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Nomenclature 

Latin 
 
A       surface of a volume 
A       frontal area of bubble 
Aαβ      surface metric tensor (Aris, 1962) 
A       turbulence anisotropy tensor 
bA       interfacial area of bubble 

BA       area of bubble-layer region 

CA       cross-sectional area of boiling channel 

dA       projected area of a typical particle 
FA       free surface on boundary of control volume 
iA       mathematical surface between 1A  and 2A  

iA       surface area 

kA       surface bounding the interfacial region and adjacent to 
       phase k 
mA       surface of fixed mass volume 

pA       projected area of a particle 
SA       structural material surface on boundary of control  

volume 
TA       total boundary surface of control volume 
a       cross sectional radius of cap or slug bubble 
i
ca       mobility of the fluid at the interface 
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ia       interfacial area concentration 

ska , tka     isentropic and isothermal sound velocities based on the 
       average thermodynamic properties 
dB       volume of a typical particle 

SB       balance at an interface 

VB       balance in each phase 

sfB       bubble size factor 

b       constant 

kb
Γ , M

kb , Ekb    transport coefficients associated with interfacial 
       transfer of mass, momentum and energy 
C       wave velocity 
C       constant 
DC       drag coefficient 

DC ∞      ideal drag coefficient 

gC       variable defined by 2 fgΔρ ρ  

gfC       momentum transfer coefficient for interphase drag  

force 
hkC       distribution parameter 

hmC      mixture-enthalpy-distribution parameter 

iC       closed curve on an interface 

KC       kinematic wave velocity 

LC       lift coefficient 

MC       virtual mass constant 

TC       adjustable parameter 

vkC       distribution parameter 

vmC      virtual volume coefficient 

vmC      mixture-momentum-distribution parameter 
C τ       distribution parameter 

kCψ       distribution parameter for flux 
iC       shape factor 
0C       distribution parameter 
C∞       propagation velocity 
C∞       asymptotic value of distribution parameter 

kc       mass concentration of phase k 

 Nomenclature
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pkc , vkc     specific heat at constant pressure and density based on 

       averaged properties 
D       hydraulic-equivalent diameter 
*D       length scale ratio 
bD       bubble diameter 
*
bD       non-dimensional bubble diameter 

bcD       critical bubble size 

1
*
cD       ratio of critD  to 1SmD  

c maxD ,      maximum diameter of stable bubble 

critD      volume-equivalent diameter of a bubble at boundary 
       between groups 1 and 2 
dD       bubble departure diameter 

dFD      bubble departure diameter calculated by Fritz  
correlation 

d maxD ,      maximum distorted bubble limit 
*
dD       ratio of bubble diameter to bubble diameter at distorted  

       bubble limit 
eD       volume-equivalent diameter of a fluid particle 

eD       eddy diameter 

ED       effective diameter of mixture volume that contains one 
       bubble 
HD       hydraulic-equivalent diameter 
*
HD       non-dimensional hydraulic-equivalent diameter 

kD       diffusion coefficient 

kD       total deformation tensor of phase k 

kbD       bulk deformation tensor 

kiD       interfacial extra deformation tensor 

kD
α       drift coefficient 

SmD      Sauter mean diameter 

sD       surface-equivalent diameter of a fluid particle 

0D       initial bubble diameter 

0D       rod diameter 

Bd       bubble diameter 

bd       bubble diameter 

 Nomenclature
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Bd       cross-sectional mean diameter of bubbles 

BE       average energy required for bubble breakup 

dE       area fraction of liquid entrained in gas core from total 
       liquid area at any cross section 
eE       average energy of a single eddy 

kE       total energy gain through interfaces for phase k 

mE       mixture total energy source from interfaces 
H
mE       mixture energy gain due to changes in mean curvature 
Ae       surface porosity 
ke , kie     weighted mean virtual internal energy (with turbulent 

       kinetic energy included) at the bulk phase and at the 
       interfaces 
Ve       volume porosity 

( )F ,tx     general function 
BF       Basset force 
DF       standard drag force 
LF       lift force 
TF       turbulent dispersion force 
VF       virtual mass force 
WF      wall lift force  
DF       drag force 

kF , kF     general function associated with phase k 

duF       unsteady drag force 

gF       gravity force 

pF       pressure force 

qsF       quasi-steady force 

sF       surface tension force 

slF       shear lift force 
( )f ,tx     function for interface position 

( )f ,t,x ξ    molecular density function 

( )*f ρ      factor 

f       collision frequency 
f       friction factor 

 Nomenclature
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f       bubble departure frequency 
*f       correction factor for drag coefficient 

if       interfacial friction factor 

kf       Helmholtz potential 
( )knf ,t,x ξ    particle density function of the nth-kind particles 

