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Post test calculations for six éelected CCTF and SCTF tests were
performed to assess the TRAC-PFl code for core thermal hydraulic behav-
iors during the reflood in a PWR LOCA. It was found through comparisons
of calculated results with measured results that predicted void frﬁction
and core mass with the TRAC-PFl code showed poor agreement with measured
results in quantity and that the TRAC-PFl code predicted well turnarcound
time, turnaround temperature and quench time in clad temperature transient
including parameter effect of system pressure and core power level. In
the calculation for the CCTF best-estimate test, which was performed
with low initial clad temperature, the TRAC-PF1l code predicted higher
core cooling rate and faster quench propagation than measured results.

A study on the interfacial friction model and wall heat transfer model
was performed to identify problem areas of the TRAC-PFl code. 1t is
recommended to improve following models of the TRAC-PFl code for more
realistic prediction of core thermal hydraulic behaviors during the
reflood in a PWR LOCA;

(1) Interfacial friction model in the bubbly/slug flow regime,

(2) 1Interfacial friction model in the vicinity of the flow transition

point from the churn flow to the annular/dispersed flow,

#*# Mitsubishi Atomic Power Industry



(3) Wall

(4) Wall

tion’

clad
Keywords:
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heat transfer model in the film boiling regime, and
heat transfer model on the criteria for the boiling transi-
from the film boiling to the transition boiling at low initial

temperature.

Reactor Safety, Heat Transfer, Two-phase Flow, Reflood,

Film Boiling, Numerical Simulation, TRAC code
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1 Introduction

The International Thermal-Hydraulic Code Assessment and Application Program
(ICAP) is conducted by several countries and coordinated by the United States Nuclear
chulatory_ Commission (USNRC).") The purpose of ICAP is to make qualitative and
quantitative statement regarding the accuracy of the current thermal-hydraulic computer
programs developed under the auspices of the USNRC.

Japan's contributions to ICAP include the assessment of TRAC-PWR, TRAC-BWR
and RELAPS codes. The assessment matrix is shown in Table 1.1.1. The assessment
calculations are conducted by Japan Atomic Energy Research Institute (JAERI} and
industrial groups.

The Large Scale Reflood Test Program is operated at JAERI to demonstrate the
effectiveness of emergency core cooling system(ECCS), to verify computer codes, and to
collect information to improve thermal hydraulic models in analysis codes during the refill
and reflood phases of a loss—of—coolant accident (LOCA) i a pressurized water
reactor(PWR).® In the program, two major test facilities are used, that is the Cylindrical
Corc Test Facility (CCTF) and the Slab Core Test Facility (SCTE).

The CCTF is a test facility designed to provide information on the thermal hydraulic
behaviors during the refill and reflood phases in a PWR LOCA with integral system
simulation. This facility has a full-height core section with about 2,000 electrically heated
rods arranged in a cylindrical configuration and has four primary loops with reactor
component simulations. The system integral effects and the core cooling characteristics
are investigated with the CCTF.

The main objective of the SCTF is to study two—dimensional thermal hydraulic
behaviors in the core during the refill and reflood phases in a PWR LOCA. The SCTF
has a full-height, full-radius and one-bundle—width core. The core includes about 2,000
clectrically heated rods as well as the CCTF.

The PWR version of the Transient Reactor Analysis Code (TRAC) is being dev eloped
at Los Alamos National Laboratory (LANL) to provide an advanced best—estimate
predictive capability for the analysis of postulated accidents in PWRs.®) The TRAC code
uses the two fluid model of the two phase flow as the basic model for the hydraulic
analysis with constitutive relations dependent on the flow pattern of the two phase flow.

To get reasonable prediction, it is essential to use physical models consistent with actual

— 1 —
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phenomena in such a prediction.
The objectives of this study is to assess the core thermal hydraulic model of the

TRAC-PF1 code during the reflood phase in a PWR LOCA with data from CCTF and
SCTF tests. In the previous studies at JAERI, the integral predictive capability of the
TRAC-PF1 code was assessed in the calculation of the CCTF base case test with the
model includii;g the primary loops by Kikuta et al.®” and the two-dimensional core cooling
behavior was assessed with the SCTF data using two dimensional VESSEL model by
Ohnuki et al.” In this study, a simplified model only the core and part of the

upper plenum is used in the calculation to assess the predictive capability of the
TRAC-PF1 code for the parameter effect on the core thermal hydraulic behaviors during
the reflood phase in a PWR LOCA. To eliminate the errors in the boundary conditions,
the measured core inlet mass flow rate and fluid temperature are specified as input data
as well as the core power and core outlet pressure.

In this study, version 12.5 of the TRAC-PF1/MOD1 code was used, which was the
latest version' available on JAERI's FACOM M-780 computer when this assessment study
was performed. Several parameter tests of CCTF tests are selected to assess the TRAC
code. The base case test,” the high and low pressure tests,” the low power test® and
the best-estimate(BE) test® are used. To check the effect of the core radial size, the flat
radial power test of the SCTF test!” is also used.

In section 2, the outline of selected CCTF and SCTF tests will be described as well
as the configuration of the facility. In section 3, the TRAC input data used in this study
will be explained. In section 4, the calculated results will be compared with test results.
Finally, the conclusions and recommendation will be summarized in section 5.
Comparisons of major data between measured and calculated results arc presented in

Appendix B for each tests.
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2 Test Description

2.1 Cylindrical core test facility

Figure 2.1.1 shows the schematics of the CCTF. The facility is designed to simulate
a 1100 MWe PWR with integrzil system simulation. The vertical dimension and the flow
path of each system component are scaled to the actual PWRs by factor of 1/1. The flow
area of each system component is scaled down in proportion to the core flow area scaling
factor of 1/21.4 to simulate the fluid velocity in the component.

The core of the CCTF consists of 32 bundles arranged in cylindrical configuration.
Each bundle contains 57 heater rods and 7 non-heated rods. The heater rods are heated.
electrically. The core power supply to the heater rods can be changed at a programmed
rate to simulate the power decay curve in the actual PWRs. The axial power distribution
of each heater rod simulate the cosine profile. o

The facility is equipped with four primary loops;three intact loops and a broken loop.
Each loop has a hot-leg—piping section, an active steam generator, a cross—over-leg
section, a pump simulator, an emergency core cooling (ECC) water injection port and a
cold-leg-piping section. Each pump simulator is equipped with an orifice plate to
simulate the flow resistance of the locked pump in a PWR.

The ECCS of the CCTF consists of the accumulator(Acc) and the low pressure
coolant injection(LPCI) systems. Each system is connected to ECC water injection ports
located at the lower plenum, the top of the downcomer, the upper plenum and each of
four cold-leg—piping sections. The injection location can be switched by flow control
valves in ECC water injection lines.

Figure 2.1.2 shows the vertical cross section of the pressure vessel of the CCTF. The
height of the pressure vessel is the same as the reference PWR. The flow area is scaled
in proportion to the flow area scaling.

Figure 2.1.3 show the cross section of the pressure vessel of the CCTF. The core
of the CCTF consists of 32 bundles arranged in cylindrical configuration. Each bundle
contains 57 heater rods and 7 non-heated rods. The core is usually subdivided into three
regions to achieve a desired radial power distribution. The three region are named high
and medium and low power regions, respectively. The local peaking in a bundle is unity,

that is, all heater rods in a bundle have the same power density in the CCTF Core-iI
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facility.

Figure 2.1.4 shows configuration of a heater rod. A heater rod consist of a nichrome
heating element, magnesium oxide and boron nitride insulators, and inconel-600 sheath.
Boron nitride insulator is used only in the central part of the heated region. The diameter
of the heater rod is 10.7 mm and the rod pitch is 14.3 mm, which are identical to the
corresponding dimensions of actual PWR fuel rods. The heater rods are heated
electrically. The heated length is 3.66 m as in actual PWRs. The cosine profile of the
axial power is simulated by varying the helical pitch of the heating element as a 17 steps

chopped cosine axial power profile.
2.2 Slab core test facility

Figure 2.2.1 shows schematics of the SCTF. The primary coolant loops consists of
a hot leg equivalent to four hot legs, a steam-water separator comesponding to steam
generator inlet .plenum, an intact cold leg equivalent to three intact cold legs, a broken
cold leg of pressure vesscl side and a broken cold leg of steam-water separator side.
These two broken cold legs are connected to two containment tanks of which pressure is
controlled by exhausting steam to the atmosphere. The flow area scaling of primary loops
is 1/21.4 to a 1100 MWe PWR.

The SCTF has a full-height, full-radius and one-bundle-width core in the pressure
vessel. Figure 2.2.2 shows the vertical cross section of the pressurc vessel of the SCTF.
The pressure vessel includes a simulated core, an upper plenum, a lower plenum, a core
baffle and a downcomer. The simulated core consists of eight bundles arranged in a row,
simulating a radial slab extracted from a PWR core with full height, full radius and one
bundle width. In Fig. 2.2.2, Bundle 1 correspond to the central bundle and Bundle 8 to
the peripheral bundle in an actual PWR core, respectively. Each bundle consists of 234
heater rods and 22 non-heated rods amanged in 16 x 16 array. Figure 2.2.3 shows
configuration of heater rods of the SCTF. The pitch, the outer diameter and the heated
length of heater rods are 14.4 mm, 10.7 mm and 3.66 m, respectively. These dimensions
are identical to those of 15 x 15 type fuel assembly in a Westinghouse PWR. Each
“heater rod has a seventeen step chopped cosine axial power profile with a peaking factor
of 1.40. The core and upper plenum are enveloped by honeycomb thermal insulators to

minimize the wall thermal effect.
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3 Code and Model Description
3.1 TRAC input for CCTF calculation

Figure 3.1.1 shows TRAC input schematics for the CCTF calculations. Only the core
and part of the upper plenum of the CCTF is modeled using the VESSEL component of
the TRAC-PF1 code. In the model, the core part comesponds to levels between second
and eighth. As boundary conditions, measured core inlet mass flow rate and fluid
temperature are input using a FILL component and measured core outlet pressure is input
using a BREAK component of the TRAC-PF1 code. The core power supplied to the
heater tods is also input using the measured results.

Figure 3.1.2 shows axial power profile of heater rod for the CCTF. Although 17-
step chopped cosine power profile is used in the CCTF tests, the power profile is
approximated by the linear curves in the TRAC calculation, as shown in Fig. 3.1.2. The
approximated profile shows excellent agreement with those of the CCTF. In the CCTF,
the radial power profile is not uniform, as described in section 2.1. However, the core
part is modeled by single cell per level because the fluid mixing in the radial direction
is rapid enough to be treated by the onc—dimensional model®™*? and the TRAC-PF1 code
showed no significant dependency on the number of fluid cells per level in the preliminary
calculation for a CCTF test. The power and initial temperature for heater rods in high
and low power regions were set identical to measured using the additive heater rod

capability of the TRAC-PF1 code.

3.2 TRAC input for SCTF calculation

Figure 3.2.1 shows TRAC input schematics of SCTF calculation. As in the CCTF
calculations, only the core and part of the upper plenum are modeled with a VESSEL
component, The core inlet mass flow rate and fluid temperature are specified with a FILL
component of the TRAC-PF1 code using measured results, The core outlet pressure is
input with a BREAK component of the TRAC-PF1 code. The core power is input in
terms of time using measured result.

Figure 3.2.2 shows axial power profile in the SCTF. The assumed axial power
profile in the TRAC calculation shows excellent agrecment with that of the SCTF.
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3.3 Test conditions

Table 3.3.1 summarizes major test conditions of selected CCTF tests for the
assessment of the TRAC-PF1 code. The base case test (Run 62)® is a reference test for
parameter effect tests in the CCTF-II test serics. Test conditions of the base case test
was determined based on the reactor safety assessment calculations of PWRs with so
called evaluation model. In these tests, the parameter effect of system pressure and the
core power level can be studied. The system pressure in the base case test is 0.20 MPa.
In the high and low pressure tests,” the system pressures are 0.42 and 0.15 MPa,
respectively. The core power in the base case test was determined to simulate the decay
curve type of (ANS x 1.2 + actinide x 1.1(30 s after scram)). The core power of the low
power test® was determined to simulate the decay curve type of (ANS x 1.0 + actinide
x 1.1(40 s after scram). On the contrary, test conditions of the best—cstimate test® was
determined based on a TRAC calculation for a PWR by Los Alamos. In the TRAC
calculation, good core cooling was predicted in the blowdown and refill periods and
resulted in the low clad temperature at reflood initiation. To assess predictive capability
of the TRAC-PF1 code under a wide range of test conditions, the assessment calculation

for the best—estimate test is also included in this study.
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Table 3.3.1 Major test conditions
Peak clad System Core Radial peaking
Test name temperature pressure | power factor
(K) (MPa) | (MW) -)
CCTF basc case test® 1073 020 | 935 1.37
CCTF high pressure test”] 1073 042 | 935 1.37
CCTF low pressure test” | . 1073 0.15 | 935 1.37
CCTF low power test® 1073 0.20 7.12 1.37
CCTF best estimate test® 580 030 | 7.12 1.00
SCTF flat power test!® 922 020 | 7.12 1.00
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4 Results and Discussion

4.1 Assessment for CCTF base case test

4.1.1 Hydraulic behavior in core

Figure 4.1.1 illustrates a overall mass balance at core in the CCTF base case test.
The inlet mass flow indicates the integrated value of the core inlet mass flow rate with
respect to time from reflood initiation. The core mass indicates the total mass
accumulated in the core. The outlet mass flow indicates the integrated value of steam or
water mass flow rate at core outlet.

In this calculation, the core inlet mass flow rate is specified by a FILL component
as a boundary condition, thus the TRAC result shows excellent agreement with measured
one. The core mass is underestimated by about 200 kg in the TRAC calculation. The
calculated steam mass flow at core outlet is lower than the measured one, while the
calculated water mass flow is higher than the measured one. In the TRAC calculation for
the CCTF base case test, the water carry—over from core to upper plenum is
overestimated. _

Figure 4.1.2 shows comparisons of void fractions at various elevations of core. The
test results were inferred to differential pressure data assuming no friction and acceleration
losses. The effect of the friction and acceleration losses were cstimated to be less than
5 % of total pressure loss in the CCTF tests."”? The void fractions from TRAC were
calculated by averaging with a weight of cell length to match the elevation for measured
results.

The calculated void fraction is higher than the measured one at the lower part of the
core. At elevation between 0.61 and 1.83 m, TRAC results show almost constant void
fraction of 0.75 regardless of the elevation, while CCTF results show higher void fraction
as the elevation. In the upper part of the core (above 2.44 m), the calculated result is
nearly equal to unity, while CCTF results show void fraction between 0.8 and 0.95.

Figure 4.1.3 shows calculated void fraction at each cell. In the TRAC-PF1/MOD1
code, a special model, named interface sharpener model, is used when a void fraction at
lower cell is less than 0.3 and a void fraction at upper cell is higher than 0.75.9) If the

interface sharpener model is used, the flux terms for mass, momentum and energy transfer
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through the cell interface is modified assuming that a dispersed flow is established in the
upper part of the cell and that a bubbly flow with void fraction of 0.2 is established in
the lower part of the cell. Although the interface sharpener model was used in the system
calculation for the CCTF base case test,” it scems that the interface sharpener model was
not used in this calculation because there is no cell boundary where a void fraction at
lower cell is less than 0.3 and a void fraction at upper cell is higher than 0.75.

The accumulated mass in a cell is nearly proportional to (1-a) where @ indicates
the void fraction. As shown in Fig. 4.1.2, the TRAC-PF1 code predicted higher void
fraction in the lower part of the core than measured results. In other words, accumulated
mass is underestimated in the lower part of the core. The underestimation of the core
mass is caused by the overestimation of the void fraction in the lower part of the core.

