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Void Fraction Measurements Using the Impedance Method

M.H. Kim, H.C. Yang, C.H. Song and M.K. Jung

Maxwell equation

Void fraction, Two-phase flow, Impedance, Resistance, Capacitance, Electrode shape,

Abstract

Impedance method was carried out to design the electrode that can measure the void fraction of the bubbly

flow in pool reservoir. To find out the optimum electrode shape, Styrofoam-tests were performed in a

specially designed acrylic reservoir.

Three kinds of electrodes were designed to compare the characteristics

of water-air flow. The resistance was increased as the void fraction increased and the capacitance was
decreased as the void fraction increased. The resistance is a main parameter to express the nature of the
water-air flow in impedance method. Almost all the values of impedance were involved in resistance.” The
degree of deviation from the mean-resistance values showed reasonable results. Electrode type-I expressed
excellent results among the three electrode shapes. The impedance values in void fraction 0-10% were
similar to those of Maxwell’s equation. But the impedance values in void fraction 10-20% were not similar
to those of Maxwell’ equation because of the edge effect near electrode.
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Fig.1 Schematic diagram of the Styrofoam simulator
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Fig.2 Photograph of the Styrofoam simulator
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23 M3 gyd uua £¥

P89, AY, A4 AFE o]&Eq =
i 2l Fog JFE&ES 28 /WA 49
H2E 2X39.  Figd £ AH4E dFdM
AA2A &4 A 282 F9] Jig, HA ¥t o
3 A& B 2&ES el Fold

(#0.0) (00IRA)  (DO3RB)  (0ORC)

(00@B)  (OO6RC)
4 i

(0.06KD) (006RE)  (O.06RF) (005RA)  (DO9RB)
. i P

. - 71“‘ i L2 A -
{DOSRC) (GO0SRD} {DO0RE) (G13RA) kﬂlﬁk) (9 13RC) (0 13RD)

o b1 |8 : | eeee]

% g | 9900]

* 39821 . 333

ol b ik, (9989
(026RA)  (026RE) (026RC)  (O29RA) (Q2RB)  (036R) (a%R)

Fig.4 Styrofoam array distribution representing void
fraction in rectangular electrode

24 Fosd euda 53

AFabololA B9 A AE-S LCR-meter €
olg3ta} FAFAt ZSAHWAT FHE T5kHz
~ 30MHz o9 o] @ uvEhd ddds HE
€ Figs o JehiAdt A7 A
olgto A Ao AAF AY e
Aok, zdm olrg & FaF
e AdAE2 ARl AR AA=
. weEld 71 BAAELE AS
75kHz oA A8t ZHFOZH Resistance
Fo] AujAQl FholjA diojejzte ving &
V=EF 3

gl
lo
g
& n

N
i
e r

o .
o 2

u
o

[o)

oo rIr 3 r
N e o e

g
<

s oy
>
<y ok nft 3o x>

600 = oo

| voo FRACTION 4 % ELECTRODE
@ TeEl |
e h Wea ¢ TvEW|
O TYPEW |
- |
il |
|
w .. !
g j
. |
7 i R |
B m
s, |
%
3 5 |
. |
r el
L A i
w, Tt
.t [
ol e e 0 el &4,“

10 100 1000 10000
FREQUENCY (+z )

Fig.5 Impedance measurements with frequency
5 B9 MIdzx 5
<4 2o ANAEEE FH37) A5 Fig. 1
2o Fzold B9 A9A de A9 AP
& EA%Y B o AR 2= A7
Ak Figs I Zol 3P FAAFE 4SS
o A A3 Azl Astd) tig 29
A #e FAAT. ANARE AdS A
A 2o Fgol g FYAFE AU
o g Ag ogdd TE F Uk

N

=)

}.
3}

}é‘
1

-723 -



g7l AZAREE AT A YHYd o
gA+E Adtetn AFdH AdeE S3s84
AL 5 ok

I=S-s-DV )
714§ = 2¢H /cosh™'[(W? - 2r%)/ 2r?)
ofe g A/AEE 2¥e dAE 2y nja
8t vehd ol

Q=Sk-DT (3
[=S-s-DV (@

A7NAE=E AN 2 Fig? I Zol &9
A7NAEE7 dAsHA Yehdo
T

S

H
roy
=

| w

Fig.6 Electrode used in electric conductivity measure-
ment of water
[ r=6.35mm, H=320mm, W/D=2~20 ]