TWf       two-phase friction factor 
G       mass velocity 
G       cap bubble thickness 
sG       non-dimensional velocity gradient 
g       gravity field 

kg       body force field 

kg , kg , kig    Gibbs free energy: local instant, bulk mean and 
       interfacial mean values 
lng       space metric tensor (Aris, 1962) 

Ng       normal gravitational acceleration 

21H , 21H    local instant and averaged mean curvature ( 21 0H >  if 
       phase 2 is the dispersed phase) 
h       bubble height 

1h , 2h      average thickness of upper (1) and lower (2) fluid 
       layers 
ch       condensation heat transfer coefficient 

kh , kih      weighted mean virtual enthalpy (with turbulent kinetic 
       energy included) at the bulk phase and at the interfaces 
mh       mixture virtual enthalpy 
I       unit tensor 
kI       interfacial source term in the balance equations for 

       phase k 
mI       interfacial source term for mixture balance equations 

kaI , maI     interfacial source terms in the shock conditions for 
       phase k and for mixture 
fgi       latent heat 

ki , ki      local instant and mean enthalpies 

kii       mean enthalpy of phase k at interfaces 

mi       mixture enthalpy 

  Nomenclature
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ai       local instant surface enthalpy per area 
J       flux 
DJ       drift flux 
aJ       line flux for interface 

kJ       surface flux for phase k 
T
kJ , TJ     turbulent fluxes 

kJ , mJ      Jacobians based on macroscopic field 

kj , j      volumetric fluxes of phase k and mixture 
*j       non-dimensional mixture volumetric flux 
j+       non-dimensional mixture volumetric flux 
K       constant 
kK       thermal conductivity 

kK       thermal conductivity tensor 
T
kK       turbulent conductivity 
T*
kK      thermal mixing length coefficient 
k       wave number 
SIk       turbulent kinetic energy due to shear-induce turbulence 
ek       wave number of eddy 

fk       thermal conductivity 

L       pitch of slug unit 
bL       cylindrical bubble length 

1 jL      area concentration of jth-interface 

1 sL      total area concentration 

TL       mean traveling distance between two bubbles for one 
       collision 
WL       effective wake length 
l        mixing length 
Bl       mixing length due to bubble-induced turbulence 

SPl       mixing length of single-phase flow 

TPl       mixing length of two-phase flow 

em       mass per a single eddy 

km , km     local instant and mean mass transfer rates per unit area 
       (mass loss) 

 Nomenclature
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FM       frictional pressure gradient in multi-particle system 

FM ∞      frictional pressure gradient in single particle system 

ikM      generalized interfacial drag 

kM , sM     state density functions for phase k and interface 

kM , mM    momentum sources for phase k and mixture 
H
mM      force due to changes in mean curvature 
n
kM , t

kM , d
kM  form, skin and total drag forces 

mτM      force associated with mixture transverse stress gradient 

cm       mass transfer rate due to condensation 
N       unit normal vector to a curve on an interface 
N       number of samples 
bN       number of bubbles 

DN       drift number 

dragN      drag number 

eN       number of eddies of wave number ek  per volume of 
       fluid 
EcN      Eckert number 

EoN      Eötvös number 

EuN      Euler number 

FrN      Froude number 

fdN       non-dimensional bubble departure frequency 

iN       converted enthalpy ratio 

JkN       Jakob number 

JkeN      effective Jakob number 

MN       Morton number 

nN       active nucleation site density 

nN       average cavity density 

ncN      active nucleation site density in forced convective flow 

npN      active nucleation site density in pool boiling 

NucN      condensation Nusselt number 

pchN      phase change number 
i
pchN      interfacial phase change effect number 

PeN      Peclet number 

  Nomenclature
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PrN      Prandtl number 
T
Pr kN      turbulent Prandtl number 

qN       interface heating number 

qNBN      non-dimensional heat flux representing nucleate  

boiling heat transfer 
ReN      Reynolds number 
i
ReN      interfacial Reynolds number 

