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Accident Simulation Tests for High Conversion Light

Water Reactor Using a High Pressure Water Loop

Takamichi IWAMURA, Hironori WATANABE, Fumimasa ARAYA
Tsutomu OKUBO and Yoshio MURAO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research TInstitute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received March 2, 1992)

A high pressure water loop was constructed to investigate thermal-
hydraulic characteristics under operational and transient conditions of a
high conversion light water reactor (HCLWR). The maximum pressure,
heating power and heating length of the loop are 16MPa, 1.IMW, and 1.8m,
respectively. The test section consists of seven electrically heated
rods arranged in a triangular lattice. Axial power distribution is
simulated stepwisely under the maximum linear power density of 75kW/m.
Several C-A thermocouples are embedded inside the cladding tc detect the
onset of departure from nucleate boiling (DNB). The heating power of the
center rod is about 177% higher than that of the peripheral rods to ensure
the first DNB detection at the center rod. The rod bundle is supported by
grid type spacers. Flow and power control system has been developed to
perform accident simulation tests and transient DNB tests.

Accident simulation tests of a double-flat-core type HCLWR were
performed with the loop. Among various accldents, locked rotor of one
primary coolant pump and control rod cluster ejection were selected as
- typical severe events caused by flow reduction and power increase,
regpectively. After several trials, the transients of flow rate and
surface heat flux could be well agreed with the core thermal-hydraulic
behaviors calculated with the three-dimensional best—estimate code REFLA/

TRAC. DNB was not observed in the course of the transients as in the case

(2)
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of the analyses. Transient DNB tests were then performed by increasing
the initial heating power while preserving the power transient curves of
the accident simulation tests. The test results indicated that the
double-flat-core type HCLWR has a large DNB margin under these two
accident situations. The local heat flux at the onset of DNB was
predicted within the uncertainty of 10% by either KfK or EPRI-Columbila
critical heat flux (CHF) correlations using local instantaneous flow

conditions calculated with the COBRA-IV-I subchannel analysis code.

Keywords: Thermal-hydraulic Experiment, Critical Heat Flux, Accident
Analysis, Subchannel Analysis, HCLWR, Transient CEF, DNB,
Accident Simulation, REFLA/TRAC Code, COBRA Code
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Table 2.1 Major specifications of high pressure water loop

1} Loop
Max. ©pressure 16.90 MPa
Max. water temperature 380 °C
Test section power supply 1.1 MW{I1MW¥+100KkY)
Circulation pump head 180 mH
Max. flow rate 250 2 /min
Piping 2B

2) Components

Pressurizer volume 300 2
heater power 40 kW
spray nozzie 1/2B

Cooler Cooling power 1.1 MW
forced air-cooling

Preheater volume 22 &
heater power 30kW
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Table 2.2 Instrumentation

Instrumentation Number of Input teo data
instfuments acquisition system
(1) Hezter rod temperature 30 12
- Center rod (6x1)
- peripheral rod (4% 8§)
{2) Fluid temperature g 2

- Test section inlet

- Test section outlet

+ Pressurizer top

* Pressurizer bottom

+ Cocler inlet

- Cooler ocutlet

- Pump upstream

* Flow meter upstream

+ Preheater downstreanm
(3) Fluid temperature distribution 12 5

+ Exit of heated section
(4) Pressure 2 2

+ Exit of test section

- Top of pressurizer

() Liquid level 1 1
+ Pressurizer
(6) Differential pressure 4 4
+ Test section, total (1
- Test section, partial {3)
{T) Mass flow rate 3 SRR AR

- Large range (12000kg/h)
+ Small range (6000kg/h)
+ Cooler inlet

{§) Heating power 2 2
+ Center rod (100k¥)
- Peripheral rod (1. 1MW)

Total 63 30

(#) Calculated mass flow rate

(¥*) Differential pressure of orifice
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Fig. 3.3 Relation between reactor power transient and cladding
surface heat flux transient for locked rotor accident
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Table 4.1 TInput parameters for COBRA-IV-I analysis

Subcoel void model

Bulk void model

Rod friction coefficient
Spacer loss coefficient

Heat transfer correlations
Cross. flow resistance

Cross: flow momentum facter
Turbulent momentum facter

Turbulent mixing coefficient

Solution algorithm

No subcool void
Homogeneous
Blasius

10

RELAP—-4 package
0.5

05

0.0

Single—phase : 0.003

Two-phase  : Function of void fraction®
Implicit steady—state and explicit transient with
inlet flow specified

Table 4.2 Predicted to measured CHF ratios for transient DNB tests

Flow conditions®
D+ KIK
2+ KfK

(I)+ EPRI-Columbia

{Calculated CHF) / (Local heat flux) at DNB time
Power transient curve®
Run 515 Run 519
1.094 1.065
1.216 1.202
0.990 0.967
1.279 1.309

(2)+ EPRI-Columbia

(1) Flow conditions

(1): Local mass velocity and local enthalpy

(3): Inlet mass velocity and bundle average enthalpy

(2) Power transient curve

Run 515 : Locked rotor accident simulation

Run 519 : Control rod cluster ejection accident simulation
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Fig. 4.1 1Inlet mass velocity, center rod power and heater
rod temperature (RUN 515)
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Fig. 4.2 Relation between heating power and rod surface heat flux
(RUN 515)
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Fig. 4.4 1Inlet mass velocity, center rod power and heater rod
temperature (RUN 519)
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Fig. 4.8 Tocal mass velocity and enthalpy calculated with
COBRA-TIV-I compared with inlet mass velocity and
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Fig. 4.10 Calculated teo measured CHF ratio using local conditions
and inlet conditions (KfK correlation / RUN 515)
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Fig. 4.11 Calculated to measured CHF ratio using local conditions
and inlet conditions (EPRI~Columbia correlation / RUN 515)
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Fig. 4.12 Calculated to measured CHF ratio using local conditions
and inlet conditons (KfX correlation / RUN 519)
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Fig. 4.13 Calculated to measured CHF ratio using local conditions
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