0.020 500 -20
L R

. Jao -

0015 <

- 300

{1 ¢

1 & J10&
1 F,
3

¢ 0.010}
4 200 4

0.005 <
f < 100 4

0.000 + L L L bt 0 08
f2.0 20 40 6.0 8.0 100 120

Fig.7 Electric conductivity of water

26 2ERE ZAMER AlE 24

20l /X8 MY 2ERE /18 A3
o 713&& SAHSE B 2HEEF 71X F4
B(e=1.03)2 E9 FH8&(=78.0)° nlslo] FAF
A== AovE AHZES IVE BAE £ A
gz gtk A3 G4 Be Iuus ¥y
E BEYoEAN A4 E-37] 7IXF Aged o
g 712RRE AFsty 71T&E aAFe= 3
2% F & AS¥9HE 43 5+ U
26.1 TS gelol ai2 YA ¥

AZ el wE dud2 wistd] g d3e
Fig.8 of Yeplith. o= H¥d, 149, A%
o] AFe] @ vaZAY dojEHE HPFHe=2
vetd Zojoh.  FuFP(ol @A), AP (LA
Aol Fatgd Ag kel B3 Maxwell equation(

Mpgozy Woht glon Azayd B39
RN FALE 2HE UdHUE AL 2 5
ek o Agelde neT P& £z P&
A 7122 §AN7 AAAE F= N9 =
Rgo 2E2Eoz YA Qolok ST A
o A Wi 3P4 WRAT 2E2F
228 Rojck

zRE ALY Fus AT Z FAF ol

]

fio odt i o,

Cshie A3e 23 AN & ARYe E o

g AZFL Z= FHt 7158 £R HEE A
oz @¢ad £ Qo
10 1]
1 Hype alacrode » -g
Linear, Y-BXeA By 4
mm-x.m P

Ltype electiode
Linear, YaB'%eA

Y = 0525026 * X + 040435

.
o

8

eloctrode .
+ Linwer, YaBAA
¥ = 101156 X+ 00178474

11-type

O
§

Mepevel ecuaion
02+

Resistance Ratio, Riwater only)/R{mxed)

-l P L L
o'onn a1 ez o3 o7 as o8

Ui Fracsion
Fig.8 Resistance ratio with electrode shapes in
Styrofoam simulator

3. 2371738 54 ¥ &2

B Fole 22 F 71X AR 48 ¥
3 AAE A3 gH s 37149 dFE EF
& AFsdd, zElw o] 37K AP o
8 Fig9 ¢ 2L E-37) 7|1 R ANQFAE F5
o dAPx ZALEE Fo=N 7jFEE &S
How A8 AME 9& F Atk
31 227 JZF MR

2H2E 71 AR 49& B3 A3Y A
Z3e o] thall Fig. 10 3 2ol 37149 ¥IE &
&2 AFSHPY. = Figy o &L E-371 7]
IFH NERA AL $3 ol 3714 A P
o YA EALPL oz MY ALY
AT3E A3 5 Aok
314 F AlEE

A AA FEYG 23S FHE RAlE
7] $8t9] ORNL/NUREG-65 report®ox] AAlg
AYAANE A48t Fig.5 ¢ 2ol 2371 712

-724-



Tap water

PC & DAS-16

©25010., 5, Acyl
| 2201D LA

HeirgeipISys, 2)

Water drain

Fig.9 Schematic diagram of water-air flow

F ANBEAE AA, AFstgchk A4 AHEE
2% W7 250mm, F7 10mm, ¥°]1m 9] o}=2
Y Fxoly, £z R IV 7| FY
< 9% FFY xFTo] 4vFe] Fuz AZHA
. F1xZ9 4L 2mm FA SUS E JHE
o} e Aol 1mm ¢ FFx=ZFo] YA
2 #YsA 9 7] 7HaEo Uk

22 5% F79 UL g 10719 E
Ta3dogiy FzxIve F7l FEY (ar

chamben)Z FFHEZF 8lQ31 #dF F7|9 F
Qg Y F 409 FARE 9 BHFog B
AA 48 FoAM FseE MASIT =
g F93719 AARE {FX87] Hikoq F718
HE 37139 AaRo dxsfed, FUe7]

FFL A= A FU)FFANE AXH o
AA F719 FFE& A oAE dA Y
€9 RAL Y8 REYXE FASAG
£z FgRoEe a8y AEASE AT
AR 94 olmgE Aso A HS
oo WA 60mm, 57 10mm, £°] Im 2 T4 =
Atk A A14E AFL X 4dy T3
o] Axjslol Q= sUS AA T shad HEaAl
g o4std AP AT ABHL sus#
2 f=5H0 ANAFLE AZsr] A LCR-
meter o] £ AL 3l A3