SctN      turbulent Schmidt number 

SlN       Strouhal number 

StN       Stokes number 

WN       number of bubbles inside effective volume 

WeN      Weber number 
Nμ       viscosity number 
Nρ       density ratio 
Nσ       surface tension number 
n       fluid particle number per unit mixture volume 
n       unit normal vector 
bn       bubble number density 

en       number of eddies of wave number per volume of two- 
       phase mixture 
Fn       unit vector perpendicular to surface 
In       unit vector perpendicular to structural material surface  

within boundary of control volume 
kn       outward unit normal vector for phase k 
SIP       production of shear-induced turbulence 
CP       probability for a bubble to move toward neighboring 

       bubble 

kP       partial pressure tensor 

iP       interfacial wetted perimeter 

wfP       wall wetted perimeter 

0P       pitch distance 
p       pressure 

cp       critical pressure 

cp       probability 

 Nomenclature
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kp , kp , kip    partial, bulk mean and interfacial mean pressure 

mp       mixture pressure 
q       heat flux 
Dq       diffusion (drift) heat flux 

kq , T
kq      mean conduction and turbulent heat fluxes 

q , T
kq      mixture conduction and turbulent heat fluxes 

kq       local instant body heating 

kq ′′       average heat transfer pert interfacial area (energy gain) 
C
kq       mean conduction heat flux 

qNBq ′′      nucleate boiling heat flux 

R       ideal gas constant 
R       radius of a pipe 
R       radius of curvature 
R       radius of outer round tube 
R+       variable defined by *

f fRv ν  

0R       radius of heater rod 

cR       minimum cavity size 

dR       mean radius of fluid particles 

jR       particle number source and sink rate 

kR       quantity of scalar, vector or tensor 

maxR      maximum cavity size 

wR       tube radius 
Re       Reynolds number 
( )dRe      particle Reynolds number 

r       radial coordinate 
r       radial coordinate measured from heater rod surface 
r       cavity radius 
br       bubble radius 
*
dr       non-dimensional radius 
S       suppression factor 
BS , CS     surface available to collision 

jS       particle source and sink rates per unit mixture volume  

       due to jth-particle interactions such as disintegration 
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       or  coalescence 
phS       particle source and sink rates per unit mixture volume  

       due to phase change 
s       entropy 
as       surface entropy per area 

ks , kis      weighted mean entropy at bulk phase and at interfaces 

ms       mixture entropy 
T       temperature 

iT , iT      instant and mean interface temperature 

kT , kiT     mean temperature at bulk phase and at interface 

kT       stress tensor 
t        time 

*t       non-dimensional time 
Ct       time required for bubble coalescence 

ct       bubble residence time in heat transfer-controlled  
region 

jt       time when the jth-interface passes the point 
mtα (or tα )   hybrid tensor of interface, see Aris (1962) 
U       velocity of shock in mixture 

0U       velocity of stream 

BU , CU     volume available to collision 
u       internal energy 
au       surface energy per area 

bu       mean fluctuation velocity 

Bu ,  Cu     bubble velocity 

eu       eddy velocity 

ku , kiu     weighted mean internal energy at bulk phase and at 
       interfaces 
mu       mixture internal energy 

rWu      averaged relative velocity between leading bubble and  
       bubble in wake region 
tu       root-mean-square approaching velocity of two bubbles 

t critu ,      critical fluctuation velocity 

V       volume 
V       time derivative of volume V  
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bV       volume of bubble 

cV       critical bubble volume 
FV       free volume 
gjV
+       non-dimensional drift velocity 

iV       interfacial region 

kjV       drift velocity 

kmV      diffusion velocity 

mV       fixed mass volume 
*
sV       ratio of s minV ,  to s maxV ,  
SV       structural material volume 
TV       total volume of control volume 
WV       effective wake volume 

1pV       peak bubble volume in group 1 

v       velocity 
fv ′       liquid velocity fluctuation independent of bubble  

       agitation 
fv ′′       liquid velocity fluctuation dependent on bubble 

       agitation 
*
fv       friction velocity 

gv       average center-of-volume velocity of dispersed phase 

iv       velocity of interface 

kv , kiv     weighted mean velocity at bulk phase and at interfaces 

( )2
2kv ′     mean turbulent kinetic energy 

mv       mixture center of mass velocity 

pmv       average local particle velocity weighted by particle 

       number 
rv       relative velocity 

rv       difference between area averaged mean velocities of  
       phases 
rv ∞       relative velocity of a single particle in an infinite 

       medium 
sv       velocity of interfacial particles 
T
kiW      work due to fluctuations in drag forces 
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We       Weber number 
critWe      critical Weber number 