- Figure 4.1.4 shows water and steam mass flow rates at core outlet. The calculated
water mass flow rate shows many spikes. The result shows that the water carry—over
occurred intermittently in the TRAC calculation. Figure 4.1.5 shows calculated water and
steam mass flow rates and void fraction at the cell next to the core outlet between 100
and 150 s. Each number in Fig. 4.1.4 indicates a timing that the water mass flow rate
shows a peak value. When the water mass flow rate shows a peak value, both steam

mass flow rate and void fraction show peak values.
4.1.2 Thermal behavior in core

Figure 4.1.6 shows comparisons of clad temperature at various elevations along a
high power rod. Although the calculated clad temperatures show several peaks, which are
not clear in the measured results, they show fairly good agreement with measured results
at various elevations. Figure 4.1.7 shows comparisons of turnaround temperature and time
along a high power rod. In the lower part of the core, TRAC results show excellent
agreement with measured results. In the upper part of the core, TRAC results show
slightly lower turnaround temperature and slightly later turnaround time. Figure 4.1.8
shows a comparison of quench time along a high power rod. TRAC results show good
agreement with measured results. The TRAC-PF1 code predicted turnaround time,
turnaround temperature and quench time along a high power rod fairly good.

Figure 4.1.9 shows heat transfer coefficient and clad temperature at elevation of 1.83

m along a high power rod. In the TRAC code, the wall heat transfer coefficients h, and
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h, are defined as follows:

q, = h, (T, - T, ), (41D

q=h (T, -T), (4.12)
where

h, : wall heat transfer coefficient of vapor side (W/m*K),

h, : wall heat transfer coefficient of liquid side (W/m?°K),

q, : wall heat flux of vapor side (W/m?),

aQ wall heat flux of liquid side (W/m?),

T, : vapor temperature (K),

T, : lquid temperature (K),

Ty : wall temperature (K).

On the other hand, the total heat transfer coefficient is evaluated in the CCTF tests:

g =9, t q
=h (T, - T, ) (4.13)
where
h  : wall heat transfer coefficient (W/m°K),
g, : total wall heat flux (W/m?),

T,

sat

To compare with measured rtesult, calculated heat transfer coefficients were modified by

saturation temperature (K).

hy =h, (T, - T, (T — Teu ) 4.14)
B =h (T, - T T, - Tu ) @.15)

The TRAC result shown in Fig. 4.1.9 corresponds to ( h,” + b ). The calculated result
is higher than the measured one in most of the period before quench occurred. At about
30 and 75 s, the calculated result shows low heat transfer coefficient for about 10 s. In
these periods, the void fraction became nearly unity at the cell that covers between 1.525

and 2.135 m, as shown in Fig. 4.1.13. It is supposed that the increase of the void
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fraction resulted in the decrease of the heat transfer coefficient and in the increase of the
clad surface temperature. Figure 4.1.10 summarizes heat transfer at elevation of 1.83 m
in the TRAC calculation. Both steam and water temperatures are not so superheated and
the change of heat flux is mainly determined by the change in heat transfer coefficient.
The liquid side heat transfer coefficient is decreased at about 30 and 75 s, while the vapor
side is not decreased so much. It is considered that the-decrease of the heat transfer
coefficient at about 30 and 75 s is occurred by the reduction of the heat transfer

coefficient of liquid side because of increase of the void fraction at these times.

4.1.3 Discussion on interfacial friction model

In the TRAC calculation, the following features were observed, as described in the

previous section:

(1) The void fraction is overestimated at the lower part of the core.

(2) The void fraction shows mnearly constant regardless of the elevation at
the center part of the core.

(3) The void fraction is nearly equal to unity at the top part of the core.

These void fraction profiles are determined by the interfacial friction model of the
TRAC code. Thus, the characteristics of the interfacial friction model of the TRAC code
will be discussed in this section. The outline of the interfacial friction model of the
TRAC-PF1 code is described in Appendix A.

Because the transient is relatively slow during the reflood, it is assumed that the
transient effect can be neglected. It is also assumed that the acceleration loss can be

neglected. In such a case, the equations of motion for vapor and liquid can be simplified

as follows;
a dP/dx = Ci(V,~V) | V-V, - Cw, v, IV, | - a opg, (4.1.6)
(1-a)P/dx = Ci(V-V) | V-V,| - Cw, V| V| - (I-a)ppg, (4.17)
where
~ Ci : interfacial friction coefficient (kg/m®),
Cw, : wall friction coefficient of vapor side (kg/m®),

4

Cw, : wall friction coefficient of liquid side (kg/m°),
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acceleration due to gravity (m/s%),

g
P pressure (Pa),
v, vapor velocity {m/s),
Vv, liquid velocity (m/s),
X coordinate (m),
a void fraction (-),

; @ vapor density (kg/m®),
0, : liquid density (kg/m®).

One can get equations from Egs. (4.1.6) and (4.1.7), given by

dP/dx = - {a p +(1-a)p} -Cw,V, |V, | -CwV, | Vv, [, (4.1.8)
and
Ci(V,-V) | V-V, | = a(l-a)o-0)g - Cw(1-a)v, | Vv, |
+ CwaVv,lvl|. (4.19)

Equation (4.1.9) is rewritten as follows:

Fi = Fg + Fw, | (4.110)
where

Fi = Ci(V,-V) | V-V I, @1.11)

Fg = a(l-a)(0-0,)g 4112

Fw = -Cw(1-a)V, | V. [+ CwaV, |V, |. (4.113)

Equation (4.1.8) indicates that the pressure gradient is the summation of the static
water head and the wall friction loss. Equation (4.1.10) indicates that the interfacial

frictional force balances with the summation of the gravity force and the wall friction
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force.
The void fraction at steady state was calculated with Eq. (4.1.10) using the interfacial

friction model and the wall friction model in the TRAC code. Figure 4.1.11 illustrates
the calculated void fraction, Fi, Fg and Fw. Although the wall friction force is included
in the cvaluation, it is very small compared to the interfacial and gravity forces. The void
fraction is determined mainly by the balance between interfacial and gravity forces. The
void fraction increases sharply at flow quality between 0 and 0.1. The void fraction is
almost constant at flow quality between 0.1 and 0.6. The void fraction increases gradually
at flow quality between 0.6 and 1.0.

Figure 4.1.12 shows Fi,Fw and Fg at flow conditions m, = 1,2,3, and 4 kg/s and mg
= 5 kg/s, where m, and m; indicate vapor and total mass flow rates, respectively. In the
calculation for Fig. 4.1.12, the void fraction is used as a parameter. The points A}, Ay,
A, and A, in Fig. 4.1.12, where Fi is equal to (Fw+Fg), are the points where three forces
balance at steady state under each flow condition. The interfacial friction force decreases
very sharply with void fraction near 0.75 where a flow transition from the chum flow to
the annular/dispersed flow is assumed in the TRAC code (see Appendix A). This feature
causes the void fraction to be nearly equal to 0.75 regardless of flow quality in the range
between 0.1 and 0.6. The tendency that the void fraction at the center part of the core
is nearly constant at 0.75 in the TRAC results is caused by the characteristics of the
interfacial friction model mear the flow transition point from the chum flow to the
annular/dispersed flow.

Figure 4.1.13 shows a comparison of evaluated void fractions with the TRAC
interfacial friction model, Murao-Iguchi void fraction correlation”® and EPRI drift—flux
comrelation®™. The Murao—Iguchi void fraction correlation has already been confirmed to
agree with CCTF result excellently."? The TRAC model overestimates void fraction at
low quality range. This fact explains the overestimation of the void fraction of the TRAC
calculation at lower part of the core where flow quality is low. Figure 4.1.14 suggest that
the interfacial frictional force is overestimated at low flow quality where the bubbly/slug
flow regimes are used in the TRAC-PF1 code (sec Appendix A). It is recommended to
review the applicability of the interfacial friction model in the bubbly/slug flow regimes
‘to the analyses of the reflood phenomena in PWR.

As a possible improvement of the TRAC interfacial friction model, the use of the

EPRI drift—flux correlation is proposed by Los Alamos National Laboratory. Although the
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EPRI drift-flux correlation overestimates the void fraction at the lower quality range
slightly, the difference from the Murao-Iguchi void fraction correlation is smaller than the
TRAC original model, as shown in Fig. 4.1.14. It is expected that the evaluation error
is reduced by the use of the EPRI drift-flux correlation for the core void fraction in the
analyses of the CCTF tests.

Another problem observed in the TRAC results is many spikes in water mass flow
rate at core exit, as shown in Figs. 4.1.4 and 4.1.5. Figure 4.1.15 shows effect of total
mass flow rate on void fraction in the TRAC model. The point, where the void fraction
departs from (.75, moves to the low quality as the total mass flow rate increases. In the
flow quality range around 0.5, a small change in the total mass flow rate can cause a big
change in the void fraction. It is supposed that the spiky water mass flow rate transient
is caused by the strong dependency of the void fraction on the total mass flow rate. In
the transient calculation, the total mass flow rate fluctuates. Once the total or water mass
flow rate is increased, the void fraction in a cell is also increased as shown in Fig. 4.1.14.
This means that the accumulated mass in the cell should be carmried out of the cell. Then,
the carried water to the adjacent cell causes the total or water mass flow rate to be
increased at the adjacent cell. In such a way, the increase in the total or water mass flow
rate propagates cell to cell. The effect of the increase in the total or water mass flow rate
is amplified in the upper cell because the increase in the lower cell is added cell by cell.
Such a behavior seems to be generated by the characteristics of the interfacial friction
model near the flow transition point from the churn flow to the annular/dispersed flow.
If an interfacial friction model that predicts void fraction insensitive to the total mass flow
rate, spikes in water mass flow rates may be mitigated. It is recommended to review the
interfacial friction model near the flow transition point from the chumn flow to the

annular/dispersed flow for the mitigation of spikes in water mass flow rate transients.
41.4 Discussion on wall heat transfer model

The TRAC-PF1 code predicted turnaround time, turnaround temperature and quench
time along a high power rod fairly good, as shown in Figs. 4.1.6 through 4.1.8. In this
section, it will be discussed why such a good agreement is attained with the TRAC-PF1

code in the prediction of clad temperature transients.

In the TRAC-PF1 code, various correlations are used to calculate wall heat transfer
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coefficients along heater rods.”” The outline of the wall heat transfer model of the
TRAC-PF1 code is described in Appendix A.

In the analyses of the CCTF and SCTF tests with the TRAC—PFI code, the most
important wall heat transfer regime was the film boiling regime to ¢valuate the core
cooling rate before heater rods were quenched. The TRAC-PF1 code calculated the
minimum film-boiling, temperature T, at first to determine the wall heat transfer regime
with Eq. (A.23) in Appendix A. T, was calculated to be about 610 K under typical
condition in the analyses of the CCTF and SCTF tests. The clad or wall temperature was
higher than 610 K before heater rods were quenched in the CCTF and SCTF tests except
the CCTF best-estimate test. Thus, the film boiling regime was selected in most of the
CCTF and SCTF test analyses although the film boiling was not selected in the anafyses
of the CCTF best—estimate test because of low initial clad temperature. The discussion
for the CCTF best—estimate test with low initial clad temperature will be presented in
section 4.4 separately and discussions for the other CCTF and SCTF tests will be
presented in the followings.

In the film boiling regime, the TRAC-PF1 code calculates wall heat transfer
coefficients of liquid and vapor sides with corrclations shown in Appendix A as Egs.
(A.27) through (A.41). In the correlations, hydraulic parameters such as void fraction @,
liquid and vapor velocities, are used. Although the TRAC-PF1 code predicted clad
temperature transients fairly good, it failed to predict the void fraction with good
agreement in quantity. This fact suggests a problem of the wall heat transfer model of
the TRAC-PF1 code that the good agreement in the clad temperature transients is attained
as a result of the compensation of errors in the void fraction calculation by errors in the
wall heat transfer calculation.

In order to confirm the problem in the wall heat transfer model of the TRAC-PF1
code, an evaluation was made. In the evaluation, wall heat transfer coefficients were
calculated using measured data of void fraction, fluid and wall temperatures, liquid and
vapor velocities in order to assess the wall heat transfer model separately. The physical
properties of fluid and wall were calculated with the subroutines that was used in the
TRAC calculation.

Figure 4.1.15 shows a comparison of wall heat transfer coefficients among measured

and evaluated results with the TRAC-PF1 model and the Murao-Sugimoto correlation.

The Murao-Sugimoto correlation® is given by
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h = hyy + bpg (4.114)
where
hcon = 0‘94{(kg3pg'olhfgg)/(Lqug(Tw_TsaL)}lm(l_a)3m3 (4‘115)
hmd =0 SB € (1‘- a )lfz(Tw‘ifTsaldf)/ (Tw_Tsal) * (41'16)
g : acceleration due to gravity, ( mys® )
hy, latent heat for evaporation, ( J/kg )
k, thermal conductivity of vapor, ( J/(Kms) )
L, distance from quench front, { m )
T saturation temperature, ( K )
T, : wall temperature, ( K }
a void fraction,
e ¢ wall emissivity,
. viscosity, ( kg/(ms) )
0, : liquid density, ( kg/m® )
., vapor density, ( kg/m® )
0 g Stefan-Boltzmann constant, ( J/(m*K%) ).

The calculated result with the TRAC-PF1 model is about three times of the measured
one. It is mecessary to improve the wall heat transfer model in the film boiling regime
as well as the hydraulic model.

The Murao-Sugimoto correlation gives excellent agreement with the measured one.
One of the major differences between the TRAC-PF1 model and the Murao-Sugimoto
correlation is the characteristic length used in the convection term. The Murao—Sugimoto
correlation uses the distance from the quench front L, while the TRAC-PF1 meodel uses
the wave length A given by Eq. (A.30) in Appendix A. Figure 4.1.15 suggests that the
dependence on the distance from the quench front should be considered in the film-boiling

heat transfer model during the reflood in a PWR LOCA.
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4.2 Assessment for CCTF pressure effect tests

In this section, the predictive capability of the TRAC code for the system pressure
effect will be discussed through comparisons between CCTF low and high pressure tests.

4.2.1 Comparison of boundary condition

Figures 4.2.1 through 4.2.6 show comparisons of boundary conditions. In the low
and high pressure tests, the containment pressure was kept constant at 0.15 and (.42 MPa,
respectively. The pressures at upper plenum are about 0.22 MPa and 0.45 MPa during
tests in low and high pressure tests, respectively, as shown in Fig. 4.2.1. The core power
is the same between these two tests, as shown in Fig. 4.2.2. Although the ECC injection
conditions were the same between low and high pressure tests, the core inlet mass flow
rate was higher in the high pressure test than in the low pressure test, as shown in Figs.
4.2.3 and 4.2.4. The core inlet fluid temperature is higher in the high pressure test than
in the low pressure test although the core inlet subcooling is slightly lower in the high

pressure test than in the low pressure test, as shown in Figs. 4.2.5 and 4.2.6.

4.2.2 Pressure effect on core hydraulic behavior

Figures 4.2.7 through 4.2.10 show system pressure effect on overall mass balance at

core. In CCTF test results, the following tendencies can be observed:

(1) The core inlet mass flow increases as system pressure increases.

(2) The core mass increases as system pressure increases.

(3) The steam mass flow at core outlet increases as system pressure increases.
(4) The water mass flow at core outlet increases as sy_stern pressure increases.

Fof the core inlet mass flow rate, an excellent agreement was obtained because the
core inlet mass flow rate was one of input data in these TRAC calculations.

For the core mass, the calculated core mass increases with system pressure in TRAC
calculations as observed in CCTF test results. The TRAC code predicted well the system
pressure cffect on the core mass qualitatively. However, the calculated core mass is about
half of measured result in both low and high pressure tests quantitatively. Figure 4.2.8
suggests a problem for a water accumulation model in the TRAC code as mentioned for

the CCTF base case test.
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For steam and water mass flows at core outlet, the TRAC code predicted well the
system pressure effect on these mass flows. In the Jow pressure test, the steam mass flow
was underpredicted and the water mass flow was overprcdictéd by the TRAC code as in
the calculation of the CCTF base case test. In the high pressure test, good agreement
with measured results was obtained by the TRAC code.

