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ABSTRACT

Thermal behavior of the reference DUPIC fuel has been assessed. The DUPIC fuel

bundle has been modeled for a subchannel analysis using the ASSERT-IV code which

was developed by AECL. From the calculated mixture enthalpy, equilibrium quality

and void fraction distributions of the DUPIC fuel bundle, it is found that net buoyancy

effect is pronounced in the central region of the DUPIC fuel bundle when compared

with the standard CANDU fuel bundle. It is also found that the central region of the

DUPIC fuel bundle can be cooled more efficiently than that of the standard fuel bundle.

Based upon the subchannel modeling used in this study, the location of minimum

CHFR in the DUPIC fuel bundle has been found to be very similar to that of the

standard fuel. From the calculated mixture enthalpy distribution at the exit of the fuel

channel, it is found that the mixture enthalpy and void fraction can be highest in the

peripheral region of the DUPIC fuel bundle. On the other hand, the enthalpy and the

void fraction was found to be highest in the central region of the standard CANDU fuel

bundle at the exit of the fuel channel. Since the transverse interchange model between

subchannels is important for the behavior of these variables, it is needed to put more

effort in validating the transverse interchange model. For the purpose of investigating

influence of thermal-hydraulic parameter variations of the DUPIC fuel bundle, fdur

different values of the channel flow rates were used in the subchannel analysis. The

effect of the channel flow reduction on thermal-hydraulic parameters have been

presented. This study shows that the subchannel analysis is very useful in assessing

thermal behavior of the fuel bundles in CANDU reactors.
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1. INTRODUCTION

Subchannel technique is known to be very useful for investigating the thermal behavior

of a fuel in nuclear power reactors. The subchannel analysis of a fuel bundle normally

yields detailed thermal-hydraulic information of local flow field which can be utilized in

assessing thermal margin of the fuel. Moreover, the results of subchannel analysis can

be a valuable feedback to the neutron physics design of new fuel.

The essence of the subchannel analysis is that the local behavior of the coolant may be

specified by one of the side or center subchannels. When choosing subchannels, it is

important to select the right size. If we use subchannels that are too small, then we

must consider the details of the two-phase microstructure, a task that is beyond the

current state-of-the-art. On the other hand, if the subchannels chosen are too large,

then local conditions around the fuel rod of interest are not accurately predicted. The

most reasonable subdivision is a compromise and normally involves drawing the

subchannel boundaries at the minimum rod-to-rod and rod-to-wall gaps. The

assessment of thermal behavior of fuel bundle by using subchannel analysis computer

code strongly depends on modeling methods of the mass, momentum and energy

exchange between subchannels. The transverse interchange model is based upon the

hypothesis of the equilibrium void profile in the fuel bundle which was used for the

LWR fuel design analysis. Since the fuel channel of the CANDU reactor is horizontal,

the equilibrium void profile may be quite different from that of the vertical flow in the

LWR fuel bundle. Therefore, this should be the most important consideration in

subchannel modeling of the CANDU fuel channels.

In this study, ASSERT-IV is used for subchannel analysis of the DUPIC (Direct Use of

spent PWR fuel In CANDU) fuel bundle strings. The idea of DUPIC is to fabricate

fuel directly from the disassembled spent PWR fuel and to load these in the CANDU

reactors. At present, the DUPIC fuel adopts the 43-element fuel bundle geometry

which recently underwent design basis safety analysis (Oh, 1997). Using the reference

DUPIC fuel design parameters (Choi, 1997), mixture enthalpy, void fraction,

equilibrium quality distributions in the subchannels of the DUPIC fuel have been

calculated by the ASSERT code. The radial and axial distributions of these parameters

in the DUPIC fuel bundle are compared with those of the standard CANDU fuel bundle

(i.e., the 37-element fuel bundle). The minimum CHF ratios of fuel rods along the fuel

bundle string are also compared between two fuel types. For the purpose of

investigating influence of thermal-hydraulic parameters on the thermal behavior of the

DUPIC fuel bundle string, reduced values of the channel flows were used. The effect

of the channel flow reduction on different thermal-hydraulic parameters have been

6
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presented. It is suggested in this report how to employ the subchannel analysis in

assessing the DUPIC fuel bundle realistically.

