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NOMENCLATURES

A : Cross-sectional area of the pipe, m

Ag : Area occupied by gas, m?

A : Area of the j" pixel

A : Area occupied by liquid, m?

Aplate : Area of the capacitive plate, m?

c : Concentration of two-phase flow

C : Capacitance, Farad (F)

Ch : Measured capacitance when the sensor fully

filled with high permittivity material

Cx : Electrode pair capacitances when the sensor is
full of the higher permittivity material

C : Measured capacitance when the sensor fully
filled with low permittivity material

Cnm : Measured capacitance of the mixture flowing

through the pipe

Cn : Set of normalised inter-electrode capacitances

Co : Distribution parameter/coefficient

Chin : Lower capacitance value, Farad (F)

Cmax : Higher capacitance value, Farad (F)

d : Spacing between the two plates, m

dp : Average bubble size, mm

D; : Inner diameter of the pipe/column, m

g : Acceleration due to gravity, m.sec™

G : Mass flux, kg.m?sec

G(p) : Fraction of high permittivity material present
at pixel p

h : Distance between the tappings, m

Ki : Electrodes length between adjacent electrodes

XiX



Ks : Electrodes length between opposite
electrodes, m

I : Length of electrodes

Ly : Length of driven guard electrodes, m

Lm : Length of measurement electrode, m

L : Total electrode length, m

Lmin : Minimum length of electrodes, m

Lmax : Maximum length of electrodes, m

M . Inter-electrode capacitance measurements
n : Normal unit vector along T’

Np : Average number of bubbles in a column

: Number of electrodes
: Number of pixels

Pi : Normalised value of the i" pixel

Pk : Normalised value of the i" pixel when the
sensor is completely filled with the higher

permittivity material

Q : Charge, Coulomb (C)

Qg - Gas volumetric flowrate, m®.sec™

Qr : Total volumetric flowrate, m®.sec™

Qu - Water volumetric flowrate, m®.sec

r : Radius of bubble

Re : Reynolds number

Sij(p) : Sensitivity map of electrode pair i-j at p™ pixel
Usgg : Superficial gas velocity, m.sec™

Uy : Superficial liquid velocity, m.sect

\Y : Potential difference between the electrodes, V
\e : Actual gas velocity, m.sec™

V, : Volume of gas, m*

vV : Volume of liquid, m?

\ : Drift velocity of gas, m.sec™

Vu : Multiphase mixture velocity, m.sec™

XX



Vr
Ap

Greek Symbols
Ogas
Oliquid
€o

&r

&h

&l

€m
£(x.y)
o(x.y)
p(x.y)

: Total volume, m?
: Difference of static pressure between two

sensors placed at a distance h

: Gas volume fraction

: Liquid volume fraction

: Permittivity of free space, pF.m™

: Relative dielectric permittivity of a material

: Higher permittivity

: Lower permittivity

: Permittivity of measured material

: Electrical permittivity distribution

: Electrical potential distribution

: Charge distribution

: Fraction of high permittivity object using the
parallel model

: Fraction of high permittivity object using the
series model

:Fraction of high permittivity object using the
maxwell model

: Angle of the pipe

: Normalised capaictance for electrode pair i-j
: Gas void fraction

: Liquid holdup

- Surface tension, N.m™

: Density, kg.m™

: Wall shear stress

: Dynamic viscosity, Ns.m™

: Closed curve surrounding the detecting
electrode

: Difference
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Subscripts

g9 : Gas
ij : Electrode Pair
I - Liquid
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