Figure 4.2.11 shows comparisons of void fraction at various elevations in core. The
void fraction is overestimated at the lower part of the core. The void fraction shows
nearly constant regardless of elevation at the center part of the core. The void fraction
is nearly equal to unity in the upper part of the core before it goes down to 0.75. These
tendencies are similar to those observed in the analysis of the CCTF base case test.

These comparisons can be summarized as follows:

(1) The TRAC code predicted system pressure effect on overall mass balance through
core qualitatively under the condition where the core inlet mass flow rate and inlet
fluid temperature arc specified as input data.

(2) The core mass was underestimated in both low and high pressure tests as in the base
case test which was performed with a containment pressure of 0.20 MPa. The water

accumulation model should be reviewed at pressure range including 0.15 through 0.42

MPa.
4.2.3 Pressure effect on core thermal behavior

Figure 4.2.12 shows clad temperature at elevation of 1.83 m along a high power rod
in low and high pressure tests. The high pressure resulted in low turnaround temperature
and fast quench in both CCTF tests and TRAC calculations. Figure 4.2.13 shows heat
transfer coefficient at elevation of 1.83 m along a high power rod. The high pressure
resulted in the high heat transfer coefficient in both CCTF tests and TRAC calculations.
The TRAC calculations show low heat transfer coefficient at about 150 s in the high
pressure test or at about 250 s in the low pressure test. As shown in Fig. 4.2.11, the
void fraction is increased in the TRAC calculation when these low heat transfer
coefficients are predicted. Figure 4.2.14 shows a comparison of quench envelope along
a high power rod in low and high pressure tests. The cffect of the system pressure on
the quench front propagation was predicted well by the TRAC code. The TRAC code

predicted well the system pressure effect on the core cooling behavior.
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4.3 Assessment for CCTF power level effect tests

In this section, the predictive capability of the TRAC code for the power level effect
will be discussed through comparisons between the CCTF low power test and the CCTF

base case test.
4.3.1 Comparisons of boundary conditions

Figures 4.3.1 through 4.3.6 show comparisons of boundary conditions. The CCTF
low power test was performed under the same test conditions as the CCTF base case test
except the core power. The total power is 7.12 MW in the low power test at the reflood
initiation and it is 9.35 MW in the CCTF base case test. These total powers correspond
to core average linecar powers of 1.067 kW/m and 1.40 kW/m, respectively. The power
decay curve .type is (ANS x 1.0 + 1.1 x Actinide(40 s after scram)) in the low power test,
while it is (ANS x 1.2 + 1.1 x Actinide (30 s after scram)) in the base case test. The
total power in the low power test is about 76 % of the power in the base case test, as
shown in Fig. 4.3.1.

Although the containment pressure was set at 0.20 MPa in both tests, the core outlet
prossure of the CCTF base case test is slightly higher than that of the CCTF low power
test, as shown in Fig. 4.3.2. The core inlet mass flow rate and core inlet mass flow of
the low power test are slightly higher than those of the base case test, as shown in Figs.
4.3.3 and 4.3.4. The core inlet fluid temperature is almost the same between both tests,
as shown in Fig. 4.3.5. The core inlet subcooling of the low power test is slightly lower

than that of the base case test, as shown in Fig. 4.3.6.
4.3.2 Power level effect on core hydraulic behavior

Figures 4.3.7 through 4.3.10 show power level effect on overall mass balance at core.
In the CCTF tests, following tendencies can be observed:
(1) The core inlet mass flow decreases slightly as the core power increases in the later
period of the reflood.
(2) The corc mass decreases slightly as the core power increases.
(3) The steam mass flow at core outlet increases as the core power increases.

(4) The water mass flow at core outlet decreases as the core power increases.
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For the corc inlet mass flow, an excellent agreement was obtained becausc the core
inlet mass flow rate was one of input data in these TRAC calculations.

For the core mass, the calculated core mass decreased with the core power as
observed in CCTF test results. The TRAC code predicted the core power level effect on
the core mass qualitatively. However, the calculated core mass is only about a half of
the measured result in the CCTF low power test as observed in the base case test. Figure
4.3.8 shows that a problem of the water accumulation model in the TRAC code is a
common problem to a lower power level.

For steam and water mass flows at core outlet, the TRAC code predicted qualitatively
the effect of the core power level on these mass flows. In the low power test, the steam
mass flow at core outlet is slightly underestimated and the water mass flow at core outlet
is slightly overpredicted, as in the analysis of the CCTF base case test.

Figure 4.3.11 shows comparisons of void fractions at various elevations in core. In
the low power test, the void fraction is overestimated in the lower part of the core and
it is nearly constant regardless of the elevation in the center part of the core as observed
for the CCTF base case test. The void fraction is nearly equal to unity in the upper part
of the core before the quench front reach the cell as observed for the CCTF base case
test.

These comparisons show that the TRAC code predicted qualitatively the effect of the
core power level on the overall mass balance through the core and that the core mass was

underpredicted even in the low power case in quantity.
4.3.3 Power level effect on core thermal behavior

Figure 4.3.12 shows clad temperature at clevation of 1.83 m along a high power rod
in the low power and the base casc tests. The low power level resulted in low turnaround
temperature and fast quench propagation in both CCTF test and TRAC calculation. The
low power level resulted in the high heat transfer coefficient as shown in Fig. 4.3.13 in
CCTF test and TRAC calculation. Figure 4.3.14 shows a comparison of quench envelope
along a high power rod between the low power test and the base case test. The effect
of the core power level on the quench front propagation is predicted excellently by the
TRAC code. The TRAC code predicted excellently the core power level effect on clad

temperature histories.
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4.4 Assessment for CCTF best estimate test

Figure 4.4.1 shows a core power history in the CCTF best—estimate test. Figure
4.4.2 shows core outlet pressure in the CCTF best-estimate test. The best—estimate test
was performed at lower power level and higher system pressure than the CCTF base case
test.

Figure 4.4.3 shows the core inlet mass flow rate in the CCTF best-estimate test.
In the CCTF best-estimate test, oscillatory core inlet mass flow rate was observed due to
the system effect.”” In the TRAC calculation, the core inlet mass flow rate and core inlet
fluid temperature were specified by a FILL component with measured results. However,
the calculated fluid temperature was higher than measured result when the core inlet mass
flow rate is negative, as shown in Fig. 4.4.4. When the core inlet mass flow rate is
negative, the fluid temperature at the core inlet is determined by the fluid temperature at
the bottom part of the core not by the fluid temperature specified by the FILL component.

Another important boundary condition of the CCTF best-estimate test is clad
temperatures at reflood initiation. The peak clad temperature at reflood initiation is about
600 K in the CCTF best-estimate test, as shown in Fig. 4.4.5. At the pressure of 0.3
MPa, the transition temperature between the transition boiling regime and the film boiling
regime was calculated to be 610 K with the correlation used in the TRAC code (see Eq.
(A.23) in Appendix A). The peak clad temperature at reflood initiation is lower than the
transition temperature from the film boiling regime to the transition boiling in the TRAC
calculation.

Figure 4.4.6 shows core mass in the CCTF best—estimate test. The calculated core
mass is lower by about 150 kg Ithan measured result. Figure 4.4.7 show void fractions
at various elevations of the core. The void fraction in the lower part of the core is
overpredicted by the TRAC code. The constant void fraction about 0.75 is frequently
calculated in the center part of the core. These results in the CCTF best-estimate test are
similar to those in the CCTF base case test although the flow conditions are quite
different.

Figure 4.4.8 shows comparisons of clad temperatures for the CCTF best—estimate test
between measured and calculated results. Quick quench was calculated by the TRAC code
at various clevations compared to measured results. Figure 4.4.9 illustrates heat transfer

regimes in the TRAC calculation. The transition boiling or the nucleate boiling regimes
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are selected in the TRAC calculation at various elevations. Thus, high heat transfer
coefficients was calculated and caused quick quench at various elevations in the TRAC
calculation.

Figure 4.4.10 illustrates boiling curve and quench behavior. For the boiling transition
from film boiling to transition boiling, two limit temperatures are well known; one is
homogeneous nucleation temperature and the other is minimum film boiling temperature.
In the TRAC code, only the homogeneous nucleation temperature is modeled as a
transition temperature between the film boiling and the transition boiling. The transition
temperature was calculated to be about 610 K with the correlation in the TRAC code.
Because of low clad temperature in the CCTF best estimate test, the quick quench was
calculated by the TRAC code. On the other hand, low heat transfer coefficient was
observed in the CCTF test for about .100 s as shown in Fig. 4.4.8. The clad temperature
at reflood initiation of the CCTF best-cstimate test is considered to be between the
homogeneous nucleation and the minimum film boiling temperature as illustrated point B
in Fig. 4.4.10. It is recommended to model two transition temperatures for - boiling

transition between film boiling and transition boiling regimes.
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4.5 Assessment for SCTF flat power test

Figure 4.5.1 shows the core power history in the SCTF flat power test. Figure 4.5.2
shows the core outlet pressurc in the SCTF flat power test. The SCTF flat power test
was performed at the same power fevel and pressure as the CCTF low power test.
Figures 4.5.3 and 4.5.4 show the core inlet mass flow rate and fluid temperature in the
SCTF flat power test. The core inlet mass flow rate of the SCTF flat power test is
slightly higher than that of the CCTF low power test.

Figure 4.5.5 shows comparisons of core void fractions at various elevations in the
SCTF flat power test. The test results were inferred to differential pressure data assuming
no friction and acceleration losses. The void fractions from the TRAC calculation were
calculated by averaging with a weight of cell length to match the elevation for measured
results.

The calculated void fraction is higher than the measured one at the lower part of the
core(below 1.365 m). At elevation between 0.70 and 1.365 m, TRAC result shows almost
constant void fraction after 20 s. In the center part and the top part of the core(above
1.365 m), TRAC results tend to approach the void fraction of 0.75 with time. In the top
part of the core( between 2.695 and 3.235 m ), the void fraction drops to about 0.90 right
after the reflood initiation in the measured result, while it is almost umity in the TRAC
calculation by about 200 s. Although the core configuration of the SCTF is different from
that of the CCTF, similar differences between measured and calculated results were
observed.

Figure 4.5.6 shows clad temperaturc at elevation of 1.905 m in the SCTF flat power
test. The TRAC result shows slightly lower turnaround temperature and faster quench time
than the measured result. The TRAC code predicted higher heat transfer coefficient than
the measured result as shown in Fig. 4.5.7. Then, the TRAC code predicted faster quench

propagation than the measured result as shown in Fig. 4.5.8.
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4.6 Run statistics

Table 4.6.1 summarizes run statistics of this assessment study. All calculations were
performed with the FACOM M-780 computer at JAERI. The plots of time step size and
total CPU time are included in Appendix A.

Table 4.6.1  Run statistics

Test name Transient | Total CPU| Total time CPU/RT CPU/ST{ RT/ST

time (s) | time (s) | step No. (-) (ms) (ms)
RT CPU ST '

CCTF base 700.2 3843.6 44306 5.46 86.8 15.80

case test

CCTF high 500.2 1678.6 20419 3.36 82.2 24.50

pressurc test

CCTF low 800.0 4897.7 57600 6.12 85.0 13.89

pressure test

CCTF low 700.0 3161.3 37804 4.52 83.6 18.52

power test

CCTF best 300.0 358.8 12631 1.196 284 23.80

estimate test

SCTF flat 700.0 1032.4 29362 1.475 35.2 23.80

power test '
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5 (Conclusions and Recommendations

Post test calculations for six selected CCTF and SCTF tests were performed to assess
the core thermal hydraulic models of the TRAC-PF1 code for reflood phenomena in a
PWR LOCA. Major results from the present study can be summarized as follows:

The TRAC-PF1 code predicted void fraction and core mass showed poor agreement
with measured results in all six selected tests. The TRAC-PF1 code predicted many
spikes in water mass flow rates inside the core, which was not significant in the CCTF
and SCTF tests. These discrepancies from measured results were mainly caused by the
problems in the interfacial friction model of the code. It is recommended to improve the
interfacial friction mode! in the bubbly/slug flow regimes and in the vicinity of the flow
transition point from the chum flow to the annular/dispersed flow regimes in order to
improve the accuracy of the void fraction prediction in the lower part of the core and
stabilize the calculation of the water mass flow rate inside the core.

The TRAC-PF1 code predicted well turnaround time, turnaround temperature and
quench time including parameter effect of system pressure and core power level.
However, good agreement in clad temperature transients with the TRAC-PF1 code was
obtained duc to the compensation of errors in hydraulic and wall-heat—transfer models.
It is recommended to improve the wall heat transfer model in the film boiling regime
including the dependency of the wall heat transfer coefficient on the distance from the
quench front.

The TRAC-PF1 code over—predicted core cooling rate in the CCTF best—estimate
test, which was performed with low initial clad temperature. The over-prediction of the
core cooling rate in the CCTF best-estimate test was caused by the error in the boiling
transition at low initial clad temperature from the film boiling to the transition boiling
regimes. It is recommended to improve the criteria for the boiling transition at low initial

clad temperature.
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5 (Conclusions and Recommendations

Post test calculations for six selected CCTF and SCTF tests were performed to assess
the core thermal hydraulic models of the TRAC-PF1 code for reflood phenomena in a
PWR LOCA. Major results from the present study can be summarized as follows:

The TRAC-PF1 code predicted void fraction and core mass showed poor agreement
with measured results in all six selected tests. The TRAC-PF1 code predicted many
spikes in water mass flow rates inside the core, which was not significant in the CCTF
and SCTF tests. These discrepancies from measured results were mainly caused by the
problems in the interfacial friction model of the code. It is recommended to improve the
interfacial friction model in the bubbly/slug flow regimes and in the vicinity of the flow
transition point from the churn flow to the annular/dispersed flow regimes in order to
mmprove the accuracy of the void fraction prediction in the lower part of the core and
stabilize the calculation of the water mass flow rate inside the core.

The TRAC-PF1 code predicted well turnaround time, turnaround temperature and
quench time including parameter effect of system pressure and core power level.
However, good agreement in clad temperature transients with the TRAC-PF1 code was
obtained due to the compensation of errors in hydraulic and wall-heat—transfer models.
It is recommended to improve the wall heat transfer model in the fitm boiling regime
including the dependency of the wall heat transfer coefficient on the distance from the
quench front.

The TRAC-PF1 code over—predicted core cooling rate in the CCTF best—estimate
test, which was performed with low initial clad temperature. The over—prediction of the
core cooling rate in the CCTF best—estimate test was caused by the error in the boiling
transition at low initial clad temperature from the film boiling to the transition boiling

regimes. It is recommended to improve the criteria for the boiling transition at low initial

clad temperature.
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Appendix A

Outline of interfacial friction model and

wall heat transfer model of TRAC-PF1 Code
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In the TRAC-PF1/MOD1 code, various correlations are used to calculate the
interfacial and wall friction forces and interfacial and wall heat transfer rates to close basic
equations based on the two fluid model of the two-phase flow. These correlations are
called constitutive equations. The details of constitutive equations are described in the
references (A-1) and (A-2) published at Los Alamos National LaboratorY(LANL). The
constitutive equations were studied at JAERI based on the source listing of the TRAC-
PF1/MOD1 code. The investigated results are summarized in refefence (A-3). Because
it is too much to describe the details of the constitutive equations of the TRAC-PF1 code,
only the outline of the interfacial friction model and wall heat transfer model in the

transition and film boiling regimes will be described briefly.
A.1 Outline of Interfacial Friction Model of TRAC-PF1 Code

In the analysis of the CCTF and SCTF tests, a vertical flow without application of
the interfacial sharpener model was realized with mass velocity less than 200 kg/m®s at
the core part. In the description, shown below, several simplification will be made
focussing on the correlations used in the analysis of the CCTF and SCTF tests.

