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Thermal Loads in Pipes or Components

» Problem: Thermal loads in pipes or
components which cannot be
measured directly by e.g. local
temperature measurement

» Standard method: definition of
conservative thermal transients.
This leads to huge thermal loads.

» New method: A fluid and thermo
dynamical calculation of the pipe or
component leads to realistic
temperature transients.

» Examples will be shown for the
Regenerative Heat exchanger,
the spray line and the pressurizer.
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STADRU tool box - Definition

Lifecycle

»STADRU | tool box for thermal hydraulic calculations

provides the platform to solve system
guestions

closed loop concept for system
design starting from the Basic Design
over Detailed Design to the life time
survelllance.
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STADRU tool box

NPP system conditions
—> Design challenges
—> Code requirements

» single phase (Weak compressible )
(e.g. oil, cooling medium, liquid H,O, low AP air)
e Steady state or slow transient

Thermal Transient calculations including heat exchangers with

STADRU
huge temperature changes at tube or shell side

toolbox meets

these design
» Fully transient (compressible) challenges

e @Gas (critical flow)

Liquid + gas (steam and inert gas in arbitrary concentrations )
e Condensation/evaporation

-fluide: e.g. Hzo, Nz, 02, Hz, He, Ar or COZ

A
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Basic Design
Stadru Classic

STADRU tool box
NPP system design lifecycle

Transients

Fatigue
Analysis

Fatigue Process
over Lifetime
STADRU TT / 2phase
with Contare

Input from
NPP

During Plant Operation

Feedback
for _ _
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Design (LL)
Thermal loads
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P, STADRU tool box
. NPP system design lifecycle

Lifecycle

Closed loop concept for system design

» Basic and detail system design

» Examination of all system functions

» Definition of thermal loads

» Fatigue relevant loads to I&C and components

» Definition of all system operational modes

» Pre system testing based on commissioning needs
» Commissioning surveillance

» Life time surveillance of the systems AN

AREV A

Simulation of fatigue relevant thermal loads — 46. Kraftwerkskolloquium Dresden - Dr. Leilich, Dr. Schlicht - 15/10/2014  Allrights are reserved, see liability notice. ~ forward-looking energy
- AREVA GmbH Proprietary - RESTRICTED AREVA - © AREVA - AL: N- ECCN: N -p.7



STADRU tool box

Deployment examples of the last few years

KONVOI
design and commissioning

Atucha (D20)

BIBLIS

EPR

ATMEA

Gundremmingen

FRM 2 Munich

Beznau,
Gosgen

Trillo

WWER plants

Cooling chain, cooling towers, CVCS, RHRS, SIS, Sealwater,
Safety valve design, PZR Spray

Cooling chain, CVCS, RHRS, SIS, Sealwater,
Safety valve design, Refueling machine

Thermal loads for the CVCS (Life time cycle)

Thermal loads for the CVCS and design of the coolers

Thermal loads for different system parts

Reactor trip system of the BWR, Water system with gas energy
supply (Accumulator tank system)

He systems

Gas/Water protection system for a water tank
Cooling system for fuel storage pool

CVCS design, Back flushing of the sump grids

Cooling chain A
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System
Design
Lifecycle

GEONET:

KOMPO:

STADRU Classic:

STADRU TT:

Generation of piping networks

Reproduction of components

STADRU tool box
Program structure

Steady state or slow transient calculations of
single phasic piping networks for system design.

Thermal Transient calculations of single phasic
piping networks which includes the behavior of
the pipe walls and the insolation as well as the

Geonet | | Kompo | || [ sTADRU ., STADRU
[1D or 30 Networl k) (Components) L7710 2 Phase” 10/30
y + :
(] (]
- Y . - ! | ]
Boundary L STADRU | _____. :
conditions ,Classic® 1D
Pre processing ,‘ Calculat
All parts of
the tool box
communicate

via interface
files and use

time dependent behavior of heat exchangers. collective
libraries.
STADRU 2-Phase: Time dependent thermal hydraulical calculation
with change phase in 1-D networks or 3-D volumes
Graphical Post Tools for the different visualization of calculations
Processing: 9
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STADRU TT

Temperature transients
IN a piping system
with a heat exchanger

\
rrrrrrrrrrrrrrrrrrrrr

time [s]
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STADRU tool box
STADRUTT

Heat loss Temperature

[esstesssssine

£ ‘0‘:
£ ]

r B Pipe wall

STADRU TT
Input

/n Meter

STADRUTT

Position of thermal
calculation

Number of positions
depends on the scaling
Following essentials for solving transient

problems are considered by STADRU TT:
radial and longitudinal mutual heat transfer