X       convective coordinates 
x       spatial coordinates 
x       spatial coordinate 
x       radial coordinate measured from center of heater rod  

surface 
WPx      bubble-layer thickness 
y       spatial coordinate 
y+       variable defined by *

f fyv ν  

z       spatial coordinate 
 

Greek 
 
bα       void fraction in slug bubble section 

coreα      ratio of liquid-film cross-sectional area to total cross- 
       sectional area 
dα       average overall void fraction 

dropα      ratio of cross-sectional area of drops to cross-sectional  

       area of core 
fα       thermal diffusivity 

g critα ,      critical void fraction when center bubble cannot pass  

       through free space among neighboring bubbles 
g maxα ,      maximum void fraction 

kα       time (void) fraction of phase k 

WPα      void fraction at assumed square void peak 
β       ratio of mixing length and width of wake 
β       half of cone angle 

Cβ       variable to take account of overlap of excluded volume 

kβ       thermal expansivity based on averaged properties 
Γ       constant 
kΓ       mass generation for phase k 

γ       constant 

kγ       ratio of specific heats 

aΔ       interfacial entropy generation per area 
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kΔ       entropy generation for phase k 

12mΔ      inter-group mass transfer rates from group 1 to group 2 

eTΔ      effective liquid superheat 

satTΔ      gas superheat 

subTΔ      liquid subcooling 

wTΔ      wall superheat 
tΔ       time interval of averaging 
BtΔ      time interval to drive daughter bubble apart with  

       characteristic length of bD  

CtΔ      time interval for one collision 

ctΔ       residence time 

ktΔ , stΔ     time intervals associated with phase k and interfaces 

WtΔ      average time interval for a bubble in wake region to  
       catch up with preceding bubble 
δ       thickness of interface 
δ       film thickness 
δ′       collective parameter 
critδ       critical film thickness where rapture occurs 

initδ       initial film thickness 

kpδ       pressure deviation from saturation pressure 
δμ       volume element in μ  space 
ε       energy dissipation rate per unit mass 
2ε (or 2 jε )   time associated with the jth-interface 
SIε       dissipation of shear-induced turbulence 
ε′ , ε′′     eddy diffusivity 
phη       rate of volume generated by nucleation source per unit 

       mixture volume 
0η       amplitude 

Θ       contact angle 
θ       contact angle 
θ       angle in cylindrical coordinates 
iθ       inclination angle 

Rθ       contact angle at room temperature 

wθ       wake angle 
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frκ       variable defined by ( )1 2 1 21 *
fr sexp C V D− −  

Skκ , Tkκ     isentropic and isothermal compressibilities of phase k 

kΛ       interfacial thermal energy transfer term in the averaged 
       equation 
λ       wavelength 
λ       constant 
λ       characteristic length scale 
Bλ       breakup efficiency 

Cλ       coalescence efficiency 

cλ       critical wavelength 

kλ       bulk viscosity 
μ       viscosity 
μ       characteristic cone angle scale 

kμ , T
kμ     mean molecular and turbulent viscosities 

T*
kμ       mixing length coefficient 

mμ       mixture viscosity 
ν       kinematic viscosity 
tν       turbulent kinematic viscosity 
ξ       particle (phase) velocity in Boltzmann statistical 
       average 
ξ       ratio of 1pV  to cV  

ξ       variable defined by ( )23
12 1 0 2894 *
c. D−  

ξ       variable defined by i wfP P  

Hξ       heated perimeter 
ξ∞       modification factor 
ρ       density 

*ρ       non-dimensional density difference 
ρ+       non-dimensional density ratio 

aρ       surface mass per area 

kρ , kρ      partial and mean densities 

kρ′       modified density defined by ( )k kkhρ coth  

mρ       mixture density 
σ       surface tension 
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T       viscous stress tensor 
DT       diffusion (or drift) stress tensor 
BI
fT      bubble-induced turbulent stress tensor 
SI
fT      shear-induced turbulent stress tensor 

T , TT     mixture viscous and turbulent stress tensors 

kT , T
kT     average viscous and turbulent stress tensor 

k
μT       average viscous stress 

kiT , kiT     interfacial shear stress 
τ       time scale of Basset force 
bτ       relaxation time of bubbles 