TOP VIEW

OO

SIDE VIEW
e Wi 7_ = —

#31 B211

Fig.10 Void fraction sensors

312 ®™=2

Aol AL Ao FAL F 3F 08 oY
4L Fig1o o Yehiddh ol A3 13 1
& EAQgor FAH gx SuUSE AZHA
o A2 1 FYUARE FAE Wy Aotk
32 AE gk

AEAT F9d 28 F59 FFS BAH
98t £z g9 3V FTEREREH ATE
o 3717 AR=EL E3l9 FHHH, F4E

‘?T

219 ¥ Z NBEL TAFBAG £9%59
BA FHoRE ol
2 AN P24 £59 FFFNL E

F(bubbly flow)olm, weby frEel &3 HeE
922l spem oPFol HEATE A 2L
329 ANEE oAt EA AS2
2Ry fxd:E A7NEE =& FohY
LCR-meter 914 23 v, o] 3 AY, AHA
B 9 Andse) AEge Az e 53
oz % olERy JIFEY W WE
A7\ A weFe TAste] FBAE ol
Ack. Frl9 Fd wEy F4= 5 o
W 919 Zvbd] wE Agtel WIE o7 4

shel mE AL 97 EAUE A F29

o a9
27 % 0~55 Ipm
713E& 0~20 %
T 25°C

4= , 1 atm
d8F 75 kHz

Table 2 Experimental parameters in water-air flow

-725 -



49, F 1m 9 Fold #9471 48 & UxES
Stn BrlE 29 4oz WEHER &9
uekd 2 HAgelA AA s wolEE FA
FAE B2 FU7EY A4AEH FE5AY A
A AF Lo} FEHE AFH LY, 49 A%
T 3% HJo oy SARL vy Aok
Table 2 € & APANA A8 APdsr9 W}
theby gleh

33 237 JIEH AE 2y

331 #I =2 2%

2.37] 1EF APlME $4 A se £3
A w5# 71589 B3 4 T3k o] A
#e Figll o Yehg Ao I F&EL FUAY
)2 FFAY £3F7t dH 24 Moz
Yehte oleigt A FUAg olgste AA 7|
&g Fotatgth(4 9144 H; Level swell method)

ol

®

0

y 2- X +0.08 [ ]

N .
T

VOID FRACTION (%)
*

3
e

20 40 -
AR FLOW METER SCALE (%)

Fig.11 Correlation curve of void fraction

332 QTEAe AF 2%
Sz AZe ASLAE $59 dEd wely
Z234 g9l £ dEd 2 A3 FedMs
A dolee) tEol HI 3% BT A
05% HHeE A 5+ Yx HolHE RAR
e,

333 I gejol wE u A Hs

7NEF 274 F%5 AR 2 AT F4E ¢
s JB9 B3E Figl2, 13, 14 o Jerl 2t
Fig12 £ 7|89 W34 g d3gdd §=
HE A7AFe @so. - 71F&9 7 o
3 A71Ag Qe FAdh AF 19 Fd
£ 713 usd ds A4 ¥se) Fo
AF 1, ol v 2 AE A dehde 2 4
9 Exd 744 28 dFe2 B £ Yo

Fig13 € 713&9 ¥stdl g AT Yoo &
=gt ARAEL 42 W8E BiFa glo
o 713§ 7o dial A AdHo Fast
Aok AF L, ML FF 19 FSol us Hol
B RAREs 33 gy 23 19 g4 7t
3 YA A3Y4Ye molFoh a2y A4
Juda AP Fo A" JRo| AX e
H&e RGP R vla) AL FAY Wt
M AZ AAZ B o A3k g4HE A
da ABL A9 B5t AZAY Aol AAE
o AFEz ANAY JEE FL AF3Y 7]
F& AL Fojuls Aol AAW dojEY g
So §2% Aoz wad 5 Yk

Ao FAHE ARG AELE FF 4
9l B3 F7)9 AVAEE Rlold o3 AAHH,
o] FolA &3] B9 HAIHEERE ASF F&
3 ¥4z Agad "9 2 AFda Add
B2 gyt Jgoly ol FHEYY Ny W
Yo we} Jdo] gkl F Yk o] HelE 7]
& 09 gho] 2dg dulste] AAFPoz A
g T2 313 249 AAE 2o FA € Aotk
mebd B Ade ARE Fxg vmsd s
A8t 71x7F G4 YA G EF ARt A
Fol U 24 75 AT 3 AFLEHE
H Ao A 71F&9 Wsd & A/AY 4
o 5AE stz stk