- heat storage within pipe wall

heat loss through the insulation
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Pipe length 40 meter; mass flow 9 kTg;

STADRU tool box
STADRUTT

Temperature change in 10 seconds at the beginning of the pipe

from 50°C to 300°C

from 300°C to 50°C

Eh £ e =18
[ - |

B | / 2 | | | Outer wall Temperature at the

& | — A | nozzle
o | CHN
= A | outer wall temperature at the 0 e \I Inner wall Temperature at the nozzle |
Bal nozzle sed |
3 a ‘,‘ *,é ‘\‘ Water Temperature at pipe inlet]
,3 - | Inner wall temperature at the E’ﬁ T "

o | = |
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STADRU tool box — STADRU TT
Detailed model of complex REKU HX

y N
\* (1)

1

Y\

Y

i Hildbriicke
Schildiriicks A

o Plale

7 — 1] .
STADRU TT contains a multi-cell model of REKU HX with a set of coupled differential
equations
A single cell model is not capable to describe/simulate such a complex HX with high A9 (as
for high A9 the fluid properties can undergo a change up to 30 % and result into even

higher thermal hydraulic consequences for component). I\
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STADRU tool box — STADRU TT
Layout transient

Temperature and massflow over the time at heat-exchanger
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STADRU tool box — STADRU TT
Detailed model of complex REKU HX

Temperature over the length of the Temperature over the outlet-chamber of
heat-exchanger the heat-exchanger

|
0L |

||||||||||||||||||||||||||||||||||||||

Start
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STADRU tool box — STADRU TT

z | . iz immgfmﬁ%
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STADRU TT: Influence of pipe 2 S TiEE AT (el
length, heat capacity and heat \0s5€S length :45m
loss + fully transient . \,\ea’t Inner-Diameter : 0.0900 m
calculation of multi-cell REKU N Wall thickness :0.0125 m
HX of the load transient. BL ﬂ
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STADRU tool box — STADRU TT
Analysis of a day

Space of calculation time: 1 Day ~ 86400sec

Temperature and massflow over the time at the heat-exchanger
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STADRU tool box — STADRU TT
Advantages

The time dependent temperature at or in internal
structures like tube plates or outlet chambers is
calculated

High resolution of the geometry

The change of fouling over time can be calculated
(fouling factor)

Analysis and optimization of operational modes

Direct transfer of the calculated temperature profiles to
fatigue analysis

The detailed time dependent calculation of temperatures
leads to lower fatigue loads (reduction factor between 2
and 15)
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STADRU thase

Time dependent thermal hydraulical
calculation with change of phase In

= 1-D networks or
= 3-D volumes
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STADRU 2-Phase

» STADRU2-Phase solves the time dependent conservation
equations for momentum, mass and energy (Navier-Stokes
equations).

» The closure relations for computation of the drag forces as well
as the mass, momentum and energy source terms are based on
flow patterns characterizing the specific nature of the two phase
flow like bubbly, slug or film flow.

» STADRU 2-Phases uses about 40 flow patterns to characterize the
different flow situations; especially fragmentation or coalescence
of droplets or bubbles.

» STADRU 2-Phase uses for each cell different velocities and
temperatures for gas, liquid and droplets or bubbles, and is thus
able to handle droplet entrainment or deposition in case of film
flow or horizontal stratified flow.

Simulation of fatigue relevant thermal loads — 46. Kraftwerkskolloquium Dresden - Dr. Leilich, Dr. Schlicht - 15/10/2014
- AREVA GmbH Proprietary - RESTRICTED AREVA - © AREVA - AL: N- ECCN: N -p.20

AREVA

All rights are reserved, see liability notice. forwar d-looking energy



STADRU 2-Phase

Pressurizer spray line for a German

Nuclear power plant

Spray

| 2 Chahnge from permanent spraying to full spraying with respect " Valve
to the
P Pressurizer 120
Pressure : 156 bar
Temperature : 345 °C ME 1
P Permanent spraying
Mass flow : 0.8 kg/s |Pipet
Temperature 300 °C
.. Spray
P Full spraying nozzle
Mass flow : 12 kg/s
Valve opening 1 S
Background:
» The permanent spray is very small and does not
fill the pipe.
» During spraying, there is a change from steam to
water and back at spray valve close.
» The calculation was made for determination of Main Coolant Line
the thermal loads at the spray nozzle.
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STADRU 2-Phase