Cτ       contact time for two bubbles 

eτ       relaxation time of eddies 

ecτ       crossover time of eddies 

etτ       turnover time of eddies 

iτ       interfacial shear stress 

oτ       reference time constant 

tkτ , nkτ     tangential and normal stresses at interface 

wfτ       wall shear 

Φ       velocity potential 
T
kΦ       turbulent work effect in enthalpy energy equation 
i
mΦ       interfacial mechanical energy exchange effect in the 

       mixture thermal energy equation 
k
μΦ       viscous dissipation 

m
μΦ       mixture viscous dissipation 

m
σΦ       surface tension effect in the mixture thermal energy 

       equation 
φ       source term 

aφ       interfacial source per area 

jφ       source and sink rate for interfacial area concentration 

kφ       velocity potential 
χ       coefficient accounting for contribution from inter- 
       group transfer 
ψ       property of extensive characteristics 
ψ       shape factor 
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ψ , kψ      mass weighted mean values for mixture and phase k 

aψ       property per interfacial area 
Ω       potential function  
 

Subscripts and Superscripts 
 
a       surface (property per area) 
BC      bulk condensation 
c       continuous phase 
d       dispersed phase 
f       liquid phase 
g       vapor phase 
HC      heat transfer controlled 
i        interface 
IC       inertial controlled 
j       jth-interface 
k       each phase : (k=1 & 2), (k=c & d), (k=f & g) 
ki       kth-phase at interfaces 

m       
mixture (in macroscopic formulation)
fixed mass (in local instant formulation)

⎧⎪⎪⎨⎪⎪⎩
 

n       normal to interface 
o       reference 
RC      random collision 
r ,θ ,z     cylindrical coordinate 
sat       saturation 

s       
surface (surface property per mass)
solid phase
⎧⎪⎪⎨⎪⎪⎩

 

SI       surface instability 
SO       shearing off 
TI       turbulent impact 
WE      wake entrainment 
t        tangential to interface 
W       wall nucleation 
w       wall 
x ,y ,z     rectangular coordinate 
+ ,−      + and – side of shock in macroscopic field 
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1, 2       phase 1 and phase 2 
*       dimensionless 
∞       single particle 
 

Symbols and Operators 
 
A       tensor 
A       vector 
A       scalar 

⋅A B      dot product 
AB      dyadic product of two vectors (=tensor) 

:A B      double dot product of two tensors (=scalar) 
∇⋅       divergence operator 
∇       gradient operator 
s∇ ⋅      surface divergence operator (Aris, 1962) 

( )+A      transposed tensor 

kD
Dt

      kt
∂= + ⋅ ∇
∂

v  

D
Dt

      mt
∂= + ⋅ ∇
∂

v  

cD
Dt

      kt
∂= + ⋅ ∇
∂

C  

iD
Dt

      it
∂= + ⋅ ∇
∂

v  

sd
dt

      surface convective derivative with sv  (Aris, 1962) 

F       time average 
wF       weighted mean value 
kwF      kth-phase weighted mean value 

F       phase average 

kψ       kth-phase mass weighted mean value 

ψ       mixture mass weighted mean value 

kF ′       fluctuating component with respect to mean value 

kiF ′       fluctuation component with respect to surface mean 
       value 
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( )iF , kiF     surface average 

kiF       mass flux weighted mean value at interfaces 
( ),β      surface covariant derivative (Aris, 1962) 
[ ]ktΔ      with (k=T,S,1,2) ; sets of time intervals 

k
∑      summation on both phases 

j
∑      summation on the interfaces passing in tΔ  at x  

[ ]A       average over local surface area 
A       intrinsic surface average 

[ ]V       phase average 
V      intrinsic phase average 

 Nomenclature



 

Index 

A 
 
Angular momentum (Conservation of ----- in single-phase flow), 16 
Area averaging, 63-65 
Area concentration (Surface), 108-109, 192-195 
Averaged fields (Kinematics of), 129-141 
Averaging (Area), 62-65 
Averaging (Botlzmann), 58-61, 120-128 
Averaging (Ensemble cell), 66 
Averaging (Eulerian), 58-61 
Averaging (Lagrangian), 58-61 
Averaging (Statistical), 58-61, 65-66, 119-128 
Averaging (Time), 64-65 
Averaging (Various ----- in connection with two-phase flow analysis), 61-66 
Averaging (Various methods of), 55-66 
Averaging (Volumetric), 62-63 
 