Figure A.1 shows the flow pattern map assumed in the TRAC-PF1/MODI1 code.
Bubbly, Slug and annular/dispersed flows are assumed as the basic flow patterns of the
two—phase flow. The bubbly flow is assumed when void fraction is less than (0.3. The
stug flow is assumed when void fraction is between 0.3 and 0.5. The annular/dispersed
flow is assumed when void fraction is higher than 0.75. Interpolation between slug and
annular/dispersed flows is made when void fraction is between 0.5 and 0.75. The region
where void fraction is between 0.5 and 0.75 is called as a churn flow in this appendix.
As the first step, the flow pattern of the two-phase flow is determined by the flow pattern
map shown in Fig. A.l. Then, the interfacial friction force Fi is calculated with

correlations specified for each flow pattern.
All Correlations for bubbly and slug flows

Figure A.2 illustrates flow pattern assumed for bubbly and slug flows in the TRAC-
PF1 code. The bubbly and slug flows are described by the combination of large bubbles
with diameter of D,(hydraulic diameter of flow path) and small bubbles with diameter of

D,. The interfacial friction force per unit volume is evaluated by
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Fi = Ci(V,-V) | V-V, 1 = 3G,a 0(V=V) | V-V, | /4D, -

(A1)

Equation (A.1) can be derived by multiplying number density of bubble Ny(=6a/7 D,*)

with interfacial friction force acting to a spherical bubble Fi'(=C,7 DbZD,Wg—VI)Z).

The drag coefficient for a bubble C, is calculated by

240, (Re, = 0.1031)
C, = {2401 + 0.15Re,>*™ )Rey, (0.1031 = Re, < 989)
0.44, (Reb = 989)

where
Rcb = 'OI | Vg_Vl | Dbave/ul'

The average bubble diameter D, is calculated by

Dywe = Wey(1 — X /0,1 V=V 12 + DX,
where
Xae = 3X7 - 2X7,
4 - 0.25, (G = 2000 )
X = { '

A(a - 025)exp{-(G-2000)/700}, (G = 2000 )

We, = 7.5.

Al2 Correlations for annular/dispersed flow

(A2)

(A3)

(A.4)

(A.5)

(A.6)

(A7)

Figure A.3 illustrates flow pattern assumed for the annular/dispcfscd flow in the

TRAC-PF1 code. The liquid phase is separated into droplets and liquid film on the wall.
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The interfacial friction force per unit volume is evaluated by

Fi

Cio (V,-V) | V-V | 2
where

Ci

CiE + Ci(1-E).

The interfacial friction coefficient of droplet is given by

Cid = 3Cd(1— a )/de,

where
240, (Re, = 0.1031)
C, = { 2401+ 0.15Re**®")/Re,, (0.1031 < Rey < 989)
0.44, (989 = Re)

Red = ,Og | Vg—V] I Dd/'ug'
The droplet diameter D, is calculated by

Dy = We,0/0 (V,-V), Wey = 4.0.

The interfacial friction coefficient of liquid film contribution is evaluated by

Ci,, = 0.02 {1 + 75(1 - a)t - E)} /D,

The fraction of droplet in the liquid phase .E is calculated by
E = max (A,B),

where

A=1-exp { 0.50(V,-V)/V; },

(A.8)

(A.9)

(A.10)

(A11)

AL

(A13)

(A.14)

(A15)

(A16)
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Vg = 2.33{(0,-0 YWey 0 S}, (A17)

B = 7.75 x 107 We,(ReWe)", (A18)

We, =0,(0 |V, [)2D(0 -0/ 0, | S Y

Re, = 0,(1-a) | V, I Dy 4, | : (A
A.l.3 Correlation for churn flow

The interfacial friction force for the chumn flow is calculated by interpolating the
interfacial friction force Fi, by corelations for bubbly and slug flows and interfacial

friction force Fi, by correlations for annular/dispersed flow, that is,
Fi = (1-w)Fi; + wki,, (A.21)
where

w = (da-247-8a). (A.22)

A2 Outline of Wall Heat Transfer Model of TRAC-PF1 Code

In the TRAC-PF1/MOD1 code, various correlations are used to calculate wall heat
transfer cocfficients. As the wall heat transfer regimes, eight regimes, listed below, are
assumed:

(1) forced convection to single—phase liquid,
(2) nucleate boiling,

(3) transition boiling,

(4) film boiling,

(5) convection to single phase vapor,

(6) convection to two—phase mixture,

(7) condensation, and

(8) liquid natural convection.
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At first, the wall heat transfer regime is determined through comparison among wall, fluid
and saturation temperature, void fraction, etc. Then, wall heat transfer coefficients of
vapor and liquid sides are calculated with correlations in each regimes.

In the analyses of the CCTF and SCTF tests, the most important wall heat transfer
regime was the film boiling regime to evaluate the core cooling rate before heater rod was
quenched. In the following, only the selection logic for the film boiling regime and the

correlations used in the film boiling regime will be described briefly.

A2l Condition for selection of film boiling regime

Figure A.4 shows a portion of the boiling curve assumed in the TRAC-PF1/MOD1
code. The single—phase vapor and condensation regimes are not shown in this figure.
. The film boiling regime is selected when the wall temperature T, is higher than the
minimum film-boiling temperature T .

The minimum film boiling temperature is calculated by

Toin = Ty + (Tt THR, Ax)
where

R = (k2 Cp)/(k 0cp),. (A24)

In above equations subscript | indicates liquid properties and subscript w indicates wall

properties, T, is the homogeneous—nucleation temperature and calculated by

T,, = 705.44 — 4.722x10°%(DP) + 2.3907x10~°(DP)* - 5.8193x10°(DP)’, (A.25)
where

(DP) = 3203.6 - P. (A.26)

The pressure P is in psia units, and T,, is in degree Fahrenheit.
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CA2.2 Correlations in film boiling regime

In the film-boiling heat transfer regime, radiative and dispersed—flow heat transfers
oceur between the wall surface and the liquid. Convective heat transfer occurs between

the wall surface and the vapor.

Liquid side heat transfer coefficient

The liquid side heat transfer coefficient h, is given by
hy = (b + hgy YTy = TAT, - T) + hy (A27)

where h, is the tadiative heat transfer coefficient, and hy, is the heat transfer coefficient

~due to convection, and hy is ‘the heat transfer coefficient for the dispersed flow.

The radiative heat transfer coefficient h, is given by .
hr = (1_ a ) g SB € (Tw4_Tsal4)/ (Tw-Tsal)’ - (A28)

where O g is the Stefan-Boltzmann constant(=5.6697x107°) and & is the wall emissivity.

The convective heat transfer coefficient hy, is given by

hgos (a<0.5)
Mgy = {  haeo(3-2XDX)7 (0.5< a <0.75) (A29)
0. 0.75<a)

hgy is the heat transfer coefficient by Bromiey and given by

By = 0.62 [ {0 K00 hy'e} / {#(Ty-Ta) A} 1%, (A30)
where

A =2z{0o/go-0)F, (A31)

hy = hy + 0.5Cp,(T-Ta)- (A32)
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X, is the parameter for the interpolation and given by

X, = ( 0.75-@)/0.25.

The heat transfer coefficient for the dispersed flow hy is calculated by

0, (a<0.5)

hy = {  min(hyphe)(3-2X0X% (0.5< @ <0.75)
min(hyp e, (0.75<a)

where
hy, = 02552 {(1-a)E}**"B°*(T,-T (T, ~Ty,
B = gplpghfg'kls/ | Tw_TsaI | ungrop!

Dy, = We0 /0 (V,-V)Y, We=4.0.

(A33)

(A34)

(A35)

(A36)

(A37)

The fraction of droplet in liquid phase E is calculated by Eq. (A.15) and X, is calculated

by Eq. (A.33).

Vapor side heat transfer coefficient

The vapor side heat transfer coefficient h, is calculated by
h, = max(hg,,hpp),
where
by, = 0.13 k(08 | Ty-T, | V1 T} P,
hw = (k/Dy) x 0.023Re *Pr,>,

Pr, = Cp & /K, Rep=0,{1V,l @ + |V,| (1-a)Dyx,

(A38)

(A39)

(A40)

(A41)
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Nomenclature

Cp Specific heat at constant pressure, (I/(kgK))
Dy Hydraulic diameter, ( m )

g Acceleration due to gravity, (m/s°)
G Mass velocity, ( kg/m’s )

h;, Latent heat for evaporation, (J/kg)
k, Thermal conductivity, ( J/(Ksm) )
T Temperature, { K )

A% Velocity, { m/s )

a Void fraction

M Viscosity, ( kg/ms )

0 Density, ( kg/m’ )

g Surface tension, { N/m )
Subscript

g Vapor

1 Liquid

sat Saturation

w Wall
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Appendix B - Selected Results

(1) CCTF Base Case Test (Run 62)



MASS FLOW RATE ( KG/S )

FLUID TEMPERRTURE ( K )

JAERI-M 93—-032

CCTF RUN 62 ( CORE INLET MASS FLOW RATE )

oO--(TIME (82) ~ MLONOINS1823) A~~[TINE-1 - 1B2) - WNLERIL teel)

20.0 T i 1 I
16.0- ] , S
. 10.01 4
B.0 f. L] X “ -
| Y7 Vmilf ¥
! v '
i
—-»-——-' 1 | { |
05 126 40 380 280 fno

TIME ( 8 )

Fig. B8.1.1 Core inlet mass flow rate (input)

CCTF RUN 82 ( CORE INLET FLUID TEMPERATURE )

O--{ TINE te2)] - TLOSOID1(BR)) A—{ TINE-L (821 - TACRIN (o)}

480 | L 1 1

376

| L . | .
350 5 T 240 380 T 800

"TIME ( 8 )

Fig. B.l.2 fore inlet fluid temperature (input)
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CCTF RUN 682 ( TOTAL POMWER )
@--(TINE  (B2] - RFOBOL [82)) A—(TIME-! (22) - HTOTAL (821}

10000000 , . : ,

I
7550000 § .
=
* soonono | D
[+
wl
=
[ ]
a.
esooooo |- .
% 120 240 300 00 800
TIME ( 8 )

Fig. B.1.3 Total power supplied to core (input)

CCTF RUN 62 { CORE OUTLET PRESSURE )
®--LTINE  {B2) - PROSI401(B2)) A-—(TIME-L {82) - PTOIRLR (82))

350000 l . [ r
aooco0 |- §
— .
[+ o
[+
w 250000} p
[+ 4
o
[}
n
wl
e
2~ goooca i
] 1 1 1
160000 & 120 %0 380 80 00

TIME ( 8 )

Fig. B.1l.4 Core outlet pressure (input)



JAERI-M 93—032

RUN 62 (CLAD TEMP. ALONG A HIGH POWER ROD) ELY=0.38 N
O©--(TINE (82} - R=030208(RR21] &—~(TINE-1 [62) - TESIY13 (821}

‘un I 1 I 1
® 0.300
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T .
w
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L l

_-.l
800 T T T ) o4

TIME (8

Fig. B.1.5 Clad temperature at elevation of 0.38 m

along a high power rod

RUN 62 ( HV & HL RLONG R HIGH POWER ROD ) ELV = 0.38 M

O--{ TINE (82} - FLOSDZ (BR2)) &--[TINE t82) - Fyoane (82))
+——[ TINE-1 (82) - HTE3IYLI(6Z)]

§ W — o e o OB “f
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> f
_ o | g
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=
wl
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o
100 4
(1
Ll
[ =)
|5 ] o
e ) Qe S i V—— " —a PR |
[T
/2]
=
[+ o
b=
- ! ] 1 | i
= i 104 ) 7 54 B4
ul TIME { 81

Fig. B.1l.6 Heat transfer coefficient at elevation of 0.38 m

along a high power rod



JAERI-M 93—032

RUN 62 (CLRD TEMP. RLONG R HIGH POWER ROD})} ELV=1.015 M
@-—(TINE (827 - R=0SD208(62)) A--[TINE-1 {B2] - TESIYIS {82))

1300 : , , ,
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x

ch 1m0} i
il
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x
1w

s y
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=

O P

] [ 1 |
300, T84 4 364 7] B4

TIME ( 8 )

Fig. B.l.7 Clad temperature at elevation of 1.0l5 m
along a high power rod

RUN 62 ( HV & HL ALONG A HIGH POWER ROD ) ELV = 1.016 M

O~~{ TINE (62) - FLD30Z (82)) &-—(TINE (82) - Fvol0R (B2))
+-~{ TINE-1 (62) — HTE31YLE(B2))

x
a 300 tr—5 — } e Q
a
© 1.018

< A 1.018
x
. 00 .
[
=
it
| )
[& ]
B P
= 1o
™
Ll
3]
3]
e Y "y el et e el
il -
L.
7]
-
@
[+ 4
=

1 1 1 1
e 184 284 304 ] B¢
L TIME [ 8 )

Fig. B.1.8 Heat transfer coefficient at elevation of 1.015 m

along a high power rod
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RUN 62 (CLAD TEMP. ALONG R HIGH POWER ROD) ELV=1.63 M
O--(TINE  (BR1 - Re030208(621) 4—TINE-1 (BE] - TES1Y17 (821}

laun 1 I 1 I
@ 1.830
>
y
s .
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E
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] 1 | }
300, ) 7] 304 rTTs

TIME (8

Fig. B.1.9 Clad temperature at elevation of 1.83 m

along a high power rod

RUN 82 ( HY & HL RLONG A HIGH POWER ROD ) ELV = 1.e3 8

o--( TIKE (82) - FLGBDZ (82)) &--[TINE {82) - FY0302 (82))
+--{ TINE-1 182) - HTE8L1Y17182))

-
3 ™ r 9
N
E m 1.880
oy A 1.B050
=
_ o i
P
=
wl
—
Q
[ -
= 100
.
g '
8 TP AU SN OI {
[«
u_l -
u
tn
=
e
[« 4
P
| 1 ] ] ]
= T 164 o4 304 T, 7]
L TINE (8§ )

Fig. B.1.10 Heat transfer coefficient at elevation of 1.83 m

along a high power rod
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RUN 62 (CLAD TEMP. ALONG A HIGH PORER ROD) ELV=2.44 N
O—ITINE  (62) - RwD3D208[62)) &--[ TINE-1 (82) - TES1Y1D [62))

1080

1 H

1) T T 504 44 a4
TIKE ( 8 )

Fig. B.1.11 Clad temperature at elevation of 2.44 m

along a high power rod

RUN 62 { HY & HL RLDNG R HIOH POWER ROD ) ELV = 2.44 M

O--[TINE (82) - FLO3DE (B2}) &A-~[TIME [B2) - FvOo302 1(B2))
+--(TIMNE-1 (B2} - HTE9lY1Q(E2))

i Fa
300 T T T T T ¢ \)

100

-193, 18 284 T T o4
TIME ( 8

Heat transfer coefficient at elevation of 2.44 m

along a high power rod
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RUN 82 (CLAD TEMP. ALONG R HIGH POWER ROD) ELV=3.06 M
O--(TINE  (62) - RWO302081E2)) A-——( TINE-1 (82) - TE3IYiA (821}

1300 , , , ,
© 8.050

x
1050 |- .
1wl
o
11 ]
5
=~ 800
[ =
o
Ll
o
r
w
s | .
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o= ]

’nu | ] L ]

[ 104 284 304 T 54

TIME [ 8]

Fig. B.1.13 Clad temperature at elevation of 3.05 m

along a high power rod

RUN 62 ¢ HV & HL ALONG A HIGH POKER ROD ) ELV = 3.06 M
O--[TINE (62Z) - FLD30Z (B21) A—[TINE  (B2) - FVO302 (8Z))
+--1 TINE-1 (B2) - HTES1Y1A(82))

anﬂ I I 1 1
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0o i 'h/""".\ Fay PR L

-

o
f \"'"—«-]—-—-._..-a-—"}'"-',

\..ﬂ.h-f\va'\‘f-:.’_,#.;—_a . .\\‘A-“

~10g4

HEAT TRANSFER COEFFICIENT ( W/Mww2/K )

Fig. B.1.1l4

184 T e [T} (70
TIME (8

Heat transfer coefficient at elevation of 3.05 m

along a high power rod

~101-
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RUN B2 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=0.30 M

@--({ TIKE

{B2) - Rm030406({62)} &~-( TINE-1

{82) - TEOT7Y13 (62))

