Two-Fluid Model

< Derivation procedure

v" In the previous class: separated flow model
= Heuristic derivation

v" Reference

" I25611ii0and Hibiki, “Thermo-Fluid Dynamics of Two-Phase Flow,” Springer, 2" edition,




Two-Fluid Model

% Local Instantaneous Balance Equation General Integral Balance

v" General integral balance equation {
d Leibnitz Rule >
E'[/m Py dV = _§Am N - J dA+ Lm P av

Green's Theorem

v" Leibnitz rule or Reynolds transport theorem Axiom of Continuum |-

Y

%Lm deV = J:/m %dv +§Am Fv, - nde Integration for control mass

General Balance Equation

v' Green’s theorem L FdV = L[—+V )}dv

§, Fovi-ndA=[ V-(v,F,)av =
ﬁ\m -3 dA=[V-J,dv
v General balance equation '

d 0
aj‘vm o, AV = _[/m [%"‘V W% )}dV = Lmv -JydV + Lm PV

PV . Vo)==V -3, + p &, No spatial and time averaging
ot — |local and instantaneous !




Two-Fluid Model

» Leibnitz's rules

d b(\) b(k)af( )L)
X,
= :[) F(x\) dx = (J;) S dek f(b, x) i = iy
v For 1D T
a"¢ " or(x, 1) db it

Jf( HAdx = J SOAd+ f(b, ) AT~ fla, DA

a(l) a(r)

v For 3D

%JJJf(F,t)dV=IJJaf(ai’t) dv+<ﬁ>f(?,r)i3$-ﬁ ds
Vv V S

V, = local and instantaneous velocity of the surface S,

= For a deformable volume, whether the center the volume is stationary or moving, v;
Is not equal to zero




Two-Fluid Model

% General transport theorem

= ”_ff(r 1dv = ” af(r J dV+#f(F,t){)s.h’dS

v A special case of interest is when the volume under consideration is a material
volume V,, (i.e., a volume encompassing a certain mass) within the surface S,,

v" In that case the surface velocity represents the fluid velocity
= The total derivative becomes identical to the substantial derivative when v, = v.

Dz.[”f(' Hey= jjjaf(' = dV+<ﬁ>f(F,r)f>-ﬁds

= Reynolds transport theorem

— Useful for transforming the derivatives integrals from material-based coordinates
(Lagrangian) into spatial coordinates (Eulerian).




Two-Fluid Model

< A stationary and nondeformable volume

= j”f(r £)dV = ”Jaf(r 1) dV=%IJJf(F,t)dV

< The total rate of change of the integral of the function f can be related to
the material derivative at a particular instant when the volume boundaries
V and 1}, are the same

%”_ff(ﬁt)dv =[] afg") av+qP 1,00, i ds
v Y s
Dt.”."f(' Dey= jjjaf(’ g dV+<ﬁ>f(F,r)6-ﬁds

Dﬂtujf(f,z)dv=%j_v”f(?,t)dv+S[;j>f(f,t)(6—f>s)-h‘ds

V, = V-V, = relative velocity of the material with respect to the surface of the control volume:




Two-Fluid Model

% 3D Local Instantaneous Balance Equations

%)
%"‘V (Vkpkl//k) -v-J « P

v Continuity equation
- op _
w.=1 ¢ =0 J =0 I:> Lk v.(Vp,)=0

v" Momentum equation

v, =V, ¢ =0, jk:—Tk—Pl—Tk |:> 8,ok V-(p V. )=-VP +V- Tk+,0kgk

v Energy equation
2

v ¢
l//k:uk+?k’ ¢k:gk'vk+g_k’ Je =0 —Tw-V, |:>

V2
op.| U, +-—X%
pk[ K ZJ

Vi ) _ = S
P "‘V‘kauk"'?k Vi :_v'qk"‘v'(Tk'Vk + PGk Vi + g




Two-Fluid Model

- Local instantaneous equation

0
"_%f_k + V- (vkpkwk) ==V -J, + p0,
G Volume average Integration for k-phase volume