B 
 
Balance equation (Single-phase flow general), 13-15 
Balance equation (Surface), 30 
Balance equation (Time averaged), 93-117 
Basset force, 256, 316-318, 322-323 
Boltzmann averaging, 58-61, 120-128 
Bubble layer thickness model, 478-481 
 
C 
 
Center of mass velocity, 86 
Change (Phase ----- boundary condition), 37-38 
Chemical boundary condition, 37-38 
Churn-turbulent-flow regime, 6-8, 228, 281, 290, 322, 330, 340-342 
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  345, 377, 412, 420-421, 433-434 
Classification of two-phase flows, 5 
Clausius-Clapeyron equation, 40 
Concentration, 82-86 
Concentration (Surface area), 108-109, 192-195 
Conservation equation (Single-phase), 13-24 
Constitutive axioms, 18 
Constitutive laws (Drift-flux model), 371-388 
Constitutive laws (Two-fluid model), 169-197 
Constitutive laws or equations, 12, 18-24 
Contact angle, 43-46 
Continuity equation (Single-phase), 15 
Convective coordinates, 129-132 
Convective derivatives, 129-132 
Coordinates (Convective), 129-132 
Covariance, 422-427, 441-444, 463-467 
Creeping flow, 46 
 
D 
 
Density propagation equation, 138 
Density propagation model, 394-395 
Derivatives (Convective), 129-132 
Derivatives (Time average of), 78-82 
Diffusion flux, 90 
Dilatation, 140 
Discontinuities (Shock), 110-112 
Dispersed flows, 5-7 
Displacement velocity, 80 
Distorted-fluid-particle regime, 338-340, 377 
Distribution parameter, 257, 403-411, 419, 424, 427-436, 443 
Distribution parameter (----- for a flux), 423, 442 
Distribution parameter (----- for enthalpy flux), 444 
Distribution parameter (----- for k-phase enthalpy), 441 
Distribution parameter (----- for k-phase momentum), 440 
Distribution parameter (Mixture-momentum -----), 425 
Drag force in multiparticle system, 323-345 
Drag force acting on a spherical particle in a very slow stream, 46-48 
Drag force (Interfacial), 189-191 
Drift-flux model, 62, 361-395 
Drift-flux model constitutive laws, 361-388 
Drift-flux model field equations, 103-108, 362-371 
Drift-flux model formulation, 388-395 
Drift velocity, 88, 136-137, 388 
 
E 
 
Energy (Conservation of ----- in single-phase flow), 16-17 
Enthalpy equation (Single-phase flow), 18 
Entropy inequality (Interfacial), 34-35 
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Entropy inequality (Single-phase flow), 18-20 
Eulerian averaging, 58-61 
Eulerian statistical average, 119-120 
External boundary condition, 43 
Extra deformation tensor (Interfacial), 179 
 
F 
 
Field equations, 12 
Field equations (Diffusion model), 103-108, 362-371 
Field equations (Two-fluid model), 98-103, 156-169 
Field equations (Two-phase ----- based on time average), 55-128 
Fields (Kinematics of averaged), 129-141 
Fluctuating component, 78 
Flux (Diffusion),  90 
Flux (Volumetric), 87, 135-136 
Fundamental identity, 89-92 
 
G 
 
Green’s theorem, 14 
Green’s theorem (Surface), 28 
 
H 
 
Heat flux (Interfacial), 191-192 
Homogeneous flow model, 393-394 
 
I 
 
Identity (Fundamental), 89-91 
Instant (Local ----- formulation), 11-46 
Interface (Quasi-stationary), 108-110 
Interfacial area transport equation, 10, 195, 217-299 
Interfacial area transport equation (One-group -----), 227-228, 257-276 
Interfacial area transport equation (Two-group -----), 228-242, 246-248, 276-299 
Interfacial boundary condition, 13, 32-38 
Interfacial conditions, 12 
Interfacial drag force, 190-191 
Interfacial energy balance, 32 
Interfacial energy source, 196-197 
Interfacial energy transfer, 149-154 
Interfacial entropy inequality, 34-36 
Interfacial extra deformation tensor, 179 
Interfacial heat flux, 191-192 
Interfacial mass balance, 31 
Interfacial mass transfer, 143-144, 188-190 
Interfacial momentum balance, 32 
Interfacial momentum source, 192-195 

Index
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Interfacial momentum transfer, 145-149 
Interfacial shear term, 446-448 
Interfacial structure, 3 
Interfacial transfer condition, 95 
Interfacial transport, 143-145 
Internal energy equation (Single-phase flow), 18 
Intrinsic phase average, 454 
Intrinsic surface average, 455 
 