1080 |-

660 :ﬁ

ROD TEMPERATURE (DEG-K)
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Fig. B.1.15
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TINE ( 8)

along a low power rod

@ 0.380

Clad temperature at elevation of 0.38 m

RUN 62 ( HY & HL RLONG R LOW POWER ROD ) ELV = 0.38 N
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Fig. B.1l.16

Heat transfer coefficient at elevation of 0.38 m

along a low

power rod
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RUN 62 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=1.015 M
O--{TINE  (62] - RmD3ID4DB(62)) A--[TINE-1 (62) - TEOTYIE (82))

1808 T T T T

@ 1.D18

1080 |- -

ROD TEMPERRTURE (DEG—K)

|
800g, 194 Ty Y] T B4

TIME (8

Fig. B.1.17 C(Clad temperature at elevation of 1.015 m

along a low power rod

RUN 62 ( HV & HL ALONG R LOW POWER ROD ) ELY = 1.016 H

O--{ TINE (82) - FLOSD4 (62)) A-—-(TINE (82) - FY0304. (B21)
+==t TINE-1 (82) ~ HTEQO7YLG(82))
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Fig. B.1.18 Heat transfer coefficient at elevation of 1.015 m

along a low power rod
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RUN 62 {(CLRD TEMP. RLONG A LOW POWER ROD) ELV=1.83 M

O--1 TIME [B2] - RmD3IN40B(B2)) A-~{ TINE-1 (82} - TEO7Y17? (6B2))

1300 T T T T

o 3.830

1080 .
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300 94 T4 T N ¢
TIME (8

Fig. B.1.19 (Clad temperature at elevation of 1.83 m

along a low power rod

RUN 62 [ HVY & HL RLONG A LOW POWER ROD 3} ELV = 1.83 M
®G--ITINE (62} - FLOSD4 (82)) A——(TINE (B2 - FYO304 (82))
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Fig. B.1.20 Heat transfer coefficient at elevation of 1.83 m

along a low power rod

—104—



ROD TEMPERATURE (DEG-K)

HEAT TRANSFER COEFFICIENT { W/Mum2/K )

JAERI—-M 93—032

RUN 62 (CLRD TEMP. ALONG A LOW POWER RCD) ELV=2.44 H

-~ TINE

(B2] - ReDBD40B(B21) &--( TINE-1 (B2) - TEOTY19 (82}
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]+ 11]
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Fig. B.1.21 Clad temperature at elevation of 2.44 m

along a low power rod

RUN B2 ( HV & HL ALONG A LOW POMER ROD ) ELV = 2.44 M
O-——{TINE  (BR) - FLOSO4 (B21) A—(TINE  (82) - FVDO304 (BRD)
+=-={ TINE-1 [82) - HTEQ7Y1G(E2))
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Fig. B.1.22 Heat transfer coefficient at elevation of 2.44 m

along a low power rod
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RUN 62 ( HY & HL ALONG A LOW POWER ROD ) ELV = 3.00 M

O--(TIME {82} - FLOSD4 (6R)) A——(TIHE (82) - FYOS04 (82)}
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Fig. B.1.23
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TIME ( 8 )

along a low power rod

Clad temperature at elevation of 3.05 m

RUN 62 (CLAD TEMP. ALONG A LOK POWER ROD) ELV=3.06 M
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Fig- B.1.24

Heat transfer coefficient at elevation of 3.05 m

along a low power rod
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VOID FRACYION

Fig. B.1.25 Average void fraction between 0.00 and 0.61 m

VOID FRACTION

Fig. B.1.26 Average void fraction between 0.6l and 1.22 m
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RUN B2 v0ID FRACTION ( 0.0C - 0.61 K )

O--{ TINE
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RUN 62 VOID FRACTION ( 1.22 - 1.83 4 )

O--l TINE [82) - ALP3 (B82)) &~~[ TIME~1 [(B2) ~ LTO4ROEVIB2Z])
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Fig. B.1.27 Average void fraction between 1.22 and 1.83 m

RUN 62 VOID FRACTION ( 1.83 - 2.44 M )

O--(TINE {623 - ALP4 (82)) 4-—[TIME-1 [(B2) - LTOSRG5V(O2)}
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Fig. B.1.28 Average void fraction between 1.83 and 2.44 m
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RUN 62 VOID FRACTION { 2.44 - 3.06 H )

o--{ TINE [82) - ALPE (B2)) A~-[ TINE-1 1[082) ~ LTCBROEV(EZ))
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Fig. B.1.29 Average void fraction between 2.44 and 3.00 m

RUN B2 VOID FRACTIPN ( 3.06 - 3.68 M )
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Fig. B.1.30 Average void fraction between 3.05 and 3.66 m
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CCTF RUN B2 ( TIME STEP SIZE )

®--{TINE  (B2) - =wDDELT (82))
0.100 (& , , Y ,
0.076 } —
0.080 - s
0.028 }

n 1 1 1 1
o 120 240 380 480 800
TIME ( 8 )

Fig. B.1.31 Time step size

CCTF RUN 62 ( CPU TIME )

4000

O-~(TINE (621 - =aOCPU (B2)}

_e 1 1 il 1

) 120 240 7T 480 800
TINE [ § )

Fig. B.1.32 CPU time
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(2) CCTF High Pressure Test (Run 55)

—111—



MASS FLOW RATE ( KG/S )

FLUID TEMPERATURE ( X )

JAERI-M 983-032

CCTF RUN B6 ( CORE INLET MAS8S FLON RATE )

O--[ TIKE

[EG)} - MLOSDICI(G6)) A—-[TINE~L (BB} - MLCRI1 (G&])

20.
180

IO.BL

'

ieg lllﬂ lllll 480 800
TIME [ 8 )

Fig. B.2.1 Core inlet mass flow rate (input)

CCTF RUN 66 { CORE INLET FLUID TEMPERATURE )

O--(TINE (B61 - TLO9D101(EG)) &—-{ TINE-1 (G5) - TACRIN [(BE))
460 1 1 I 1
428 |- -

]

400 - .
378 | n
880 L 1 L L

0 120 240 880 480 800

TIME ( 8 )
Fig. B.2.2 Core inlet fluid temperature (input)

—112-



JAERI-M 93—-032

CCTF RUN 65 ( TOTRL POMWER )

O-={ TIKE

{66) - RPOSDI

[E6}) &~=( TINE-1

[66) ~ WTOTAL (55))

PONER ( W )

PRESSURE ( PR )

7800000 B -
e
3000000 ¥ E
2806000 | B
n ! 1 1 1
+ 120 240 g60 480 800
TIME [ 8 )
Fig. B.2.3 Total power supplied to core (input)

CCTF RUN 66 ( CORE OUTLET PRESSURE )

450000

4000400

(56) - PTOIRLE (BE})

©--(TINE  (55) — PROS140116G)) 4—[ TEME-1
¥ i I 1
1 1 i 1
1] 120 240 o 480 ago
TIKE { 8 )
Fig. B.2.4 Core outlet pressure (input)
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RUN 66 (CLAD TEMP. ALONG A HIGH POWER ROD) ELV=0.38 M
®--tTINE  (BG) - Rm030208(55)) &--( TINE-1 (5&) - TE21Y13 (BG))

1800 [ I : 1
© 0.380

b 4
1m0 | -
17 ]
[ |
w
o
2 me} .
[« =
[« o
(1T}
o
x
i
= ee |- { i
= |
9 I

2005, 150 ) 590 20 50

TIME ( 8 )

Fig. B.2.5 Clad temperature at elevation of 0.38 m

along a high power rod

RUN 66 ( HV & HL ALONG A HIGH POWER ROD ] ELY = D.38 M
®--{TINE  (65) - FLOSOZ (BB)} A-—[TINE  (EG) - FY0302 (GE))
+--{TINE-1 (EG) ~ HTE3IY18(§6))

X o0 —)——e—rf—e B St
< {
]
[ ) @ 0.380
r f & 0.900
x [
- w0 H -
-
=
=
=
w 00
i
L
o 4
[ 4 A“\‘"-\ Y re
o oy A A ye A - i
Lo
n —-_—
=
o
[
l—
J L
= 10, Toa 7a0 850 480 7
u TIME { 8
Fig. B.2.6 Heat transfer coefficient at elevation of 0.38 m

along a high power rod
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RUN 65 (CLAD TEMP. RLONG A HIGH POKER ROD) ELV=1.016 M

o--( TIHE (66) - RwD30206(66)) &I TINE-1 [(BE) - TEI1YIB [B6))
1300 T T T T
M 1.01d

x
(L 1060 |- B
wl
a
L
w )
P O
=]

- hY .
E a0 \
-4
i
[«
= ]
w ]
L | -
o & I
o - e A

aun H i i i
80 180 260 180 480 880

TIME ( 8 )

Fig. B.2.7 Clad temperature at elevation of 1.015 m

along a high power rod

RUN 66 ( HV & HL RLONG A HIGH POWER ROD ) ELY = 1.016 H

o--{ TINE {65) - FLOSOZ (55)) A--[TINE (E6) - Fy0302 (B6))
+—(TIME-1 (EB) - HTEB1YL6(EG))

—
S W GG }
o
| |
s o 1.015
N A& 1.018
xx
_ to0 ]
-
- 4
l
-t
[ & |
H -—
= 100
[T
[TV}
a8
o ~dr P alna il — P Np——
il .
VI
0
=
T
-
Il 1 1 1
= 1% 180 Tio 390 %80 )
T TINE [ 8§

Fig. B.2.8 Heat transfer coefficient at gelevation of 1.015 m

along a high power rod
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RUN 66 (CLAD TEMP. ALONG R HIDH POWER ROD} ELV=1.83 M
©--(TINE  (EG) — RwD30208(5G1) A--(TINE-1 (BB6) - TESIY1T [E6))

1300 , . , T
© 1.820
x
i 1m0 4
Y]
(=]
w
S
- 80D _
o
oz
L
.
b =
i
- ssoI 1
fam |
2
o D Gl e
] Il
3004 150 230 T, 480 B6D
TIME { 6§

Fig. B.2.9 Clad temperature at elevation of 1.83 m

along a high power rod

RUN 66 ( HV & HL ALONO A HIGH POWER ROD ) ELV = 1.883 M
®--(TINE  (55) - FLDS02 (B6)) A--{TINE  IEG) - FY0302 (G5))
+--(TIME-1 {55) - HTE31Y17(EB)}

-
E; 300 T 7 +y £ =2 r 4

n

] @ 1.830
3 A 1.880
x

_ o _

H

=

Ll
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= 100 -
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[« 4

b=

— _ln 1 L 1 ]

oo %o 180 %0 a0 80 ¥on

L TIME ( 8 )

Fig. B.2.10 Heat transfer coefficient at elevation of 1.83 m

along a high power rod
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RUN 65 {CLRD TENP. ALONG A HIGH POWER ROD) ELV=2.44 N

@-—( TINE (E6] - Rw0BO20B(EG)) &4——{ TIHE-! (EB) - TE31Yi@ {E6))

1300 . , ] .
O 2.440
=
b 1080 [ .
(73] N\,
o
d
=
[ [.[+[1] -
o
[
[N}
a.
b -
Ll
= B0 7
[ ]
=]
o= & - -
L 1 1 i
3002, 180 T 350 W0 6o

TINE ( 8)

Fig. B.2.11 Clad temperature at elevation of 2.44 m

along a high power rod

RUN 55 { HV & HL RALONG A HIGH POWER ROD ) ELV = 2.44 N
®--{TINE  (EG) - FLOSOZ (GEE)] A——(TIME  (E6) - F¥D302 (BG))
+--1TINE-§ IE5) - HTE31Y18(EE))

X me | &8+ :
o
!
- 0 2.440
E A P.440
x
- o | |
-
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- hy! f~’
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o
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0
=
[+ 7]
[~ 4
-
I . . '
ul TIME ( 8)

Fig. B.2.12 Heat transfer coefficient at elevation of 2.44 m

along a high power rod
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RUN 66 (CLAD TEMP. ALONG R HIGH PCWER ROC) ELV=3.06 M

©-—{TIKE  (E5) - RmD30Z08(6&)) A-—[TIME-1 (66) - TESLYIA (B5))
1800 T T T T
© 3.080
x
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4
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o v
a0a 1 L 1 1
80 180 [T 1T 4a0 5a0

TINME ( 8)

Fig. B.2.13 C(Clad temperature at elevation of 3.05 m

along a high power rod

RUN 66 ( HV & HL ALONG A HIGH PORER ROD ) ELV = 3.06 M

O--( TIKE {56) — FLD9O2 (BE)) &-—-(TINE (66) — FY0302 (65)}
+-~-[TIME-1 (&6} - HTES1YIR(EE})

S s . ; Bt
o~ I
[ /
" / © 3.050
EE ; & 3.0B0
x f
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b %o 180 200 380 %0 B30
A TINE ( 8 )

Fig. B.2.14 Heat transfer coefficient at elevation of 3.05 m

[
oo

along a high power rod
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RUN 65 (CLAD TEMP. ALONG A LON POWER ROD) ELV=0.36 M

@--( TINE {65) - Rm03D40B(561) &~~{ TINE~1 (BE) - TEO7YId (BG))

1200 , , ' T
@ 0.380
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TINE ( 8

Fig. B.2.15 Clad tewperature at elevation of 0.38 m

along a low power rod

RUN 66 ( HY & HL RLONG A LOW POWER ROD ) ELV = 0.38 H
O--ITINE  (GG) - FLO30A (56)) A-—(TINE  (BS) - FY0304 (66))
4=~ TINE-1 (B5) - HTEO7Y13(EE))
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Heat transfer coefficient at elevation of 0.38 m
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—
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e
o2
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along a low power rod
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RUN 65 (CLRD TEMP. ALONG A LOW POWER ROD) ELV=1.016 M
©--{TINE  (GE) - R=D304DBIEE)) A--(TINE-1 (B6) - TED7Y1E (B}

1300 T T Y T
- ® 1.018
x
f.l’l 1080 |- .
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TIME ( 8 )

Fig. B.2.17 Clad temperature at elevation of 1.015 m

along a low power rod

RUN 66 ( HV & HL ALONG A LOK POWER ROD ) ELV = 1.016 M

@--{ TINE [66) - FLO304 {56)) 4--(TINE [66) - FYO304 (6E))
+-~(TIME-1 (b6} - HTEQO7YLE(BG6)2

x=
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o
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- 1% 180 1T [T 480 W80
u TIME {8

Fig. B.2.18 Heat transfer coefficient at elevation of 1.015 m

along a low power rod
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RUN 56 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=1.83 M

O—[TINE (BB} - RmD3C40B(EG)) &——(TINE-1 (EG) - TED7Y17 (GG))
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Fig. B.2.19 Clad temperature at elevation of 1.83 m

along a low power rod

RUN 56 ( HY & HL ALONG A LOW POWER ROD ) ELV = 1.83 H
®--{TINE  (GG) - FLO2O4 (E5)) &——{TINE  (EE) - FY0304 (BB))
4--1 TINE-1 (BB) - HTEO7Y17(66))
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Heat transfer coefficient at elevation of 1.83 m
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along a low power rod
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RUN 66 (CLAD TEMP. ALONG R LOW POWER ROD) ELV=2.44 M

@©--{TINE  [56) - RMO30408{561] &-—-[ TINE-1 (BE] - TEQTYIS [EB)}
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Fig. B.2.21 Clad temperature at elevation of 2.44 m

along a low power tod

RUN 66 { HV & HL ALONG A LON POWER ROD ) ELV = 2.44 N
®--(TINE (56} - FLOSD4 (EG1) A--(TINE (Bl - FY0304 {61}
+-~(TIKE~1 (66} - HTEQ7Y18(EG1)
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Fig. B.2.22 Heat transfer coefficient at elevation of 2.44 m

along a low power rod
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RUN 85 (CLRD TEMP. HLBNB A LOW POWER ROD) ELV=3.06 M
©--{TINE  (65) - ReD30408(66)) A-—( TINE-1 (68) - TEO7Y1A (EE1)
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Fig. B.2.23 Clad temperature at elevation of 3.05 m

along a low power rod

RUN 66 ( HV & HL ALONG R LOW POWER ROD ) ELV = 3.06 N

©O-—-(TINE (5B} - FLOSD4 (6613 A-—(TIME (BB} - FYO304 (E6))
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Heat transfer coefficient at elevation of 3.05 m
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along a low power rod
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RUN 66 VOID FRRCTION ( 0.00 - O.61 N )