2. THE ASSERT CODE

The ASSERT subchannel code was developed to address the computation of flow and

phase distribution within subchannels of CANDU fuel bundles. Unlike conventional

subchannel codes such as COBRA, which are designed primarily to model in vertical

fuel bundles, and use a homogeneous mixture model of two-phase flow, ASSERT uses a

drift-flux model that permits the phase to have unequal velocities. ASSERT includes

gravity terms that may make it possible to analyze separation tendencies that could

occur in horizontal flow (Park, 1994). During its developmental stage (Kiteley, 1994),

computational results of the ASSERT code were validated against the real scale 37-rod

bundle data. One may refer Table 1 for the ASSERT code validation issues.

The thermal-hydraulic modeling equations used in ASSERT were derived from the two-

fluid formulation. Like COBRA-IV computer code, the ASSERT code is based upon

subchannels which are divided axially into a number of control volumes that

communicate axially with neighbors in the same subchannel and laterally across

fictitious boundaries (gaps) with control volumes in neighboring subchannels. The

closure relationships for the governing equations used in ASSERT include the equation

of state and relative velocity relationship, fluid friction, wall heat transfer and the

thermal mixing to primary variables, phasic flow velocities, densities, enthalpies and

pressure.

2.1 Models for Transverse Interchange

The relative velocity is induced by cross-section averaging, net gravity separation and/or

the turbulent diffusion of void both between neighboring channels and towards a

preferred phase separation pattern. The transverse interchange phenomenon between

subchannels is quite complicated and difficult to decompose into more elementary terms.

Nevertheless, they were decomposed into three components in models being used in

subchannel codes:

1. flow diversion due to imposed transverse pressure gradients

2. turbulent (eddy diffusivity) mixing that occurs due to stochastic pressure and flow

fluctuations

3. "void drift" due to strong tendency of two-phase system to approach equilibrium

conditions.
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Table 1. ASSERT Code Validation Issues

Phenomenon Short Description

Convective

Heat Transfer

Single-phase(liquid or vapour) forced and free convection hea

transfer between solid and fluid by conduction and turbulent edd)

diffusion across a thermal boundary layer

Pre-CHF Boiling

Heat Transfer

Results from two mechanisms (a) nucleate boling and its onset

heat transfer due to sustained bubble nucleation on a heated surfac

under subcooled and saturated conditions, and (b) forced

onvection vapourization - heat transfer by conduction and

turbulent eddy diffusion across a liquid film on a heated surface and

by evaporation from the liquid film. Nucleate boiling can

dominate under low quality, high wall superheat conditions

whereas forced convection vaporization can dominate under high

quality (annular flow) conditions when nucleate boiling is largel)

suppressed because of insufficient superheat. Both modes resul

in very high heat transfer rates.

Dryout(CHF) Abrupt increase in the wall temperature of a heated surface caused

by a deterioration in the heat transfer rate as a result of (a) the

formation of a vapour film due to bubble coalescence under low-

quality (subcooled or saturated) conditions (i.e. DNB = Departure

from Nucleate Boiling) or (b) dryout of liquid film under high

quality, annular flow conditions.

Transition

and Film Boiling

Heat transfer (a) across the vapour film, following DNB and (b) in

the dispersed liquid particle regime, following dryout of the liquid

lrm.

Quench/Rewet Heat transfer from hot surfaces (sheath, pressure tube) to two-phase

vapour and liquid under varying flow and power conditions (i.e.

rewet after CHF, refill during ECCI)
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Phenomenon Short Description

Intersubchannel

Single- and Two

Phase Mixing

Mixing resulting from the eddy diffusion of mass, momentum am

thermal energy between adjacent subchannels. Because turbulen

nterchange is caused by random flow fluctuations, there is no ne

exchange of mass under single-phase flow conditions since the fluid

density in neighboring subchannels is equal. However, a ne

transfer of mass can occur under two-phase conditions where th<

void fraction, and hence mixture density, in adjacent subchannel

differs in magnitude.

Intersubchannel

Turbulent Flow

Scattering

Non-directional, single- and two-phase thermal mixing caused b>

ocalized obstructions such as end plates, inter-element spacers anc

bearing pads. This is in addition to mixing caused by diversion

crossflow, which results in a mass exchange between interconnected

subchannels as a result of local blockages due to non-uniforrr

obstructions such end plate webs at bundle junctions.