op, ¥ —
Lk jr EqV + j V(0¥ + )V = [ o, =0

- Leibniz rule

EJ‘FdV :jﬁdVJervs.ﬁdA — j—dV _—deV—IFVS-ﬁdA
dtvk ot A ty A

Vi

J-apak;//k dv =— J-pkl/jkdv J-pkl/jkv -NdA
Vi

jV Ve +J)dV = I(Vkpk’%/k""] )-ndA

k

_[Pk%dv = _[Pk(”kdv =V, (PP
Vk

|<vk




Two-Fluid Model

op, ¥ —
Lk Pk gy o+ L} V-G p, ¥, +J,)dV - L} P, @, =0

ot

i |

d I _ >\ =
ajpkwkdv — IPkaVs -NdA + J-(Vkpky/k +J,)-AdA - Vil{po =0
Vi A A

d I I C—
at IPkV’de _IPkWEVs -NdA + J.ka/EVk 'ndA"‘IJk A=V, pep )i =0
Vi A A A

d L. >
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Two-Fluid Model

d o -
at ijWde "‘jpk‘%’k (V, —V,)-ndA+ J-‘]k -NdA-V, {po N =0
\ A A

Ak:Aki+Akw+Akj
(7 BT 4 EOlo) P BN 4+ B0 P BN
v.=0 v.=0

f P (U — Vs) - NdA = f P (U — Us) - ndA + j PP Uy - NdA + f PPy Vg - NdA

Ak Aki Akw Agj

= (M), + (i), + Z(pklpkﬁk)k(ak)Aj
J
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o
>
[l
iy
=
=)
o
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Aki+Akw+

£

d A A -
- jpkadV + Z(PkaVk>k<ak>Aj = _(mkV/k )i _(mk‘)”k )W - ij NdA+V, {pri)
dt Vi i A+ A+ Ay




Two-Fluid Model

d A A -
- ka‘//kdv +Z<Pk‘//kvk>k<0‘k>Aj = _(mka )i _(mkV/k )W - J.‘Jk NAdA+V, p @)
dt Vi i A+ Awt Ay

For a fixed volume (i.e., a stationary and non-deformable volume)

d _ d B 8 B a Vk B a Vk
a\;[pkwkdv _ajakpkadV _E(J‘akpkl/jkva_a[\TIakpkadV) _E(V—k\;[pkv/kva

v v kv
0

0 0
- 5(Vk P )= a(<<ak WV P )=V a(«ak WP

& —
]
=
=)
o
>
[l
]
=

fdA+ [J, -fdA+ [J, -fidA
A Ay

2 — 2 —

]
<

AdA+ [J,-AdA+D (o) J, -fi A
A i

% %(«ak P« )"' Z<PkaVk>k<ak>Aj

:_(mk‘/}k)i _(mkl/;k)w - jjk -NdA - _[jk °ﬁdA_Z<ak>jk 'ﬁjAj +V (P N«
Ay Aaw J




Two-Fluid Model

= (M7, )i — (M, )w B

Vv §(<<ak>><<pkl//k>>k )+

Z PNV ) Aj
J

J, -idA— [ J, -fidA-
A

Ajkik

Z(ak>jk A +V Lok

mass  y, =1,J, =0,¢, =0

VE(a D T ) A, =i, = (),
FUCHDRET SOSRESIERILY
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Two-Fluid Model

I IABINES A A BRCBLY
J

- _(mkl/;k )i _(mkV;k )w B J“Tk -NdA - _[jk 'ﬁdA_Z<ak>jk 'ﬁj AJ’ Vi Pk )i
Aq A J'

momentum y, =V,,J, = pl -7,9,=§ \%k :Interface Ol M k &2 BE&E

V(AT A pAT)A
J

:_<mk\_}k)| _(mk\?k)w_ Ijk -NdA - Ijk 'ﬁdA_Z<ak>5k AV Kp@))
A Ay

J

[J, -fidA = j(pklz— k)- ndA=F, Interfacial drag
Ak'