Opening of the Spray Valve

Fluid and wall temperature over the

Liguid

length of the spray line

inner
Temperature Wall temperature s
Time: 10,006652 Tine? 10,006652
< o
B £
5] o]
] ¢-
- m 4
9 i
Mo o
82_ op
pe 30._
J o4 Eo-
7 g
. .
85 ie
Ea- + o
i -f
- — -
2 22
e o
] S
o] o
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o 1 ) 1 ) I 1 T 1 I 1 I 1 T 1 ) 1 ) I ) 1 & 1 T ) I T | T 1 T 1 I 1 ) 1 I T T I
Wo.00 0,60 1,20 1,80 2,40 3,00 3,60 4,20 4,80 5,40 6,00 W00 0,60 1,20 1,80 2,40 3,00 3,60 4,20 4,80 5,40 6,00
. Length [m] . . Length [n]
Tzt 1247 12d28 1307 1327 4347 1360 1387 140 1427 144 1461450 CELL 15T 154" 12455 1307 1327 134" 136 135 190" 142" 144" 14614E0 CELL
Spray valve Horizontal Spray nozzle Spray valve Horizontal Spray nozzle
Part Part

Start
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STADRU 2-Phase
Benefit of the 1D Calculation

» Temperatures, velocities and void fraction of the fluid at every
position between the spray valve and the spray nozzle

» Mean wall temperatures at every position between the
spray valve and the spray nozzle

» Optimization of the system with different boundary conditions

» Realistic temperature transients for thermal loads
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» Simulation of the thermal loads in the

STADRU 2-Phase
3D Simulation: Pressurizer

Spray
nozzles

pressurizer which is described by a 3D

model

» Height: 11.7 m
» Diameter: 2.8 m
» Volume: ~ 75 m3
» Max. heating power: 2 MW
» Surge line diameter: 0.350 m

Heater
rods

Surge
line
sieve

Heater
support plate
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STADRU 2-Phase
3D Geometry Model

_ TH T spray nozzle wall Permeab“ity Cel IS In d I reCtlon
r L] e : full open .
i i : partial » Axial 117x 0.1 m
g ! open
close » Radial 14 x 0.1 m
G Lo » Azimuthal 3 xm/4 +2 x /8
” ; (180° symmetry)
54,2
. » Total number of cells: 8190
'

g 162.6
’ T T T 1T 177 T 1T 1T LI 1T T T 0.0 F‘hl [deg]

7] heater rods 0.,00.140.2280.420.560.700.2840.921.121.251.40
2 F:ggéf“heater support plate r

% B surge line sieve
"o r Lml o A
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STADRU 2-Phase
3D Outsurge

Volume fraction of steam Liguid temperature
and liquid
£ B
. i o ¥ 345,00
- . £ : | 345,00
- = - = = 4 <
M| = C—— M-
I.i'i - = = IF: «
o] =
ﬁ_g “"_§
g‘_ ﬁ_ 142,24
o oo
n - &
ol 5
o @ | &
]
84, ode 339,18
™ B
I—|m '_'li'.l <
Exdl S%1%
o 17
N M. .p
%_ 8 Q‘_ B 336,12
'd: o
4 1<
B{* 2l
I ieH
12 g [T 333,06
& ®
- 0
N“ 8 i a
5 - .
i - |
o o 230,00
g 3 | ¢ 33000
o’ @ . ' ;
b ¥ % & o1z 17 i 2 S 5 B iR E X
I T T T T T T T T T T T 1
o o o 2 i LT Ths 0,00 0,23 0,47 oE:-o] 0,93 1,17 | 1,40
r [n] Start ol

» Pressure decrease
in the surge line:

20 barin 35s
»Permanent spray:
0.8 kg/s with 290 °C

» Permanent heating
with:

2*117 kW

AREV A

Simulation of fatigue relevant thermal loads — 46. Kraftwerkskolloquium Dresden - Dr. Leilich, Dr. Schlicht - 15/10/2014  Allrights are reserved, see liability notice. ~ forward-looking energy

- AREVA GmbH Proprietary - RESTRICTED AREVA - © AREVA - AL: N - ECCN: N - p.26



STADRU 2-Phase

3D Design studies for components

t= 2,0001 =

K

1.7 [ T T T S -
gl | o 0 LD LDl

..............

