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TRANSAT CFD

Our services are based on proprietary product TransAT
excelling in Multiphase, Multiphysics simulation
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For 2D & 3D complex,
separated and transient
dominated turbulent flows
with heat and mass transfer.

Built to runHPCGversion on a
selection of local and Cloud
basedHPCsystems.

TransAT

FD Module

TransAT

C

Dedicated to multifluid and
particle flows featuring phase
change heat & mass transfer.

Multiphase flows (all sorts),
with chemical reaction, or
non-Newtonian behavior.
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MODEL APPLICATIONS (1)

Phase changel/inversion in compressible Multiphase flow:

Choking of multiphase flow in a nozzle
Flashing of multiphase flow in a throat
Condensation induced shocks

Condensing high-speed shocking jets
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CHOKING OF MULTIPHASE FLOW NOZZLE

Design and safety

Single phase (well known)

1 Steam chokes at a pressure ratio of

0.7, but recovers through a normal Multiphase critical flow in a nozzle
shock

1 Ata pressure ratio of 0.5 and 0.4 the 1 Depends on assumptions on thermal
flow is overexpanded equilibrium or frozen flow

Po/p = 09 {1 Practical cases are in between frozen
and equilibrium
1 Choking is based on mixture sound
Po/p =0.7 Speed
B |
1 Effect of multicomponent flow

Np =05 oo |  Effect of different geometries is not
. b characterized very well
3
fors 1 Very important flow phenomenon in
P =04 =0. . . .
O/p- E:255 many different industries
0.0637-
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CHOKING OF MULTIPHASE FLOW NOZZLE

Inlet void fraction 0.65 (high)

Water-steam system

Inlet P,, Ty: 3 MPa, 507 K
Effect of inlet void fraction
3z High void fraction: 0.65
z Low void fraction: 0.1

0
0

High void fraction behaves similar to single
phase vapour flow:

Flow is choked at a p,,;, of 0.7
Not fully expanded at p,,;, of 0.5
Void fraction increases due to boiling

Pexit=2.1 MPa
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CHOKING OF MULTIPHASE FLOW NOZZLE

Inlet void fraction 0.1 (low)

Water-steam system

0 Inlet Py, Ty: 3 MPa, 507 K

0 Effect of inlet void fraction
2 High void fraction: 0.65
3z Low void fraction: 0.1

Pexit=2.1 MPa
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Low void fraction critical flow is much delayed
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Flow is choked at a p,,, of 0.4 (1.2 MPa)
Void fraction increases due to boiling

Mixture sound speed is much lower than
vapour sound speed

Velocity is therefore lower for M =1

Pexit=2.1 MPa
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6.000e-01

o
o
&

o
I
o

Pexit=1.5 MPa

1

Pexit=1.2 MPa

o o
o w
~ o

o
53

mmﬂmmﬁlmmH\mmm

1.000e-01

O POYRY

COPYRIGHTOPOYRY

POYRY PRESENTATION
MARCH 2016



FLASHING OF MULTIPHASE FLOW IN A THROAT

Super Moby Dick benchmark

A Ref. Rousseau, Multiphase Sc. Tech.
(1987)
A" Pginet = 40, 80 and 120 bar
A Mass flow: 10, 17 and 20kg/s
A 7% divergence section case
A Inlet is around 15-20° subcooled
A Saturation pressure is higher than P,
A Liquid density decreases with pressure
A Vapour density increases with pressure
T inlet P out Density Densit Tsat
(K) (bar) (L) y (V) (Pin)
(kg/m3)  (kg/m3) (K)
40 513.65 | 23 33.76 779 16 523.51
80 551.65 | 48 62.74 706 31 568.16
120 578.85 | 77 92.99 642 48 597.83

Non-equilibrium multiphase model

Each phase has separate EoS.

Phases can be in metastable states
(Superheated liquid; Subcooled
vapour)

Thermodynamic effects in the
cavitation model are significant.

Typical cavitation models ignore the
latent heat and variation in C.

Throat

7° divergent section

Po, To Pe
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FLASHING OF MULTIPHASE FLOW IN A THROAT

40 b Soundspeed Mach
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FLASHING OF MULTIPHASE FLOW IN A THROAT

Results: Mass flow rates & pressure recovery.

Compressible
Variable Py, C,, Latent heat

Mass flow rate (kg/s)
Case Expt TransAT
nb = 5.102 e 0-I2 ?ﬂi:ial position (L:rl\e; O.IB e
40B240C 10.3 9.65
80B276C 16.8 15.29 .
120B305C 19.6 18.27
0.%‘0 o %‘:ial position (%‘\6) 0“8 e
A Mass flow rates are well predicted A The void fraction evolution is well captured.
A P sharply reduces in the throat and recovers
with a shock.
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CONDENSATION INDUCED SHOCKS

ASHRAE Research Project

Slug forms due to inflow of vapour and t% et
condensation of vapour on cold liquid ; o
interface B

Compression of trapped vapour results in
fast condensation and Shock formation
Shock formation is a big risk in commercial
refrigeration systems

[-860 Em.a
-4.112e+02 1.000e+01

PACE measurements (ignores fast transients)

L5-L6 Mdot = 0.0130 kg/s; bubble radius = 100mu
350 T T T T

P2(Inlet) — Modelling:

300 b e PACE 1 i
250 [ A Compressible two-phase mixture
G 200 [ el PACE4 - model
2150 fo i PSR T Specific properties for Ammonia lig. &
100 |roorereiie o vapour
i R S Variable T, vs. pressure
" - 3 4 — Mass transfer model

Time (s)
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CONDENSING STEAM JET IN A POOL
KEPCO (Korea) project

O«

Highly underexpanded compressible steam jet in cold water.
Steam jet expansion through oblique shock waves.

Steam condensation.

Effect of phase change on pressure wave sound speed.
Predict pressure fluctuation due to condensing steam jet.

O« O¢ O«

O«

Highly turbulent F Turbulent jet
at the condensing interface induced by a 1
{ between steam jet and water Iz condensmg steam ]et .

Pressure (Pa)

o 100 200 300 400 500
Freq. (Hz)

Vapor core Mlxmg reglon wuth > = A60612| :
(Steam cavity) small bubbles a--h S r

—

Pressure(Pa)

A Mass-flux 600 kg/m?2s

. i
A 10 mm diameter jet Exp: SJ Hong(2000 A < .1 f *"‘3 :
A Inlet velocity: 500 m/s ! Tyt
A Water Saturated (100°C) M e -

Frequency(Hz)

A Large-eddy Simulation
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MODEL APPLICATIONS (2)

Multiphase flow in flow-metering systems:

Setup and meshing in TransAT

Bubbly flow in a Venturi tube

Bubbly flow in a tube with a V-cone

Flow past bluff body in a stratified free-surface flow
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SETUP #MESHINGN TranSAT

Meshing using TransAT is a 10m task

s § 1 LA s 1/
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BUBBL¥LOWN A VENTURILOWMETER
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