O--( TINE IES} - ALPY {E6)) &~~[ TINE-1 [(B56) - LTO2RQEY(GE)}

l-nﬂ? T T ) i

0.76 # ]
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Fig. B.2.25 Average void fraction between 0.00 and 0.61 n

RUN &b VOID FRACTION ( 0.61 - 1.22 M }

@O-~1{ TINE [B6} - ALP2 (66)) 4—(TIME-1 (B5) ~ LTOARQBY(EE])

1.00

0.76 i
=
=]
I ]
!—
&
o a.50 .
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.
[=] \ oy, N A BN ™
P \ 7 ‘“;»“IMJ*(‘/ A
o Y \
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.26 |- R
i L 1 |
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Fig. B.2.26 Average void fraction between 0.61 and 1.22 m
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RUN 66 VOID FRACTION ( 1.22 - 1.83 M )

@--1 TINE (66} - RLF3 [GG)) A-~[ TINE-1 (B66) ~ LTO4RQBV(BE]]

1.00
.78 _
5
Y
- e
St —
g N il hv‘“""‘._.,,.—-’""&'\-.ﬂ‘_,‘
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Fig. B.2.27 Average void fraction between 1.22 and 1.83 m

RUN 56 VOID FRACTION [ 1.83 - 2.44 H )

O-=~( TIME {66) - ALP4 {56)) &--[ TINE-f [B8) - LTDEROGVIEEI)

.00 %

0,75
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4 § | I
80 180 0 280 430 80
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Fig. B.2.28 Average void fraction between 1.83 and 2.44 m
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RUN B5 VOID FRARCTION ( 2.44 - 3.06 M )
®-~(TINE (56} - ALPE  (66)) A~~{ TINE-1 [E§) - LTOBROEV(E6])

1.00 mm T
X
Y
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Fig. B.2.29 Average void fraction between 2.44 and 3.05 m

RUN &b VOID FRACTION ( 3.06 - 3.66 M )

O--( TIME [6B) - ALPB {B6}) 4——[TIME-1 IBB) - LTOTRABY{EE]}

1.00 &-'—vw'@—wwu? v
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Fig. B.2.30 Average void fraction between 3.05 and 3.66 m
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TIME STEP SIZE ¢ § )

CPU TIME ( S )

JAERI-M 93-032

'CCTF RUN 66 ( TIME STEP 8IZE )

O-—[TINE (56! - ==DDELT (56])
o.100 T 1 1 I
0.075 |- 1
0.080 | B
D.026 |- B
%% 10 a0 380 780 800
TIME ( 8 )
Fig. B.2.31 Time step size
CCTF RUN BB ( CPU TIME )
@--{ TINE (BB} - ==OCPU (BB))
‘aun 1 1 T i
snoo i
2000 |- N
ioon §- .
i AT 240 580 70 800
TIME ( 8 )

Fig. B.2.32 CPU time
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(3) CCTF Low Pressure Test (Run 67)
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MASS FLOW RATE ( KG/S )

FLUID TEMPERATURE { K )

JAERI-M 93—032

CCTF RUN 87 ( CORE INLET MASS FLOW RATE )

O--( TIKE {87) - MLOD1D1(87)) &A——{ TINE~1 [B7} - MLCRI1 [(87))

20.0 B T T T
15.01- .
10.01 ]
5.0 |

o FF ulu ulu nltl 4nln, 200

TIME ( 8 )

Fig. B.3.1 Core inlet mass flow rate (input)

CCTF RUN 87 (-CORE INLET FLUID TEMPERATURE )

O--ITINE (871 - TLOSOIG1(B7)) A——[TINE-1 (B7) - TACRIN (87))

450 T T T T
426 |- .
a0 | i
878 4
ano ' \ ‘ '

+] 120 240 sa0 480 8a0

TIME ( 8 1}

Fig. B.3.2 Core inlet fluid temperature (input)
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POWER [ N )

PRESSURE [ PR )

JAERI-M 93-032

CCTF RUN 87 { TOTRL POWER )
©--(TINE  (87) - RPOS0L [B71] A-—(TINE-] (87) - NTOTAL (87))

10000000 . , f 1
l
78500000 {- i
sooo000 |- =
gsogogo |- ;
o5 126 T 380 0 )

TIME ( 8 )

Fig. B.3.3 Total power supplied to core (imnput)

CCTF RUN 67 ( CORE OUTLET PRESBSURE )
O-—(TIME  (87) - PROS14D1(87)) A-—( TINE-1 (B7) - PTDIRLE (871)

aoboon T T T 1

RE0000

180000

1 I )
100000 > 120 240 380 480 800

TIME ( 8 )

Fig. B.3.4 Core outlet pressure (input)
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RUN B7 (CLRD TEMP. ALONG R HIGH POKER ROD) ELY=0.38 M
©--I1TINE  (B7) - Rs0S02OBC(ET)) A--(TINE-1 (871 - TESIY1D (871
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Fig. B.3.5 Clad temperature at elevation of 0.38 m

along a high power rod

RUN 67 { HY & HL ALONG R HIGH POWER ROD ) ELV = 0.38 H
O-—(TINE  (87) - FLOS0Z (871) A——ITINE  {B7) - FyD302 (871
+-—UTIME-1 (B7] — HTEBIY13(B71)
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Fig. B.3.6 Heat transfer coefficient at elevation of 0.38 m

along a high power rod
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RUN 67 (CLAD TEMP. ALONG R HIGH POWER ROD) ELV=1-016 M
@--ITIME  (B7) - RED30208(67)) A-—{TINE-1 (B7) ~ TE3LY1E (87))
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Fig. B.3.7 Clad tewmperature at elevation of 1.015 m

along a high power rod

RUN 67 ( HV & HL ALONG A HIGH POWER ROD ) ELY = 1.016 M
O--UTINE  (87) - FLOSD2 (87)) A--(TINE  (B7) - FY0302 (A7)
+--(TINE-1 (87) ~ HTESIY16(87))
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Fig- B.3.8 Heat transfer coefficient at elevation cf 1.01l5 m

along a high power rod
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RUN 87 (CLAD TEMP. ALONG A HIGH POWER ROD) ELV=1.83 H

C--t TINE (87) - RwD30208187)) A——[TIKE-1 (87) - TE¥IYL7 (B7)}
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Fig. B.3.9 Clad temperature at elevation of 1.83 m

along a high power rod

RUN 67 ( HY & HL ALONG A HIGH POWER ROD } ELV = 1.83 N
O--(TIME  (87) - FLOBDZ {871) A-—-[TIHE  (B7) - FYOR0Z {07}
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Fig. B.3.10 Heat transfer coefficient at elevation of 1.83 m

along a high power rod
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RUN 67 (CLAD TEMP. ALONG R HIGH POWER ROD) ELV=2.44 M

O-=[TINE

(87) - Rm(3020B(07)) A-~[TIHE-1 (87) - TE3IYIB [87))
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Clad temperature at elevation of 2.44 m

along a high power rod

RUN 67 ( HV & HL ALONG A HIGH POWER ROD ) ELV = 2.44 M

(871)

O--[TINE  (B7) - FLD3DZ (B7)) &--{TIME  [B7] - FVDS02
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Fig. B.3.12 Heat transfer coefficient at elevation of 2.44 m

along a high power rod
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TEMP. ALONG A HIGH POWER ROD) ELV=3.06 M
(87) - ReDIC20B(87)) A-—{ TINE-1' (87} - TEIIYIA (871)
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Fig. B.3.13 Clad temperature at elevation of 3.05 m

along a high power rod

RUN B7 ( HV & HL RLONG A HIGH POWER ROD ) ELY = 3.06 H
te7n
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Fig. B.3.14 Heat transfer coefficient at elevation of 3.05 m

along a high power rod
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RUN 67 (CLRD TEMP. RLONG A LON POWER ROD) ELV=0.38 M
O--(TINE  (87) - Re030408(871) A-=(TINE~1 (87) - TEOTYL® (7))
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Fig. B.3.15 Clad temperature at elevation of 0.38 m

along a low power rod

RUN 87 { HV & HL ALONG R LOW POWER ROD ) ELV = 0-.306 M

O-=[TINE (87) - FLO304 (B7)) 4--{TIHE (87) - FY0304 [(B7))
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Fig. B.3.16 Heat transfer coefficient at elevation of 0.38 nm

along a low power rod
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RUN 87 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=1.015 M
®--ITINE  (87) - ROSD40B(E7]) A—-(TINE-1 (67) - TEQYiE (87))
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Fig. B.3.17 Clad temperature at elevation of 1.015 m

along a low power rod

RUN 67 [ HV & HL ALONG R LO® POWER ROD ) ELV = 1.016 M

O--[ TIME {671 - FLOSC4 (67)) 4--[TIHE t87) - FVD3o4 [(87])
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Fig. B.3.18 Heat transfer coefficient at elevation of 1.015 m

along a low power rod
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RUN 87 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=1.83 M
@-—(TINE  (B7) - Re0O040OCE7)) A--(TINE-1 (87) - TEOTY17 (87))
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Fig. B.3.19 Clad temperature at elevation of 1.83 m

along a low power rod

RUN 67 ( HV & HL RLONG A LOW POKER ROD ) ELV = 1.89 M
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B.3.20 Heat transfer coefficient at elevation of 1.83 m
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along a low power rod
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RUN 67 (CLARD

O--L TIRE

JAERI-M 93—032

TEMP. ALONG A LOW POWER ROD) ELV=2.44 N
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Fig. B.3.21

Clad temperature at elevation of 2.44 m

along a low power rod

RUN 67 ¢ HV & HL ﬁLUNG R LOW POWER ROD ) ELV = 2.44 N
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Fig. B.3.22 Heat transfer coefficient at elevation of 2.44 m

along a low power rod
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ROD TEMPERATURE (DEG-K)

HERT TRANSFER COEFFICIENT ( R/Mmm2/K )

JAERI-M 93032

RUN 67 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=3.06 M

1300
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O--(TINE

187) - Rm030408(87)) &~-[TINE-1 (87) - TEQTIYIR (87))

!

I
400 son

800
TINE ( 8

I
100 200

Fig. B-3.23 Clad temperature at elevation of 3.05 m

along a low power rod

RUN 67 ( HV & HL ALONG A LOW POWER ROD ) ELV = 3.06 M

®--1TINE (871 - FLOSO4 1B7)) &—~(TIME  (87) - FVE304 (67))
+~~[ TINE-1 {87) ~ HTEQ7Y1A(87)1
'un 1 I I 1
@ 3.0860
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Fig. B.3.24 Heat transfer coefficient at elevation of 3.05 m

along a low power rod
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RUN B7 VOID FRACTION ( 0.00 - 0-61 %)

@-—{ TINE t87) - ALPL (B7)) &--[ TIME-1 [(B7] - LTO2ROBY(E7])
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Fig. B.3.25 Average void fraction between 0.00 and 0.61 m

RUN 67 VOID FRACTION { 0.61 - 1.22 M )

O-~[ TINE (87]1 - RLP2 (67)) &--1 TINE-1 (87} - LTOSRGEVI(67))
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Fig. B.3.26 Average void fraction between 0.61 and 1.22 m
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RUN 67 VOID FRACTION ( 1.22 - 1.83 K )

o-—1 TIME [(87) - ALP3 {B7)] &——(TINE-1 (B7) - LTO4ROEY(BY))
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Fig. B.3.27 Average void fraction between 1.22 and 1.83 m

RUN 87 VOID FRACTION [ 1.83 - 2.44 N )

o-—1{TINE [B7) — RLP4 [B7)7 &~—({ TIME-1 [B7) ~ LTDGRGEY(B7)}

vOIO FRACTION

& 108 T 208 T (7]
TIME { § )

Fig. B.3.28 Average void fraction between 1.83 and 2.44 m
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RUN 67 VOID FRACTION { 2.44 - 3.06 N )
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Fig. B.3.29 Average void fraction between 2.44 and 3.05 m

RUN 67 VOID FRACTION ( 3.06 - 3.86 N )
O--(TINE (87! - ALP8  (671) A-[TINE-1 (871 - LTOTRQGV(E7)]
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Fig. B.3.30 Average void fraction between 3.05 and 3.66 m
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TIME STEP SIZE [ § )

CPU TIME ( 5§ )

JAERI-M 93—-032

CCTF RUN 67 ( TIME STEP BIZE )
©--iTINE (87 - wmODELT (B7))

0.100 y@ . . | |
0.078 |- d
0.0su | A
0.028 |-
% T2 24 T o #0o
TIME ( 8 )

Fig. B.3.31 Time step size

CCTF RUN 67 ( CPU TIME )

B-=( TIME {87) - ==DCPU (8713
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se00 |
08 it T 0 W soo
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Fig. B.3.32 CPU time .
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(4) CCTF Low Power Test (Run 63)
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MASS FLOW RATE { KG/S )

FLUID TEMPERATURE [ K )

JAERI-M 93—032

CCTF RUN 83 ( CORE INLET MR88 FLOW RATE )
O--(TINE  (83) - MLOSCICICES)) A——{TIHE-1 (83) - HLCRIL (83))
20.0, T T T T
1801 J N
|'
IU-U"" —
8.0 |
]
|
!
|
0 === T 30 w5 800
TIME ( 8§ )
Fig. B.4.1 Core inlet mass flow rate (input)
CETF RUN B3 ( CORE INLET FLUID TEMPERATURE 1
@--(TINE  (§3) ~ TLO30101(H89)) A-~( TIME-1 (B3) - TACRIN (83))
450 T T T T
425 - B
400 - N
78 - b
850 ] l!iﬂ IG!II ll[ﬁ 4!10 ago
TIME € 8 )
Fig. B.4.2 Core inlet fluid temperature {input)
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CCTF RUN B9 ( TOTAL POKWER )
@--(TINE  183) - RPORCL (83} 4—(TIRE-1 (88) - WTOTAL (B2))

10000000 T T 3 1

‘7800000

T

POWER [ W )

o 2o 1T %0 0 300
TIME € 8 )

Fig. B.4.3 Total power supplied to core (input)

CCTF RUN 89 ( CORE OUTLET PRESSURE )

o--1 TINE {83) - PROS14D1(B3)) A——{ TINE-1 (B83) - PTOIRLZ (B8]

880000 Y T T T

PRESSURE ( PR )

{ 1 1
188000 5 — 120 a0 ~3@ . 48 g00

TIME ( B )

Fig. B.4.4 Core outlet pressure (input)
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RUN 63 (CLAD TEMP. ALONG A HIGH POWER ROD) ELV=0.38 M
®-~(TINE  (83] - R=0S02OS[BI} A—-{ TINE-1 (#3) - TES1Y1S (83))

1060 |-
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Fig. B.4.5 Clad temperature at elevation of 0.38 m

along a high power rod

RUN 63 ( HV & HL RLONG A HIOH POWER ROD ) ELV = 0.38 M
©--(TINE (6831 - FLOS0Z (831) A——[TINE  (83) - FV0302 (B3))
- +--1TIME-1 [(83) - HTES1Y13(B3)}
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Fig. B.4.6 Heat transfer coefficient at elevation of 0.38 m

along a high power rod
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RUN B3 (CLAD TEMP. ALONG A HIGH POWER ROD) ELV=1.01% M

- TIRE {63) - Rm030208(E3)) &——( TINE-L
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Fig. B.4.7 Clad temperature at elevation of 1-015 m

along a high power rod

RUN B3 ( HV & HL RLCNG A HIGH PONER ROD ) ELV = 1.016 #

O-—(TINE  (83) - FLOSDZ (88)) A—ITINE (B3} - FYOS0Z (8311
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Fig. B.4.8 Heat transfer coefficient at elevation of 1.015 n

along a high power rod
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RUN 63 (CLAD TEMP. ALGNG R HIGH POWER ROD) ELV=2.44 M