Intersubchannel

Diversion Cross

Flow

Net mass exchange of single or two-phase fluid between adjacen

subchannels as a result of transverse pressure gradients induced b)

gradual or abrupt axial variations in the cross-sectional distribution

of surface heat fluxes, and of flow areas and subchannel equivalen

diameters.

Phase Separation ntersubchannel gravity phase separation occurs as the result o

ocal density differences between the liquid and vapour in a two

phase mixture. The extent of phase separation depends not only on

his density difference but also on turbulent eddy diffusion of void

i.e., two-phase turbulent mixing) and void drift between

nterconnected subchannels.

Single-Phase and

Two-Phase

Density-Driven

Flow

Buoyancy-induced, single-phase or Two-Phase flow between

nterconnected subchannels resulting from density variations in the

ertical direction.

Single-and Two -

Phase Wall Shear

and Form Losses

ressure losses due to single- and Two-Phase skin friction along the

imooth part of the bundle and to form drag at bundle junctions and

appendages.
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Phenomenon Short Description

Radiative

Heat Transfer

Element-to-element and element-to-pressure tube radiative heat

transfer under high-temperature conditions, with absorption by the

coolant neglected.

SS and Transient SS and Transient heat transfer by conduction in the fuel, fuel-to-

iheath gap, sheath and in the pressure tube/calandria tube.

Non-Condensable

Gas Effect

The behavior of non-condensables, such as hydrogen and/or air

with vapour and their effects on condensation and Zircaloy/steam

and Zircaloy by steam or air.

Zirc/Steam and

Zirc/Air Thermal

Chemical

Reaction

The exothermic chemical reaction resulting from the oxidation of

Zircaloy by steam or air.

Fuel and Channel

Deformation

Elasto-plastic deformation of fuel sheaths, bundles and pressure

ube under low-and high-temperature conditions- (a) slow, low-

temperature (NOC)sheath deformation due to fuel swelling and/or

fission gas pressure, and pressure tube deformation, including

thermal bowing, bundle slumping, and pressure tube deformation

under off-normal and LOCA conditions.

"ounter-

"urrent Flow

The flow vapour and liquid phases in opposite directions. It can

occur laterally between interconnected subchannels, as a result of

phase separation, and axially, during the refill phase of LOCAs.

Waterhammer The mechanical effects of a pressure wave that travels back and

brth in a piping system at the speed of sound. The pressure wave

can be caused by(a) a sudden change in velocity due to value

closure/opening, pipe rupture, etc., in a liquid-filled system or (b)

the sudden acceleration of a liquid column resulting from the

condensation of a hot vapour pocket by subcooled liquid.

•low Oscillations Flow oscillations resulting from flow perturbations under two-

phase conditions are primarily of the "density wave" type. Such

oscillations are characterized by a period that is about the same

order of magnitude as the time required for a density wave to travel

hrough the channel. This period is approximately 1 to 2 times

he time required for a fluid particle to travel through the channel.
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The transverse interchange models of the ASSERT code are based upon this partition.

The so-called void diffusion includes the second and the third effects. The second

effect can be modeled by the classical Reynolds stress term. Unfortunately, however,

it is known that the turbulent mixing alone fail to produce the required results since

infinite turbulent mixing implies that subchannel void fractions must be the same for a

finite value of crossflow while the observed void distribution is a nonuniform

equilibrium distribution. Therefore, it was hypothesized that net two-phase turbulent

mixing is proportional to the nonequilibrium void fraction gradient. This hypothesis

implies that there is a strong trend toward the equilibrium distribution and that when this

state is achieved, the net exchange due to mixing ceases. In the ASSERT code, the

phasic relative velocity can be induced by two effects which are the mixing and the net

buoyancy. It should be noted that the equilibrium void distribution in a horizontal

channel may be different from that in a vertical channel. The net buoyancy effect was

claimed (Carver et al, 1995) to be taken into account by using the drift flux model.

In CANDU reactors, gravity influences the crossflow since the direction of gravity is

perpendicular to the channel flow. The turbulent interchange between subchannels in

the CANDU fuel channel may be similar to that in vertical flows (Park, 1995).

