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KATHY Loop
Critical Heat Flux Tests

Measurement of critical heat flux (CHF) performance under
steady-state and transient operation conditions

Challenge

Heat transfer in nuclear fuel assemblies is limited by onset of
the boiling crisis, called CHF. CHF is indicated by a sudden rise of
surface temperature (for example, of the fuel rod cladding) due to « Full-scale test conditions reduce the
the decrease in heat transfer from the surface to the fluid. CHF need for subsequent modeling

can not be predicted by pure analytical modeling. Exact knowl-
edge of CHF initiation for all thermal-hydraulic initial conditions
is a mandatory prerequisite for licensing of nuclear fuel assembly
designs. Fuel assembly design-specific CHF correlations have to * Wide range of testable fuel designs due
be developed and validated. to more than 2,500 heater rods in stock

Therefore, CHF tests are performed under realistic boiling water * Benchmarked against OMEGA Loop (CEA),

reactor (BWR) or pressurized water reactor (PWR) conditions to ATLAS Loop (GE) and HTRF Loop (CU)

generate a CHF database. » Accredited test and inspection body and
accepted by ILAC

» Open to external customers

Customer benefits

» Precise test performance at high but fine
tunable power levels: maximum 20 MW

Solution

The Karlstein Thermal Hydraulic Test Loop (KATHY) is designed for
the performance of CHF tests under full-scale conditions to de-
termine the onset of CHF inside electrically

heated fuel assemblies which are geo-
metrically identical to real fuel assemblies.
This is a challenging task: high electrical
power and current levels have to be pre- Temperature
cisely handled and quickly controlled control =
when sudden CHF occurs. Determining
the onset of CHF requires sophisticated
and robust instrumentation operating at
high pressures and temperatures.

Direct contact
condenser

Pump head control

High pressure
coolers

Test vessels
- 5x5 bundle
- single rod

p<185bar

Control
valve

Test vessels
p<110 bar

Water steam
separator

Pressurizer

Pressure
control

To
condenser

Feedwater

b Flow control

F.!:@-.._
L= Control

Control
valve

Natural
circulation
loop

Your performance
is our everyday commitment



Technical information

The thermal-hydraulic conditions, such as pressure,
temperature and mass flow, are kept constant during the
CHF test run while the power is slowly increased until
CHF is reached.

The extensive instrumentation with thermocouples inside
the heater rods allows local determination of the axial
and radial onset of CHF in the test bundle.

Performance of:
e CHF tests on full-scale BWR test bundles
(up to 12x12 fuel designs)

* CHF tests on 5x5 PWR test bundles
» Single-phase pressure drop measurements
» Adiabatic two-phase flow pressure drop measurements

» Simulation of reactor transients, for example, pump or
turbine trip

» Hydraulic stability investigations on BWR test bundles
under natural circulation conditions, also with void
fraction modulated neutronic power feedback

Features

 Electrical DC power: 20 MW/ 85 kA

» Design pressure: 185 bar

« Design temperature: 360°C

* Maximum flow rate 250 m?/h

» Test bundle geometries: 5x5, 9x9, 10x10, 11x11, 12x12

* Rod axial power profiles: cosine, uniform, top-peak,
bottom-peak

e Data channels: 620 (easily extendable)

* Number of inlet flow lines: 3

(from very small to large size with independent mass
flow measurement to reduce uncertainties)

e Number of test vessels: 3
(PWR and BWR vessels and downcomer with steam-water
separator for natural circulation CHF and rewetting tests)

* Precise, automated power control system

* Broad range of instrumentation systems with redundancy
for key variables

* High- and low-pressure heat removal system

Contact: test-labs@framatome.com
www.framatome.com

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. Illustrations may differ from the original. The statements
and information contained in this publication 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.

Test bundle for full-scale test

Key figures

1986 startup testing; since then the KATHY
test loop has been continuously used and
upgraded

35,000 CHF test runs in database

140 BWR and 90 PWR fuel assemblies tested
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