O-—~[TINE (83) - Re030208189)) A-—(TIKE-1 (B3} - TEX1YID (B3))

1300 ,

ROD TEMPERATURE {DEG-K}

O 2.440

AN~

1 1

L
Rl 160

%0 o0 400 oo
TIME ( &)

Fig. B.4.11 Clad temperature at elevation of 2.44 m

along a high power rod

RUN B3 { HV & HL ALONG A HIBH POWER RCD ) ELV = 2.44 M

@--{ TINE (83! - FLOSOR (63)) &—~(TINE (831 - Fvoaoz (63))
4+--(TIME-1 (B3] - HTES1YLG(881)

100

1 ; e S ——€h

e 1 28

HEAT TRANSFER COEFFICIENT ( W/M=m2/K ]

SIIB 4llﬂ 528 [T ]
TINE (8 )

Fig. B.4.12 Heat transfer coefficient at elevation of 2.44 m

along a high power rod
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RUN 63 (CLRD TEMP. ALONG A HIGH POWER ROD) ELV=3.0b M

O--1TINE  (83) - R=OS0ZOB(B3)) A--[TINE-1 (B3} ~ TESIY1A (83))
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Fig. B.4.13 Clad temperature at elevation of 3.05 m

along a high power rod

RUN 63 ( Hv & HL ALONG R HIGH POWER ROD ) ELV = 3.06 X

C-=-{ TIME (53] - FLQ3DZ2 (839)] &--[TINE (BY) - Fvo3oz (83))
+--(TINE-1 (839) — HTE31YLR(63))

800 . r , oy e

100

e ulu u' ull [TT] 71 ]
TINE { 5§

HERT TRANSFER CCEFFICIENT { H/M=m2/K )

Fig. B.4.14 Heat transfer coefficient at elevation of 3.05 m

along a high power rod

—152—



JAERI-M §3—032

RUN 63 (CLAD TEMP. RLONG A LOW POWER ROD) ELV=0.38 M
®--{TINE  (83) - R=D3DADBIE3)) A——[ TINE-1 (83) - TEQ7Y1S (B3))
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Fig. B.4.15 Clad temperature at elevation of 0.38 m

along a low power rod

RUN 63 ( HV & HL ALONG A LOW POWER ROD ! ELY = 0.38 M

D-—{TINE  (83) - FLO3D4 (83)) A-—(TINE  (E3) - FYD304 (B3})
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Fig. B.4.16 Heat transfer coefficient at elevation of (.38 m

along a low power rod
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RUN 63 (CLAD TEHMP. ALONG R LOW POWER ROD) ELV=1.016 M
@--(TIHE  (83) - R=D30408(83)) A-—[TINE-1 (83 - TEOTYIE {83))

1300 T T T T
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! ] L
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Fig. B.4.17 Clad temperature at elevation of 1.0l5 m

along a low power rod

RUN 63 ( HY & HL ALONG A LOW POWER ROD ) ELV = 1.016 M
O--(TIME  (B3) - FLO204 (B3)) A—{TINE  (B3) - FVD304 (B3)]
+--[TINE-1 (83) - HTEO7Y15(B31)
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Fig. B.4.18 Heat transfer coefficient at elevation of 1.0l5 m

along a2 low power rod
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RUN 63 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=1.83H

O--{TINE ~ (B3] - ReOSD40S(83)) &--[ TIKE-1 (83) ~ TEQTY1T (B35)

1300 T T 1 T

ROD TEMPERATURE (DEG-K!

- | ]
%68 g 100 o0 oo 00 800

TIME ( 8 )

Fig. B.4.19 Clad temperature at elevation of 1.83 m

along a low power rod

RUN 63 ( HV & HL RLONG A LOW POWER ROD ) ELV = 1.83 M
©——(TINE  (63) - FLOS04 (B3)) A——(TIME  [B3) - FVD304 (83))
4+-~ITINE~1 (89) - HTEO7YLT(831)

800 &S o g } &
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=10 1 |
QII £20 .11} £ 528 oz
TIME ( 8 )

HEAT TRANSFER COEFFICIENT ( W/Mus2/K )

Fig. B.4.20 Heat transfer coefficient at elevation of 1.83 m

along a low power rod
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ROD TEMPERATURE (DEG-K)

HERT TRANSFER COEFFICIENT { R/Mum2/K )

Fig.

JAERI-M 93-032

RUN B3 (CLRD TEMP. RLONG A LOW POWER ROD) ELV=2.44 M

@-={ TINE (@3] - Ra0S0408(69)) &~~{ TINE-1 (839) - TED7YI8 (83))

1080

R.440

1 ]

100 700 800 400 sco
TIME ( 8 )

Fig. B.4.21 Clad temperature at elevation of 2.44 n

along a low power rod

RUN 63 ( HV & HL ALONG A LOW POWER RAD ) ELV = 2.44 N
®--(TINE (B3] - FLO3D4 [(831) &--[TINE  (B3) - FV0304 (831
+-~{TINE-1 (83) - HTED7Y18{83))

oo |-

®
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| .

—8

I T

g P 228 328 T [7T) [T
TINE { 8
B.4.22 Heat transfer coefficient at elevation of 2.44 m

along a low power rod
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RUN 63 (CLAD TEMP. ALONG A LOW POWER ROD) ELV=3.06 H

o--{ TINE {89) ~ RmQ3040B(BY)) &-—( TIME-1 (B3] ~ TEDTYIR (83)]
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® 3.080
]
x
b om0l -
wl
o
w
%
- poo | i
s =
o
w
o
=
i
= B0
o |
[ |
-4
1. i ] {
2o 5 100 z0o a0t 400 T3]

TIME (8

Fig. B.4.23 <Clad temperature at elevation of 3.05 m

along a low power rod

RUN 63 ( HY & HL ALONG A LOR POWER RDD ) ELV = 3.06 H
@--(TINE (831 - FLOSD4 (89)) A-—[TINE  (B3) - FY0304 1B3))
4--1TINE-1 (B3) - HTED?YLR(831)

"4 1
. 200 T T T T 3 1 T 9"
o~ } i
H ' @ 5.050
T I A 8.050
= |
- 0 | } .
(.
= s
per /
o ,_/
™ |, -
[T
& D
x|
e
m -
(1
w
=
T
o=
o

- L | i L ]
= 109,5 228 28 28 528 77}
i TIME ( 8 )

Fig. B.4.24 Heat transfer coefficient at elevation of 3.05 m

along a low power rod
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RUN 63 vOID FRACTION ( G.00 - 0.681 M )

O--( TIKE (83) - ALP1 (89}] &-~[TINE-1 (03] - LTOZRQEY{E3)}

0.78
z
=]
[ ]
!—-
g
o 0.50
w
o
i
()
-
0.28
\ g
\ ,.--lr\/”’"’ \""\v'q
N e A g T .
Peo 728 828 420 28 T3]

TIME { 8§

Fig. B.4.25 Average void fraction between 0.00 and (.61 m

RUN 63 VOID FRACTION { 0.61 - 1.22 M )
®--(TINE  (B3) - ALP2  [B3)) A--I TIHE-1 [B3) - LTOSROGV(ES1]

1.00

.76
=z
=]
—
o
g
o n.n0
- N 4 AV
fom § \ ﬁ‘\’ \“ ,-"‘----v
g \\"‘N'\.-ﬂir ﬁh’ ~
>

0.28 |- .

L ] L L
P!B 228 128 a0 [ ]} .+
TIME (¢ & )

Fig. B.4.26 Average void fraction between 0.61 and 1.22 m
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RUN 63 YOID FRACTION ( 1.22 - 1.83 H )

m-—1 TINE (83) - ALPI {BS)) A--[{ TIE-1 (B3] - LTO4RO5VIEI))

0-15' i
=
[ ]
[ ]
-
& \

so bt

= |
-
o
-

0.25 |- i

| | | |
foa T az8 7T 1) ais

TIME ( 8 )

Fig. B.4.27 Average void fraction between 1.22 and 1.83 m

RUN 63 YOID FRACTION ( 1.83 - 2.44 N )
®—-{TINE  (83) - ALP4  [B3)) A-—[TINE-1 (B3] - LTOBROEVIE3})

Nl 14l
0.76 | ' S L Ij i
— .
g; e R AN
el
’—
&
(o4 0.60 |- .
Tl
jm |
[ ]
=}
>
0.28 | 4
1 1 1 ]
fea eea [T1] TN (111 [T1]

TIKE ( 8 )

Fig. B.4.28 Average void fraction between 1.83 and 2.44 m
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RUN 63 VOID FRACTION ( 2.44 - 3.06 M !}

O--(TINE {B3) - RALPE (€3)) &--[TINME-1 [(63) - LTOBROEV(83})

1.00 T
|
SRR t #Jula
’x "A.--...__..,\ % ‘

u.vx‘% ,/ *ﬁf Wﬂ-i
z |V
5
nc  D.80 |- i
w
g 0.265 |- i

fos 225 228 iz 528 528

TIME { & ]

Fig. B.4.29 Average vold fraction between 2.44 and 3.05 m

RUN 63 VOID FRACTION ( 9.06 - 3.66 M )

O-={ TINE (9] - ALP8 (8311 A-=[TINE-1 (B3) - LTOTROSY(83])

0.78
=
=
b
[
&
o= 0.60 |- .
(T
[=]
[ ]
[
-

0.26 |- .

! I ] L
Pﬂll 228 are 4128 BRY 828

TIME { 8§ )

Fig. B.4.30 Average void fraction between 3.05 and 3.66 m
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TIME STEP SIZE ({ § )

CPU TIME ( 68 )

JARERI-M §3-032

CCTF RUN 83 ( TIME STEP 8IZE )
O--(TIME (B3] - wsODELT (83)3

0.100 f& & T T T

¥

-

] 120 T 0 T 800
TIME ( § )

Fig. B.4.31 Time step size

CCTF RUN 83 { CPU TIME )

o—[ TINE (83) - =mDCPU (83))

4000 T ! T T

1

1000

5

0 ﬁlT u]u lnlu 480 800
TIME ( 8 )

Fig. B.4.32 CPU time
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{5) CCTF Best Estimate Test (Run 71)
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MASS FLOW RATE ( KG/S )

FLUID TEMPERRTURE ( K )

JAERI-M 93-032

CCTF RUN 71 ( CORE INLET MAR8S FLOW RARTE )
©--{TIME  (71) - MLOSDIOL(71)) &~—{ TIAE-1 (71) - WLCRII (71D)

. N
IRV
%0 | 1% _i 7 %0 Ty T

Fig. B.5.1 Core inlet mass flow rate {(input)

CCTF RUN 71 ( CORE .INLET FLUID TEMPERATURE )
@-~(TIHE (71} - TLOSOO1171)) A—~(TINE-1 {71) - TACRIN (M)

480

425 |-

400

a7s

| i 1 .
360 ¢ 126 140 %80 780 0
TIME ( 8 )
Fig. B.5.2 Core inlet fluid temperature (input)
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CCTF RUN 71 ( TOTAL PCGWER )
@--(TINE (71} ~ RPOBDY1 (71)) &—(TINE<1 (71) = NTOTAL (711

1000000¢ , ' , ,
78500000 |- -
=
™ soooooo | - .
-3 R R
w ~ee
= el e e,
=
o
2800000 } : .
[/} A b L L :
] 170 240 380 480 800
TIME ( 8 }

Fig. B.5.3 Total power supplied to core (input)

CCTF RUN 71 ( CORE OUTLET PRESSURE 1}
O--CTINE  ['71) ~ PROSI40II7L]) A=al TIKE-1 {711 - PTOIRLE (71))

400000 T ) 1 1
_. 880000} .
& N
w %0m000 .
[+ 4
=]
(72 ]
0
[Th]
[« 4
8 pxonoo |- i
1 l 1 1
200900 5 120 ) T 280 00
TIME ( 8§ )

Fig. B.5.4 Core outlet pressure (input)
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RUN 71 (CLAD TEMP. RLONG R HIGH POWER ROD] ELV=0.38 N
@--{TIME  (71) - RWO3010B(T1]) A--( TINE-1 (71) - TE3LY13 (T1))

1300 , \ : :
© 0.380
)"
& 180} -
1]
=]
Ll
=2
2 e | .
[
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L}
- 9
r
]
o e | -
= .
[ =]
[+ 4
@ -5 A
| ] | 1
300 g, 87 197 187 237 287

TIME ( 8 )

Fig. B.5.5 Clad temperature at elevation of 0.38 m

along an average power rod

RUN 71 ( HV & HL ALONG R HIGH POWER ROD ) ELY = 0.38 M

@--{ TINE t71) - FLOSOL [71)) &—=[TIME (713 - FYO0s03% (71)}
4=-{TIMNE-1 [71] = HTERIY13{71))}

-
o —o+ TEH— at L G
o
]
T o 0.380
>~ A 0.380
4
.  RO0 ]
—
=
1]
=y
Q
o [ -
= 100
Ty
i
[=]
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z —-. - ——
1 op - Y S S ~h o e ]
[V
[7p ]
2
@
=
’—
- ] ] I I
= -10gy 1] 187 187 m 187
£ TINE ( 8 )

Fig. B.5.6 Heat transfer coefficient at elevation of 0.38 m

along an average power rod
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RUN 71 (CLRD TEMP. ALONG # HIGH POWER ROD) ELV=1.015 M

O--1 TINE [71) - ReQHO1O6{7L}) & TIKE-1 (71) - TERIYIE (71})

1300 T Y T T
o 1.018

x
l’."! 1060 |- ~
ud
a
w
5
[ 800 |- N
o
4
(11
o
b -
g
N I S i
g \% -
8 _

) - & 2\ D FoN

anu )| | L ]
a7 a7 187 187 287 287

TINE { &)

Fig. B.5.7 Clad temperature at elevation of 1.0l5 m

along an average power rod

RUN 71 { HV & HL ALONG A HIGH POWER ROD ) ELV = 1.016 M
G--ITINE  (71) - FLO301 [71)1 A——(TINE (713 - FV0301 (711}
+--CTIME-1 {71) - HTESIYI6(71})

b 4 . 1
~ ana T 04 |8: T =T & T &
S [
. o 1.08
E A 1.01B
x
_ 200 )
e
x=
[TV ]
f ]
-t e
= 100
L
]
O /\is o

~ - BRI N — -
Y S s .
[V
[ 1)
=
[+ 04
[+ 4
'—

1 H J 1

e mig 9 187 187 287 a7
= TIHE ( 8§

Fig. B.5.8 Heat transfer coefficient at elevation of 1.015 o

- along an average power rod
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ROD TEWPERATURE (DEG—K}

Fig. B.5.10

HERT TRANSFER COEFFICIENT { W/M=a2/K )

JAERI-M 93—032

RUN 71 (CLAD TEMP. ALONG R HIGH POWER ROD) ELV=1.83 M

O-—({TINE  (71] - Re03010B{71) &—(TENE-1 ('71) - TES1YIT (M)}
1800 T T T T
© 1.8%0
1056 |- A
g0 - -
560 ] .
\\9—h————{}Lm-—_ﬂﬂh-unﬁﬁ/zr/\—
|
$ A - 45
1 1 | 1
30y, 97 187 187 1Y) 187
TIME { 81
Fig. B.5.9 Clad tewmperature at elevation of 1.83 m

along an average power rod

RUN 71 ( HV & HL ALONG A HIGH POWER ROD ) ELV = 1.83 H

O-—{TIME (71} - FLOSDL (7113 A——(TINE  [71) - FYORDL (71N}
#-—(TIKE-1 17E} - HTE31YLTIT711)
800 —S— r2a &t } -G
/
Vs o 1.820
/ A 1.8%0
/
go0 | / R
' f
{
!
}
i
ip0 -, -1
/A
1
] A\ \ .
I v -".\\ o ‘\-..-"_"-'—-”_'_-"-'.‘
S See AT |
t -
_10 [l L | 1
"% 8 187 187 "E87 287
TIME (&8 1]