However, since the quality at the exit of CANDU fuel channel can be greater zero, the

void drift can be promoted and the net buoyancy may make preferential direction in the

transverse exchange. Since, in two-phase flow of subchannels, not only the energy and

the momentum exchange but also the mass exchange occur between subchannels (Lahey

and Moody, 1993), the equal volume exchange concept is applied in the ASSERT code.

It should be noted that the effect of the transverse exchange is diminished when the

mass flow is large. The transverse interchange model could affect the location of CHF

in the fuel bundle significantly in the fuel channel of CANDU reactors (Dam et al.,

1994).

2.2 Numerical Solution Method

The numerical solution of ASSERT-IV can be subdivided into two parts: The first part

solves the energy and the state equations using block iterative method to calculate the

mixture and phasic enthalpies for all subchannels using the current estimates of flow.

Once the energy equation solution inner iteration converges, the second part calculates

the flows and pressure gradients at that axial position which can be done by direct

matrix solution of the crossflow equations. With this information, axial flows and

pressures can be calculated. Both parts are repeated once to ensure a higher level of

II



KAERI/TR-938/97 PROTECTED-Proprietary
DUPIC Project

convergence of both energy and flow solutions prior to moving to the next axial position.

The channel is successively swept from the inlet to the exit. This outer iteration

continues until convergence is achieved, or until an iteration limit is reached.

Successful completion could yield a steady-state solution, or one time-step of a transient

solution. The solution scheme works with either a flow boundary condition or a

pressure boundary condition.

2.3 CHF Correlations

The AECL's CHF prediction totally depends on the look-up table which has been

developed from many CHF databanks. These databanks include not only the water-

cooled bundle-CHF data but also the freon- cooled bundle-CHF data. The CHF look-

up tables have been developed by smoothing and interpolating (with some

extrapolations) the experimental data to construct a practically useful CHF table.

Therefore, the table look-up method has advantages of accuracy and consistency in a

wide range of thermal-hydraulic parameters. It seems, however, that since the existing

look-up table has been constructed by many steps of modifications to the original

experimental data (e.g., the look-up table is constructed not only using the horizontal

flow data but also the vertical flow data), one should be very careful when one is trying

to generate a look-up table for other fuel geometries. In other words, reliable look-up

table can be constructed by performing experiments for new fuel geometry (Park and

Roh, 1997). Unfortunately, however, since a valid CHF data other than the 37-element

fuel is not available. The CHF prediction in the ASSERT code is performed

subsequent to flow distribution calculation by using one of CHF correlations such as

BAW-2, W-3, Whalley's, etc. or the AECL's CHF Table. It is known (Groeneveld,

1995; Lahey and Moody, 1993) that prediction of CHF can be more accurate if local

variables are used. Applicable options in the ASSERT code are an extension of the

mechanistic film boiling models and the CHF table method (Leung and Groeneveld,

1990; Leung et al., 1998). When the CHF look-up table is used, calculated values of

the local thermal-hydraulic variables may not be fully utilized in predicting the CHF

value.

3. SUBCHANNEL MODELS OF THE DUPIC FUEL BUNDLE

3.1 Subchannel Models

Half bundle subchannel models for the DUPIC and the standard CANDU fuel bundles
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are shown in Figure 1. The CANDU standard fuel was modeled for the purpose of

comparison. Since gravity is perpendicular to the direction of channel flow in

CANDU reactors, at least a half of the bundle should be modeled for the subchannel

analysis. The model for the DUPIC fuel bundle includes 23 powered rods and 35

subchannels. It should be noted that a slight difference is expected between different

rotations of fuel bundles in the fuel channel since the half symmetry can not be

conserved for the other rotations. It is known that in general, for the 37-element fuel

bundle string, minimum CHFR occurs at three fourths of the fuel channel length from

the inlet and at upper subchannels in radial direction. On the other hand, this is not

necessarily true for the 43-element fuel (Groeneveld, 1997).

3.2 Power Distribution

The ring power distribution of the DUPIC fuel bundle rod has been obtained from the

DUPIC reference fuel design which is based upon the time-average refueling simulation

calculation. The fuel composition data was used in the WIMS-AECL code to produce

the lattice parameters and the resulting ring power ratio of the reference DUPIC fuel is

shown in Table 2. The cosine shape is used for the axial power distribution of the fuel

channel. Further details of the neutron physics design of the reference DUPIC fuel is

reported by Choi (1997). It should be noted that the ring power distributions of the

DUPIC fuel is that of the fresh fuel condition, which can be considered to be the most

severe condition during the burnup history of the CANDU core loaded by the DUPIC

fuel.