R* = R(water) / R(mixture)  (5)
R*= 3a/(2+4a) ©)

Fig.14 £ 71389 walo) tid o5 A
()9 & vzg otk AZ 3FE BF 4}
@ ARE RolFn, 1F& Fitd s 7Y
T3 X7 olgsy 24 UF(A 6) F
A A9E 2o F3 gd 71380 10%
olde Agol WadE Adgkol ol&gkol ®ld
7k Wolupe ARE B F3 ed ok 4
AAAF9 B¢ fIedge effect)o] 3 A2 1
orgiu},

N@AFolA nd 234 AFHR)S F7H]
&& Z7te 71380 09 AHe 7EAYRE
NzeE BW EE HLaA dehdt - a8y
AZ19 Agge AF 0, A3m e AFF;EG
ddigtel ZA vehdd. 183 A e &
Rsto] NFEL ANste oM E A% A
digtol @ AF el AF10] AZrY U=
S A uRe $3849 Wzt ¥ ANNEL
#ol Wst 52 ueEy u e A2 wsl £33
o Ag=s} & oz wuwnh

-726-



1000 e
| BECTRODE |
- e Tl !
| & TrEN » o
- O T o : }
; |

! ..
—~ .
s
| .
600 — .
= | . s
: .
pee vt
! -
i | IR
: . |
B 40— cese |
W | cest? |
[+ P e o
seveoe 8 o
oo son . Lessev e ’
RSP ETE S i
200 —
!

y 0cf8it e v,
'ﬁ 8 e°po
— 300} E £t
o a8 o
° 86 !
L o 8% 4 'i
= ot
|
9 200 | |
LI LRI |
¢ . i
r- T e sy
: i
ol }
i
, !
|
) R N ! L ]
0 4 8 16 2

12
VOID FRACTION (%)

Fig.13 Capacitance with void fraction in water-air flow

WO

L“": 7

RESISTANCE RATIO, R(water onty)/Rimixec)
-2
[
T
5

Fig.14 Resistance ratio with void fraction in water-air
‘ flow

4. 2 B
AAGA g £3o02 5T 8= 7EF
9 7\%’-%% AZs7) A% A5 FEE dds

g o83l e Be RS AL 5

1) 7 %4 Z 7t us A7 AY & Ftet
o, ARARE JELS Dagrt

2) ANAY AL AAEL AR ulg <

 d2xe YEEL AA3e dojEe EAAR
HoNE $5% & Jehdd

3)3 %9 ¥3 I3 F 4 ng,; AF
3 945 7138 A S L vedd,

4) B Q7oA ke AFE& AHE3E 7|FE
0% o A7IAFel W 2 A5 AVNAG
He 79 7IEF 7HR0 A% olgsd #Ha
durA Ao 713 & 0~10% A A% Adg
vehditt, 2 ol 9 7|F& F7kd disiM e

Z34e] ZdaHedge effect)o] 3 2t

Yol 238 Jehdc

5) FAgol ¥ 2ERFoF FE HASE
AHZE BAIANEE FY IXE d¥FHe
2 gdsted Hde RoE wadnh

1o} 7

% 7|

E A3 4938 $37] AT Program 9 4@
02 P YAHATL(KAER]) S A Y3t 53
o old #AE = ™Yt

il

t

o
e

(1) o1&, A¥F, A% 5E4g,
o gt

(2) Kang, H. C. and Kim, M. H. 1992, “The
Development of a Flush-Wire Probe and Calibration”
International Journal of Multiphase Flow, Vol 18, No.
3, pp. 423~438.

(3) Costigan, G. and Whalley, P. B., 1997, “Slug Flow
Regime Identification from Dynamic Void Fraction
Measurements - in -~ Vertical Air-Water . Flows”,
International Journal of Multiphase Flow, Vol.23, No.
2, pp. 263~282.

@) BAH, 1993, AR 71PL 087 71F
& =7 9§59 wad B@ A7, XYF
Fojgtar HALeHel =g,

(5) Maxwell, J. C., 1873, A Treatise on Electricity and
Magnetism, Clarendon Press, Oxford.

(6) Moorhead, A. J., et al, 1980, “Fabrication of
Sensors for High-Temperature Steam Instrumentation
Systems”, ORNL/NUREG-65 report.

s:i_l, 1993, ol

-721 -