J 
 
Jump conditions, 13, 24-32 
Jump conditions (Macroscopic), 110-113 
 
K 
 
k-ε model, 358-360 
Kelvin-Helmholtz instability, 48-52, 313 
Kinematic shock wave, 138-140 
Kinematic wave, 136-138 
Kinematics of averaged fields, 129-141 
 
L 
 
Lagrangian averaging, 58-61 
Leibnitz rule, 14 
Lift force, 346-351 
Local instant formulation, 11-46 
 
M 
 
Mass weighted mean values, 75-76 
Material derivative (Transformation on), 17 
Mean values (Mass weighted), 75-76 
Mean values (Weighted), 73-77 
Mechanical energy equation (Single-phase flow), 17 
Mixed flows, 4-6 
Mixture properties, 82-86 
Mixture viscosity, 317, 331-334, 383, 392, 412 
Momentum equation (Single-phase), 15 
Momentum source (Interfacial), 192-195 
Motion (Equation of ----- in single-phase flow), 17 
 
N 
 
Newton’s regime, 330, 334-338 
Normal vector, 80 
Number transport equation, 219-220, 229-230 
 
O 
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One-dimensional drift-flux model, 397-436 
One-dimensional two-fluid model, 437-448 
One-equation model, 356-358 
 
P 
 
Phase average, 75 
Phase change boundary condition, 37-38 
Porosity, 454 
Porous media approach, 449-473 
Propagation (Density ----- equation), 138 
Propagation (Density ----- model), 394-395 
Propagation (Void ----- equation), 136-138 
 
R 
 
Rayleigh-Taylor instability, 52-53 
Reynolds transport theorem, 14 
 
S 
 
Scaling parameters, 391 
Scaling parameters (Drift-flux model), 389-393 
Scaling parameters (Two-fluid model), 205-210 
Second law of thermodynamics (Single-phase systems), 19 
Separated flows, 3-6 
Shock (Kinematic ---- wave), 138-140 
Shock discontinuities, 110-112 
Similarity groups, 392-393 
Single-phase flow conservation equations, 13-24 
Slip (No ----- condition), 36 
Slug-flow regime, 330, 342-345, 377 
Source and sink terms in one-group interfacial area transport equation, 257-276 
Source and sink terms in two-group interfacial area transport equation, 276-299 
State (Equation of), 20-22 
Stationary (Quasi ----- interface), 108-110 
Statistical averaging, 58-61, 65-66, 119-128 
Streamline, 132-133 
Structure (Interfacial), 3 
Surface area concentration, 108-109, 192-195 
 
T 
 
Thermal boundary condition, 36 
Three-dimensional model based on time-averaged, 129-216, 361-395 
Time average, 73-77 
Time average (Three-dimensional model based on), 129-216, 361-395 
Time average (Two-phase field equations based on), 55-128 
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Time average of derivatives, 78-82 
Time averaged balance equation, 93-117 
Time averaging, 64-65 
Time fraction (Local), 72-73 
Transfer condition (Interfacial), 95 
Transitional flow, 5-7 
Transport (Interfacial), 143-154 
Transport theorem, 14 
Transport theorem (Surface), 28 
Turbulence in multiparticle system, 354-360 
Turbulent dispersion force, 352-354 
Two-equation model, 358-360 
Two-fluid model, 62, 155-216 
Two-fluid model (Modified -----), 245-257 
Two-fluid model constitutive laws, 169-197 
Two-fluid model field equations, 98-103, 156-169 
Two-fluid model formulation, 198-205 
Two-group void fraction transport equation, 230-234, 246 
 
V 
 
Velocity (Center of mass), 86 
Velocity (Diffusion), 87 
Velocity (Displacement), 80 
Velocity (Drift), 136-137, 388-389 
Velocity field, 86-89 
Virtual mass force, 256, 316-323 
Viscous regime, 325-326, 331-334, 337, 345, 376 
Void fraction (Local), 72-73 
Void propagation equation, 136-138 
Volume transport equation, 220-222 
Volumetric averaging, 62 
Volumetric flux, 87, 135-136 
 
W 
 
Wall lift force, 316, 351-352 
Wave (Kinematic), 136-138 
Weighted mean values, 73-77 
 
Z 
 
Zero-equation model, 354-356 
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