Heat transfer coefficient at

along an average power rod
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ROD TEMPERATURE {DEG-K)

Fig. B.5.12

HEAT TRANSFER COEFFICIENT { W/Mam2/K )

JAERI-M

893—032

RUN 71 (CLAD TEMP. ALONG A HIOH POWER ROD) ELV=2.44 M

O-<( TIHE

171) ~ ReD3C10BI71}

) &——[ TINE-1

(71) - TEALYIA (71 1)

1300 : : : :
O 2.440
1080 |- ]
so0 | -
e e s el T
550 qink } |
|
| Z/JBJI\L
® 8 & A, a0 20
B0 a7 187 Ta7 87 247
TIME [ § 1

Fig. B.5.11

Clad temperature at elevation of 2.44 m

along an average power rod

RUN 71 ¢ HV & HL ALONG A HIGH POWER ROD ) ELV = 2.44 M

m~-{TINE  (71) — FLOSDL (7i}) &——CTIHE (743 - F¥O30L (T1))
+-—{TIME-1 (781 - HTEFIYIBLTLH)
200 T43 32 y & = g—®
I
{ O 2.440
f A 2.440
200 } / -
/
N /
VAN
1~ / -* /
I I\ I =4
I
1w P 3=f J
rfﬂa Y4
I Y ,A‘—"\~ " N ol = = e e e el =
/ \‘_',/ ~, F' \
/ - .
op 4
-10 1. I . ] !
% 7 197 187 87 07
TIME [ §)

along an average power rod

— 168

Heat transfer coefficient at elevation of 2.44 m



JAERI-M 93032

RUN 71 (CLRD TEMP. RLONG R HIGH POWER ROD) ELV=3.06 H

O-—( TIKE {75) ~ RsDICIOBL71]) A== FIME-1 171) - TEBIYIA (71))

71800 T ) T T
o 3.0BD
x
CL 1080 s
Ll
[an ]
[LB]
X
[ 800 i
= _
[+ 4
(T3]
a.
X
ul
a &50 P N
&2 N
oz
6 ¥ <A 4
auu L 1 1 L
7 87 . ¢ Y 187 87 87
TIHE ( 8 ) :

Fig. B.5.13 <Clad temperature at elevation of 3.05 m

along an average power rod

RUN 71 { HV & HL ALONG R HIGH PCWER ROD ) ELV = 3.05 H
O--ITINE (71} - FLOSO1 (71)) A—(TINE  171) - FYOSOL (71D}
+-—(TIHE-1 (741 - HTE3IYIR(TLN)

g 00 e - -
a © 3.060
E A 3.080
I .
_ ®oo | -
= N
] i\
- T
3 " A |
i 100 | i o A
18] ‘\‘ TN ~ R weelion e e
: -
- tlg! el
u_l -
L.
[22]
&
[+ 4
-

L L i 1
= 0 87 187 187 17 7
Lel
! TIME [ 8

Fig. B.5.14 Heat transfer coefficient at elevation of 3.05 m

along an average power rod

—169—



JAERI-M 83032

RUN 71 vOID FRACTION ( 0.00 - 0.61 M )
O--ITINE - (71) = RLPI (7111 &~-[TINE-1 (71} - LTOZROEV{71)}

1.0063 1 | — T T
0.76
=z
o
| o ]
- |
o |
£ osf
w |
=
o
> }
0.26 {-|
|
|
i
\
\n ] al . re re
& a‘:a iy 187 oe8T [T}

TIME ( § )

Fig. B.5.15 Average void fraction between 0.00 and 0.61 m

RUN 71 VOID FRACTION ( 0.61 - 1.22 H ]
@--(TIKE (711 - ALPZ (7113 &——(TIME-1 [71) - LTD2RGEVI71)}

1.00

.76

0.50

VvBID FRACTION

TIME ( 8 )

Fig. B.5.16 Average void fraction between 0.61 and 1.22 m
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RUN 71 VOID

O-={ TINE

JAERI-M

7

93—-032

'FRACTION { 1.22 - 1.8 M)
71 - ALPS

11) A== TINE-1

{71} - LTO4RGEVIT1))

1.00
h.vs f
= : \ ’i
= \ j
- ! i
(¥ \ {
& 0.60 \ f {
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[l \ ] l’ 1 1
31 87 £ 187 2387 107
TIME ( 8 )

Fig. B.5.17

RUN 71 VOID FRACTION ( 1.88 - 2.44 H )

(711 - LTOBRAEY(71))

o[ TIRE

[71) - RLP4

(711} &~~f TIME-1

Average void fraction between 1.22 and 1.83 m

0.75
- \
[ o]
= 1
(8] \
& 00 f \
L. 1
(=] \
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=
-

0.28 |-
L L} ] 1
& 87 137 107 157 787
TIME [ & )

Fig. B.5.18 Average void fraction between 1.83 and 2.44 mw
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RUN 71 YOID FRACTION ( 2.44 - 3.06 N )
®-~{TINE  (71) - ALPE (7113 A=-(TIKE-1 (71} - LTOBRQEY(TL1}

1.00(

0.75
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b ]
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g .
oz 0.50 |- §
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-
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0.2B |- !

1 i | L
& T 187 107 27 287

TIME [ § )

Fig. B.5.19 Average void fraction between 2.44 and 3.05 m

RUN 71 vOID FRACTION ( 3.06 - 3.66 M )

O--l TINE (71) - ALPB {71}) &——(TIME-L (T71) - LTOTRABV(T7I}]

1.00 Gi—pr—yr
\
\
2
\
0.76 |-
=
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L
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>
0.5 |- i
[ | 1 L
) 87 187 187 237 za7

TIMNE { § )

Fig. B.5.20 Average void fraction between 3.05 and 3.66 m
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TIME STEP SIZE ( § )

CPU TIME ( § )

JAERI-M §3—032

CCTF RUN 71 { TIME STEP SIZE )
@--(TINE  (7%) ~ swODELT (711)

0.100 (& , l . :

0078

|

0060 )
n.028 }-
% 5% a0
TINE ( 8 )

Fig. B.5.21 Time step size

CCTF RUN 71 ( CPU TIME )
m-—{ TINE t11t - wwOCPU [T11]

4000 ; . . ,

000 r

1000

0 Td 7 W ey
TINE { 8 )

Fig. B.5.22 CPU time
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(6) SCTF Flat Power Test (Run 619)
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SCTF RUN 818 ( CORE INLET MASS FLOW RATE )

@--1 TIHE 818 - MLO1DID] A19) &--{TIME-1 818 ~ BOCIN 819)
20.0 ! ! T
Q 16.0
S .
X
=
[ ot 10.0f-
ae
x
(=}
-
L.
“g_ 6.0 |-
@ A
b = i
{
o
up:‘ 1A . ! I
T 240 asd 400 800
TIME ( 8 )

Fig. B.6.1 Core inlet mass flow rate {input)

SCTF RUN 618 { CORE INLET FLUID TEMPERATURE )

t--{ TINE §18 - TLO101D1 BiB! 4--[{ TINE-1 B1B - TRCRIN g18)

450 T T T T

436 |-

400

a7 -

FLUID TEMPERATURE ( K 1}
iiiP

L Il
853 1] 120 240 200 480 800

TIME ( 8 )

Fig. B.6.2 Core inlet fluid temperature (input)
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PORER ( W

JAERI-M 93-032

8CTF RUN B18 { TOTRL POHWER )

©-—t TINE 519 - RPOIDL  818) A--(TINE-1 618 - KTOTAL  818)
FETLLLL] — r . v
7600000 - -
[
5000000 |- ]
LECO000 |- 7
n L Il L L
0 120 g40 380 400 &00
TIME { § )
Fig. B.6.3 Total power supplied to core {(input)

PRESSURE { PR )

§CTF RUN B18 ( CORE OUTLET PRESSURE )

O-—( TIHE €18 - PR1301  BlE) A--(TIHE-1 818 - PTDIGS  B1S)
$E0000 ; , , ,
800000 {- -
260000 {- -
200000 7
i H L 1
160000 T 40 380 200 1]
TIME { 8 )
Flg. B.6.4 Core oputlet pressure (input)
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RUN 618 (CLAD TEMP. ALONG R ROD IN BUNDLE 4) ELV=0.110 M

M-=( TIKE 819 - ReD10107 818} &==( TIRE-] Big - TEQI41C Bi9)
1500 . . : :
© 5.110
s _
b 1os0 | .
nl
(o= |
i
=
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= |
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308, 3 7] 1T rYT] 31 B4

TIME (&)

Fig. B.6.5 Clad temperature at elevation of 0.11 m

along an average power rod

RUN 618 ( HY & HL ALONG R ROD IN BUNDLE 4 ) ELV = G.11 H

O--tTINE  Bi - FLOID1 8181 A—~(TINE 818 - FYO101 6181
- +-~(TINE-1 Big — HTC-TEOI 818)
< .
. oo @ & & S = € &
[}
n 0.110

g 0.
< A 0.110
=
_ e | -
[
=
[11]
-
= ,
= o | .
(£,
uJ
= 1 _
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% U
L
w
Z
T
o
-
1l [l 1 L 1 1 L I

e $T i Hais T L TV R T
i TINE (8 )

Fig. B.6.6 Heat transfer coefficient at elevationm of 0.1l m

along an average power rod
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RUN 618 (CLAD TEMP. ALONG A ROD IN BUNDLE 4) ELV=0.620 M

®--{TINE 818 - ReOLD107 618) A-—{ TINE-1 818 - TEO241C  818)
ism T H I I
© 0.820
x
b o} -
m .
o
w
=
= 6o | R
o
.74
[FN ]
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i
= EaE0 ]
0 .
&=
auu L 1 ] L
114 14 814 414 514 L4
TINE (t 8

Fig. B.6.7 (Clad temperature at elevation of 0.520 m

along an average power rod

RUN 618 [ HY & HL RLONG R ROD IN BUNDLE 4 ) ELV = 0.62

O--[TIHE 819 - FLO1O1 8i8) &-={TINE 818 - FyDiOl 6B18)
+--{ TINE-1 612 - HTC~TEOZ #10) :

x
N 200 T Dy & — — t a
S i
a ! o 0.520
S / A 0.520
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| ] L I L :
= 1093 214 814 ald B14 014
w TIME { 81

Fig. B.6.8 Heat transfer-coefficient at elevation of 0.520 m

along an average power rod
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RUN 618 (CLAQ TEMP. ALONG A ROD IN BUNDLE 4) ELV=0.860 M

o[ TIME " 818 - REDIGI0T B18) A-—t TIME-~L BiB - TECY¥41C &I}
1800 T T T T
o 0.980
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Fig. B.6.9 ¢clad temperature at elevation of 0.950 m

along an average power rod

RUN 618 ( HY & HL ALONG A ROD IN BUNDLE 4 ) ELY = 0.86 H

@--(TIKE 818 ~ FLOID!l  B18) A--ITHHE Bi8 - FYD101 BI8}
+-=[ TINE-1 818 = HTC-TED3 B818)

S om0 a . — P .
-]
H © 0.950
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=
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—
x
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o
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=
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Fig. B.6.10 Héat transfer coefficient at elevation of 0.950 m

along an average power rod
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RUN 618 (CLAQ TEMP. ALONG A ROD IN BUNDLE 4) ELV=1.380 M

B--( TINE 818 - Ra010107 818} A—-(TINE-L 818 - TED441C B818)
1300 - , , ;
© 1.380
*
ch om0 4
111 ]
o
il
&
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= gso 4
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= 4
dh—T} - i naenf sl &
aun { N 1 ] 1
114 214 814 314 514 914
TIME [ 8§}

Fig. B.6.11 Clad temperature at elevation of 1.380 n

along an average power rod

RUN 618 { HY & HL ALONG R ROD IN BUNDLE 4 ) ELY = 1.38 N

Q--{ TINE 6818 -~ FLO1O!  B18) &-~{TINE 819 - FVD101  818)
+--(TIKE-] B18 - HTC-TEQ4 818)

300 G & i} $ f%

J @ 1.380
A 1.580

£

-+

io0

L]
Nl Ve el e S NS U ' N ——— ..,,T
] | |
1994 4 14 34 4 B4

HEAT TRANSFER COEFFICIENT [ W/Mmm2/K )

TIME (8

Fi B.6.12 Heat transfer coefficient at elevation of 1.380 m

=
)]

along an average power rod
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ROD TEMPERRTURE (DEG—KI

HERT TRANSFER COEFFICIENT { W/Mmm2/K )

v
'-l

oG
=

JAERI-M ©3—032

RUN B18 (CLAD TEMP. ALONG A ROD IN BUNDLE 4) ELV=1.736 M

O—{ TIHE 818 - Rm010ID7 B18) A-—(TIME-1 818 - TEDG4IE 6818}

1300 T T T T

o 1.738

1060 -

1

so0

. _

t | | 1
800,,2 T4 94 I 14 4

TIME ( &)

Fig. B.6.13 Clad temperature at elevation of 1.735 m

along an average power rod

RUN 618 ( HV & HL ALONG A ROD IN BUNDLE 4 ) ELV = 1.736 n

O-=1 TINE 618 ~ FLOIDI  B18) A-~{TINE 918 - FY0I01  B18)
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TIME ( 68)
.6.14 Heat transfer coefficient at elevation of 1.735 m

along an average power rod
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Fig. B.6.15 Clad temperature at elevation of 1.905 m

along an average power rod
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O--( TINE Bi§ - FLO1O1 818! &-~({ TIHE 818 - FyY0l01 aig}
— +--t TINE-1 Bi8 - HTC~TEDS Bl@)
X o @ —a e
o™
o
:.: ® 1.008
E A 1.908
x=
200 1 _
~ /
- /
=
wl
-
(&3
[ o ] -
= 100
L.
Lt
o
[ & ] - A -
i —a J
o ) 3
1] | 4
[T
[{p]
-_—
[o o
-4
o
1 L ] d
= -1 e 14 ni T4 a4
L TINE (8 )

Fig. B.6.16 Heat transfer coefficient at elevation of 1.8505 m

along an average power rod
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Fig. B.6.17 Clad temperature at elevation of 2.330 m

along an average power rod

RUN 619 ( HV & HL ALONG A ROD IN BUNDLE 4 J ELV = 2-33 M
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Fig. B.6.18 Heat transfer coefficient at elevation of 2.330 m

along an average power rod
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Fig. B.6.1%9 C(Clad temperature at elevation of 2.760 m

along an average power rod

RUN 8§18 ( HV & HL ALONG A ROD IN BUNDLE 4 ) ELV = 2.76 M
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Fig. B.6.20 Heat transfer coefficient at elevation of 2.760 m

along an average power rod
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Fig. B.6.21 Clad temperature at elevation of 3.190 m

along an average power rod
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Fig. B.6.22 Heat transfer coefficient at elevation of 3.190 m

along an average power rod

— 185 —



JAERI-M 93—032

RUN 618 (CLRD TEMP- ALONG R ROD IN BUNDLE 4) ELV=3.620 M
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Fig. B.6.23 C(Clad temperature at elevation of 3.620 m

along an average power rod
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Fig. B.6.24 Heat transfer coefficient at elevation of 3.620 m

along an average power rod
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Fig. B.6.25 Average void fraction between 0.085 and 0.700 m
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Fig. B.6.26 Average void fraction between 0.700 and 1.365 m

— 187 —



JAEEI-M 93-—032
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Fig. B.6.27 Average void fraction between 1.365 and 1.%05 m
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Fig. B.6.28 Average void fraction between 2.030 and 2.570 m
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Fig. B.6.29 Average void fraction between 2.695 and 3.235 n
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TIME STEP SIZE ( § 3}

CPU TIME ( § )

JAERT-M 93032

SCTF RUN 618 ( TIME STEP 8SIZE )
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Fig. B.6.30 Time step size
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Fig. B.6.31 CPU time
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