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NOMENCLATURE 

 

Symbol                      Description                         Unit 

α Gas void fraction      - 

αS     Void fraction in slug body     - 

Γ  Drainage flow rate into the bottom layer   kg/m2s 

ε1   Average percentage error     % 

ε2   Absolute average percentage error    % 

ε3   Standard deviation      % 

λL       Non-slip liquid holdup     - 

µG       Viscosity of gas      cp 

µL       Viscosity of liquid      cp 

µMN      Mixture non-slip viscosity     cp 

µMS      Mixture slip viscosity     cp 

θ Inclination angle      deg (rad) 

ρC   Mixture density in gas core     kg/m3 (lbm/ft3) 

ρG       Density of gas      kg/m3 (lbm/ft3) 

ρL       Density of liquid      kg/m3 (lbm/ft3) 

ρMN      Mixture non-slip density     kg/m3 (lbm/ft3) 

ρMS      Mixture slip density     kg/m3 (lbm/ft3) 

σ   Surface tension      N/m (dynes/cm2) 

τF    Wall shear stresses for liquid film    N/m2 (lbf/ft2) 

τG     Wall shear stresses for gas     N/m2 (lbf/ft2) 

τI    Interfacial shear stresses     N/m2 (lbf/ft2) 

τL    Wall shear stresses for liquid    N/m2 (lbf/ft2) 

τLB    Wall shear stresses for the bottom liquid-film   N/m2 (lbf/ft2) 

τLT    Wall shear stresses for the top liquid-film   N/m2 (lbf/ft2) 

τS    Slug body shear stresses     N/m2 (lbf/ft2) 
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A  Pipe cross sectional area     m2 (ft2) 

AC  Pipe cross sectional area occupied by gas core   m2 (ft2) 

AF      Pipe cross sectional area occupied by liquid film  m2 (ft2) 

AG  Pipe cross sectional area occupied by gas   m2 (ft2) 

AL  Pipe cross sectional area occupied by liquid   m2 (ft2) 

C     Constant value for Eq. (2-39)    - 

Co  Distribution parameter     - 

d  Pipe diameter      m (ft) 

DB     Deposition rate      kg/m2s 

dCB  Critical bubble size for buoyancy    m (ft) 

dCD       Critical bubble size for deforming    m (ft) 

dLB      Hydraulic diameter for bottom liquid-film   m (ft) 

dLT       Hydraulic diameter for top liquid-film    m (ft) 

dmax  Maximum bubble size     m (ft) 

(dP/dL)   Pressure gradient      Pa/m (psi/ft) 

(dP/dL)SG  Pressure gradient for superficial gas flow   Pa/m (psi/ft) 

(dP/dL)SL  Pressure gradient for superficial liquid flow   Pa/m (psi/ft) 

EB      Entrainment rate      - 

EB    Elongated-bubble flow     - 

ei      Relative error      - 

ES       Surface free energy     J/s 

ET      Turbulent kinetic energy     J/s 

f      Friction factor      - 

fB      Liquid-wall friction factor for bottom liquid-film  - 

FE      Liquid entrainment fraction     - 

fG       Gas-wall friction factor     - 

fI        Interfacial friction factor     - 

fL       Liquid-wall friction factor     - 
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FrG      Gas Froude number     - 

fSG     Superficial gas-wall friction factor    - 

fSL     Superficial liquid-wall friction factor    - 

fT       Liquid-wall friction factor for top liquid-film   - 

g       Gravitational acceleration     m/s2 (ft/s2) 

HC       Liquid holdup in the gas core     - 

hF     Average liquid film thickness    m (ft) 

HF     Liquid holdup in the film zone    - 

hFB     Liquid film thickness for bottom of pipe   m (ft) 

hFT      Liquid film thickness for top of pipe    m (ft) 

HL       Liquid holdup      - 

hL/d     Average liquid level     - 

HS      Liquid holdup in slug body     - 

KuG     Kutadelaze number     - 

LF      Length of liquid film zone     m (ft) 

LS      Length of slug body     m (ft) 

LU      Length of slug unit      m (ft) 

n      Total number of data points     - 

NReG    Gas Reynolds number     - 

NReG,t   Critical gas Reynolds number    - 

NReL    Liquid Reynolds number     - 

NReLB     Liquid Reynolds number for bottom liquid-film   - 

NReLT     Liquid Reynolds number for top liquid-film   - 

NReM    Mixture Reynolds number     - 

QG       Volumetric flow rate of gas     m3/s (ft3/s) 

QL       Volumetric flow rate of liquid    m3/s (ft3/s) 

Rsm    Minimal liquid holdup within the slug body   - 

SF      Wetted perimeter of liquid film    m (ft) 
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SG     Wetted perimeter of gas     m (ft) 

SI     Interfacial perimeter     m (ft) 

SL     Wetted perimeter of liquid     m (ft) 

T     Temperature      deg-C (deg-F) 

vd      Drift velocity      m/s (ft/s) 

vF      Liquid film velocity     m/s (ft/s) 

vFB      Liquid-film velocity at bottom of pipe    m/s (ft/s) 

vFT      Liquid-film velocity at top of pipe    m/s (ft/s) 

vG       Gas velocity      m/s (ft/s) 

vGdb    Velocity of dispersed-bubbles in slug body   m/s (ft/s) 

vL        Liquid velocity      m/s (ft/s) 

vM       Gas-liquid mixture velocity     m/s (ft/s) 

vS       Velocity within the slug body    m/s (ft/s) 

vsF     Slug front velocity      m/s (ft/s) 

vSG       Superficial gas velocity     m/s (ft/s) 

vSL       Superficial liquid velocity     m/s (ft/s) 

vSL,δ    Superficial liquid velocity determined Eq. (2-39)  m/s (ft/s) 

vsT      Slug transilational velocity     m/s (ft/s) 

X      Lockhart and Martinelli parameter    - 

xLM    Lockhart and Mattinelli parameter    - 

Y      Lockhart and Martinelli parameter    - 
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