecAt2] Zebatetd o] 24 E BExmodular LDA optics A2E2E ® | AY F4-o 3

Fringe sparing 67746
Murnber of Fringe 37 A
Warre length 5145 nin
Craussian Bearn Dia. 134 mm
Bearn separation T mm
Lens Focal Length 1000 rron
Bearn Collirator Exp 1

Beam expander Exp. 195

Takle 1, Charteristic of Optical part of LDV swystem

xR S0 AT LDV Al2Z2 HHE i gains lowdl] BEAA A Ar-lon #O]
Aol £92 3W, 4MHzH bendwidthE ZY=Th J™ 14 FAAEAA Yo 2 ek
= PMTE 559 2F, +3HHA HEZEHE EH61Y O9 28 &2 w8 ZHE HF=
ceilloscopel TEK 7444, SI0NMHz)H YU=ido] /D ©EE £ GPIBE Ed FEFH Y=z

Osilloscope 2] MENHUES FFT 328t M FFT 43ME Zut4 JHAS JHsi=d 2 43
ol AHE 250Msisecs] HMTMABE 50000Me] BES MYt 655362 FFT 3718 =L 0
HZ FFTol <%t Zm}4 TDHQE 5000HzO| O olel siFets & e 23 A ¢
2h8emO|Th HEx 2] Fobs hEE FFTE 320 23] FefAled A2 21T 2y 2os=
Niquist frequency® % MIES F2F € of & (1) o] gHILOL

¥ i fegumey = % (1)

LDV ate] £ HWE el A23Ac . S8 (Pak et al [TDS zﬂolpﬂ T o] paldos BE)

Imm o EA5%eH DLy FIHZE 0§ FSsHETH = 10mmol =9 o3

% Imol EOIE ATTUYON DHAE lemoIT, S22 A0 flpm oIk



016:
014:
012:
010:

0.08

Volt (V)

0.06
0.04
0.02

0.00

-0.02

HIGH SPEED i _‘_
VIDEO CAMERA | MEASURING
SECTION
IMAGE | 1
PROCESSIN | ~
CONDUCTIVITY
PROBE
LDV ]
ﬁ
—* FLOW METER
1
|
H— 1 &
JASYIN
BAND PASS
— PMT
FILTER AIR COMPRESSOR
I
H SIGNAL
OSCILLOSCOPKE PROCESSING

Figure 1 Schematic disgram of LDV swstem
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Figure 2 Typical Doppler sighal bandpass filtered
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(a) louid flow rate @ 0 lpm (b) liquid flow rate @ 3 Ipm

Figure 7 Bubkles motion by HSV
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