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Basic Field Equations of Compressible
Two-Fluid Model

. 0
Mass conservation o HPx +Veap U =1L — 1

] 0
Momentum conservation aakpkuk +V-q p U U+, VP =

Fo +Fu +Fut Ve o V-u + 1, u.—1 U

. a u2 u2
Energy conservation gakp{e" +7kj+v'akpk(hk +7kjuk =

____________________________________________________________________________________________

t:Time(s) u:Velocity(m/s) P:Pessure(Pa) F:Force per unit volume (N/m?3)
: e:energy (J/kg), h:Enthalpy J/kg), ezVolumetric fraction p:Density(kg/m?)
&Momentum diffusivity(m?/s), I :Phase change rate (kg/m3s)

i_(suffix) k:phase(gas/liquid), i:interface, v:added mass, w:wall friction

___________________________________________________________________________________________

Numerical Method (Finite volume method)

Generalized transport equation

0 Finite volume, n
E¢k+v-(¢kuk):bk -

Conserved

] .. L. Flux, {quantity
Discretization by Finite Volume Method (FvM) ¢U/ ¢

d
Cn a<¢k >n + Z(Anm¢k,nmuk,nm): Cn <bk>n Boundary

area, m

Time inteqgration by Euler Method

(4 (t+At)), = (4 (1), +d<¢5—?)>”x At

¢.conserved quantity, b:source, C:finite volume capacity, A: boundary area,
At:time step (suffix) n:finite volume number, m:boundary area number
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Compressible Fluid Calculation

Compressible Single-phase theory

Riemann invariant A+ AP =0 along lines of
pa characteristics
a: sound speed (m/s)

1 1
Uii1yo = _(ui +ui+1)+—(Pi - Pi+1)

Solution by method 2 2 pa
of characteristics 1 o2}
I:)i+1/2 = E(F)I + Pi+l)+7(ui _ui+1)

Extension to two-phase flow*

u  Volumetric velocity of two-phase mixture, |
a  Sound speed in two-phase mixture, a,

] =a,u, +a,u,

*Minato, A., “Numerical Analysis of Gas-Liquid Two-Phase Flow by Using Compressible Two-Fluid
Model,” Kikai-Gakkai-Ronbunshu (JSME Journal), Ser. B, 68[673], pp. 2489-2495 (2002) (in Japanese)

Constitutive Relationships

m Interface friction (Andersen’s model*)
g(pz ~ Py )uk ~ uk“
gaf 7 2 (
Vi

m Phase change rate

Fy = U, — uk')

Evaporation 1~ \ = Pn Xeg — X for X< X

T

: X=X,
q
Condensation I, =p, for X > X,

\7gj -drift velocity, x:quality, z;time constant of evaporation

*Andersen, J.G.M., “Interface Shear Model of Two-Fluid Model,”
Transactions of American Nuclear Society, 41, pp.669-671 (1982)
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Benchmark Problem

(Sod’s shock tube)
Initial State .......................
1.25 - Time: 0.5017 Calculatéd
0.5 10 ===\ — Theoretical
— 7 - Rarefaction
/ P wave
P=1 P=0.1 g; Contact
p=1 p=0.125 Sos \ iscontinuity
u=0 u=0 | " Shock front
| R
Time step At=1.0><103 |
0
Number of finite volumes: 200 0.5 0 0.5
Distance

Benchmark Problem

(Hydraulic hammer in two-phase flow)

Closed end 20m
e — S
g\ f
4
. . . < mﬁv
Uniform air-water mixture o Ib“bmg\ 250ms”
2 1 LV \
Air-water & | \ \
\Void fraction 10% o 0 \ \ \
Velocity 0.1m/s 0 5 10 15 20
Distance (m)
Theoretical Calculated
35.3 36.4

Wave propagation velocity (m/s)

Pressure rise (kPa) 3.18 3.20
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Two-Phase Jet Experimental Facility of JAERI*

Experimental conditions

Reactor type BWR | PWR
Water | Pressure (MPa) 6.8 15.5
Temperature 285 325
()
Pipe diameter, D mm 90-190
Distance to target, H/D 1,2,5,18

Pressurizer

| e raigpi

| Pressure vessel Target Plate

oy

. {.i._f lj \-l“ﬂflit-q, w.""t : 'I;::ml _'-'C‘_.‘.:‘ mﬂ o ..
*Isozakl T., Miyazono, S., “Experlmental Study of Jet Discharge Test Results under BWR/PWR Loss
of Coolant Accident Conditions,” Nucl. Eng. Design, 96, pp.1-9 (1988)
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(1) Sod

(2) BWR  PWR
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