Wall drag




Two-Fluid Model

VE (aAIN T (T IA

- _(mk\%k )i . (mk\%k )W = R = Fuc = 2 (@) PA +V Lo D, B,

(<<ak>><<pkv W )+ Z<pkv Vo (o)A

=Yg ) - L), _1 F-lp, —\72<ak> pA, + (e N p N
J

V V V V
0 _ 1 _
a(akpkvk)—l_vzj:akpkvkvk Aj

1(. » 1(. » 1 1 1 _
:_V(mkvk)i _V(mkvk)w RV Fi RV Foi _vzj:ak PA; +a,p, Q
opUsa a., 10 oP

U2 cOA)-TU, =—a—- snd-F,.—F +F

ot A pe (pG ) pe PcY VM

op U (1-a)

ot

10 oP :
+K§[pLUE(1_a)A]+FU| :_(1_05)5_,@_(1_05)93'“ 0-F,.+F —Fy



Two-Fluid Model

T IRRINES NAABRCBLY

:_(mk‘f/k)i _(mkiﬁk )w B _[jk -NdA - J-jk 'ﬁdA_Z<0‘k>jk ‘ﬁjAj Vi llpepi)
Aq Ay :

energy  w, =U, +O.5vk2

g(«ak»« P )) )"‘ Z<pkukvk>k<ak>Aj + (mkﬁk )i T (mkﬁk )w

WdISS wk +Wd|ss pk +Wd|ss ik -V << pk >>k Z<ak >< pkvk>k J
+ G + G + D G AV L DA A,
j

+V oo DA« +V LK pG Vi)




Two-Fluid Model

Pressure work pressure work
Due to phase change at interface due to phase change
at fixed wall

v g(«ak»« Pkuk>>k)+Z<pkukvk>k<ak>Aj +(mkﬁk )i +(mkﬁk )w

Pl -7,
Pump work Pressure work
(at moving wall) at interface

_WdISS wk +Wd|ss pk +Wd|ss ik -V << pk >> k Z <ak >< pkvk >k
Dissipation work Shear work at interface
due to phase change
at fixed wall

Heat between CV

. . . "
T 0w Ty + Z Ay +V La XA« ~Gan) = [ pebi s = =G~ [ pe - 50 A - [ s, ida
j Agi Agi Aki

Wall heat

= —Givawdi— [ Ppyi =5 -7idd — [ pi, - iaa
. Pk

Interfacial heat A s Ak

= —(riychy ), — ((Pk))kVa—tk

+V L PGV«




Three—field Model

< One more field for droplet
v Ex) Continuity equation

0
a(agpg)+v-(agpgvg)=l“g, +1

0
a(alpl)+v'(alplvl)zflg —Sg+5,

0
a(adpd)_l_v'(adpdvd) =Ty +5e = Sp

Phase change
between vapor and
droplet

Phase change E
between vaporand 9 04
continuous liquid °

ntrainment, Sg

De-entrainment, S[:!

oqt




Three—field Model

*» Three-field model code

v" COBRA-TF (sub-channel code)
- MARS: RELAP5 + COBRA-TF

v SPACE, CATHARE-3, TRACE S

v" Necessity of three-field model | X
= Reflood heat transfer == -
= Steam binding L‘ZIZZ:J

v" Problems

= Droplet behaviors
— Difficult to measure
— Many interaction mechanisms with structure
— Difficult to model

= Robustness

= Unphysical prediction of droplet behaviors
— Droplet can exist in bubbly flow?

Upper plenum
Pressureincrea:

Heat transfer
from the secondary
to the primary

Evaporation
~| in SG U-tubes

quench
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Three—field Model

**» Three-field model code

Droplet-grid spacer interaction

1 ‘
‘