35

30

to vessel wall loads

z [m]
0,00 0,46 0,92 1,38 1,84 2,30 2,76 3,22 3,68 4,14 4,60
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
25

jed]

fire
ARTEY

_________

........

------

Study result:

The plate is blocking the
flow. The insurge is
directed to the vessel wall

> Thermal loads

Insurge flow with respect

t= 50006 =

110

1y

Spray nozzle and cone
design with respect to
- vessel wall loads

v

a0

z [m1]
3,80 4,59 5,38 6,17 &,9% 7,75 8,54 9,33 10,12 10,91 11,70
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

T

B0

Gix

i

2T A T e T s T oL T T4 T

T T T T T T T T T T T T
Q00 0,23 0,47 0,70 0,93 1,17 1,440
|

Study result:

The spray flow does not
reach the vessel wall under
operational conditions

> No thermal loads A
—_— A REVA
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STADRU 2-Phase
Benefit of the 3D Calculation

» Analysis of temperature and velocity fields in the 3D volume
» Optimization of the system with different boundary conditions

» Temperatures, velocities and void fraction of the fluid at every
position in the pressurizer

» Realistic temperature transients for thermal loads in the
pressurizer and the adjoined systems

A

AREVA

Simulation of fatigue relevant thermal loads — 46. Kraftwerkskolloquium Dresden - Dr. Leilich, Dr. Schlicht - 15/10/2014  Allrights are reserved, see liability notice. ~ forward-looking energy
- AREVA GmbH Proprietary - RESTRICTED AREVA - © AREVA - AL: N- ECCN: N -p.28



66

Editor and Copyright [Oct 15t 2014]: AREVA GmbH — Paul-Gossen-Straf3e 100,
91052 Erlangen, Germany. It is prohibited to reproduce the present publication in
its entirety or partially in whatever form without prior written consent. Legal action
may be taken against any infringer and/or any person breaching the
aforementioned prohibitions.

Subject to change without notice, errors excepted. lllustrations may differ from the
original. The statements and information in this brochure are for advertising
purposes only and do not constitute an offer of contract. They shall neither be
construed as a guarantee of quality or durability, nor as warranties of

merchantability or fitness for a particular purpose. These statements, even if they
are future-orientated, are based on information that was available to us at the date
of publication. Only the terms of individual contracts shall be authoritative for type,
scope and characteristics of our products and services. , ,

A

AREVA

Simulation of fatigue relevant thermal loads — 46. Kraftwerkskolloquium Dresden - Dr. Leilich, Dr. Schlicht - 15/10/2014  Allrights are reserved, see liability notice. ~ forward-looking energy
- AREVA GmbH Proprietary - RESTRICTED AREVA - © AREVA - AL: N- ECCN: N -p.29



End of presentation:
Simulation of Fatigue
relevant thermal Loads
of Components In
Piping Networks

Dr. Jan Leilich
Dr. Gerhard Schlicht

NSSS Primary Circuit and Aging
Management

Dresden, Oct. 15", 2014

A

AREVA

forward-looking energy



	Foliennummer 1
	Simulation of Fatigue relevant thermal Loads  of Components in Piping Networks�
	Thermal Loads in Pipes or Components
	STADRU tool box - Definition
	STADRU tool box
	STADRU tool box�NPP system design lifecycle
	STADRU tool box�NPP system design lifecycle
	STADRU tool box�Deployment examples of the last few years
	STADRU tool box�Program structure
	STADRU TT
	STADRU tool box�STADRU TT
	Foliennummer 12
	STADRU tool box – STADRU TT �Detailed model of complex REKU HX
	STADRU tool box – STADRU TT� Layout transient 
	STADRU tool box – STADRU TT �Detailed model of complex REKU HX 
	STADRU tool box – STADRU TT�
	STADRU tool box – STADRU TT� Analysis of a day
	STADRU tool box – STADRU TT�  Advantages
	STADRU 2-phase
	STADRU 2-Phase
	STADRU 2-Phase 	Pressurizer spray line for a German 				Nuclear power plant�
	STADRU 2-Phase�Opening of the Spray Valve
	STADRU 2-Phase�Benefit of the 1D Calculation
	STADRU 2-Phase�3D Simulation: Pressurizer
	STADRU 2-Phase�3D Geometry Model
	STADRU 2-Phase�3D Outsurge
	STADRU 2-Phase�3D Design studies for components
	STADRU 2-Phase�Benefit of the 3D Calculation
	Foliennummer 29
	End of presentation:�Simulation of Fatigue relevant thermal Loads  of Components in Piping Networks

