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Main Tasks of The PhD Project

e Bibliographic research of Thermal Stratification occurrence in Nuclear Power Plans (NPP);

e |dentification and assessment of the risk of Thermal Stratification phenomenon in the TCWS piping during plasma pulse operations;
e Determination of the thermal-hydraulics conditions associated to the stratified flow using CFD codes (Ansys CFX);

e Determination of the thermal-mechanics loads and fatigue effects associated to the stratified flow by using FEM codes (Ansys);

e Proposal of design modification on the TCWS piping to mitigate the risk of leakage or piping failure;
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Engineering Data
Hydraulic parameters

W P T W P T
(kg/s) (MPa) (°C)  (kg/s) (MPa)  (°C)
967.6 0.38 94.9 0.46 0.47 147.0 52.1 Latest
827.6 1.69 192.2 0.20 1.82 207.6 15.4
100.0 1.66 194.0 0 1.82 207.6 13.6
100.0 0.34 103.2 0 0.53 154.0 50.8
106.3 0.40 18.0 - - - -
945.0 0.38 100.0 - - - -
TCWS System Description Document(SDD)
Process Flow Diagrams (PFD) Vacuum Vessel PHTS Primary Loop
Piping data
Schedule 30 0.4570 0.01113 0.148439363 112.38 14.80 0.005
0.1143 0.00602 0.008212993 16.08 15.65 0.005

SS PI30O01A DN100 Schedule 40S

CAD Manual, Section 12-2 Piping Design Guidelines

Plasma operation condition

ASME B36.19M-2004, Stainless Steel Pipe

Simulation Description

Inductive condition for VV
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temperature change

Geometry and mesh Boundary Conditions
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Normal speed: 6.767m/s

Static temperature: 368.05K
Normal speed: 0.06121m/s

Static temperature: 420.15K

Static pressure: 0.45MPa

Absolute roughness: 0.005mm

Heat transfer coefficient: 0.3W/m?2K
Outside Temperature: 293.15K
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 Buoyancy effect activated.
 Fluid density, viscosity, specific heat capacity, thermal
conductivity and thermal expansivity were adjusted liner as
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743,149 :
a function of temperature.
778,751 *  Fluid domain initialized with T=368.05K and P=0.38MPa.
Max: 0.813  Turbulence model adopted was SST with wall function.

97.727% mesh volumes under 0.5
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Conclusion And Future Work

* Fluid thermal stratification phenomenon observed with the simulation result.
 Thermal stratification phenomenon stabilized at 400s.

 Turbulence quite severe near the surge line — main pipe junction.

* Inner pipe wall temperature difference is relatively low (Max 45.3K)under this condition.

 The last time step (500s) can be seen as the steady state result of the simulation and can be used as the starting point for the plasma pulse
transient.

As the fact that the simulation just showed the fluid dynamics result of the standby state in inductive condition of the plasma operation mode,

Inductive 400/ 1800 “ | simulation case inside the surge line, the result is just a reference state of the plasma operation, especially taking the high cyclic plasma pulse into consideration. More severe surge
Hybrid 1000 / 4000 transient S'mu'a_t'on in / out consequence can take place during the plasma ramp up/down, which needs a transient simulation with the mass flow rate varies with
Non-Inductive 3000/ 12000 was performed instead time. The next step of work should include:
of steady state
30 simulation
: ' . ' imulation for the inductive plasma pulse scenario
60  Time step large enough Tra_nS'e.nt >imu . . '
nductive 10 250 to see the steady state. * Validation for the simulation.
Hybrid T o « Next step simulation e Stress analysis due to the temperature profile from the CFX result.
SR = | " will'run from this result * Run the simulation for other operating conditions and transients, find out the worst case.
on-inauctive L8005 i . . . . . .
point.  Conduct the analysis for the other two pressurizer surge line in the TCWS system when the designs are available.
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