Table 2. Ring Power Ratio of Standard and DUPIC Fuel Bundles

Standard Fuel

DUPIC Fuel

Ring 1

.761

.4985

Ring 2

.805

.8567

Ring 3

.921

.8193

Ring 4

1.131

1.192

4. RESULTS AND DISCUSSION

The operating conditions and thermal-hydraulic parameters of the fuel bundles used in

the simulations are shown in Table 3. It should be noted that the some values appeared

in Table 3 are for half of the fuel bundle. For the purpose of valid comparison between

two fuel types, the channel average mass flux and the average heat flux of DUPIC fuel

13
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have been adjusted to yield the same mass and energy input/output for the fuel channel.

By doing this, for specified the values of channel average mass and heat fluxes, the

difference in the flow areas between two fuel bundles can yield the equivalent energy

balance for the coolant. It will be shown later that the bundle average quality profile

between the two fuel types can also be matched along the fuel bundle strings.

Table 3. Fuel Parameters and Operating Conditions Used for Subchannel Analysis

Flow Area [m2]

Heated Perimeter [m]

Wetted Perimeter [m]

Avg. Mass Velocity [Mg/m2-s]

Avg. Heat Flux [MW/m2]

System Pressure [MPa]

Inlet Temperature [Degree C]

Inlet Enthalpy [KJ/KG]

Standard Fuel

.0176

.7603

.9236

5.00

1.100

DUPIC Fuel

.0180

.8018

.9641

4.89

1.043

10.0

260.0

1095

4.1 Exit Enthalpy and Void Distribution

The calculated mixture enthalpy at the exit of the standard fuel channel is shown in

Figure 3. If we consider the subchannels neighboring the central fuel rod, the mixture

enthalpies in the upper subchannels is consistently higher than those in the lower

subchannels. Since the fuel rod powers of the Ring 2 are identical, we know from this

result that, qualitatively, the ASSERT-IV code may take into account the gravity effect

properly. This fact was confirmed from the subchannel-wise density distribution

which is not shown here. It is clear that this type of non-uniform enthalpy distribution

is impossible for the flow through a fuel bundle used in LWRs where the fuel bundles

are vertically loaded. As can be seen, the mixture enthalpy in the upper peripheral

region of the bundle is higher than the lower region due to gravity. In this simulation,

the bundle average quality and the void fraction at the exit of the fuel channel were

found to be 0.23 and 0.77, respectively. The subchannel where the mixture enthalpy is

highest has been found to be in the central region of the fuel bundle as shown in Figure

3. However, this may not be necessarily true near the location where the CHF occurs.

In contrast, for the DUPIC fuel bundle, as shown in Figure 4, the subchannel where the

mixture enthalpy is highest has been found to be the upper part of the fuel bundle at the

channel exit. It is not clear at this moment why this different tendency in the radial

14
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enthalpy distribution between two fuel bundles occurs at the high void fraction regime

(i.e., at the exit of the fuel channel). It is interesting to note, however, that the mixture

enthalpy of subchannels around the center fuel rod of DUPIC fuel bundle is much less

uniform than the standard fuel case as shown in Figures 3 and 4. Based upon this

result, it is a concern that the radial flow distribution can be aggravated due to the

pronounced net buoyancy effect in the DUPIC fuel bundle.

The radial void distributions at the exit of the fuel channel are shown in Figures 5 and 6.

From these Figures, the tendency of void migration in the upper region of the fuel

bundle is clear and the void fraction in the central region is highest for the standard fuel

bundle, while the void fraction is highest in the upper region of the DUPIC fuel bundle.

Actually, in these simulations, the CHF locally occurs before the exit of the fuel channel

(which will be shown in the next section), where some rods in Ring 4 (as shown in

Figures 7 and 8) hit the CHF condition already. Therefore, the void distribution at the

exit of the fuel channel may not be directly related with that near the CHF location in

the fuel bundle. From this view, as pointed out previously, the CHF should be

predicted by local parameter based correlations to obtain more accurate values. From

the results shown in Figures 7 and 8, we may find radial CHF locations in the DUPIC

fuel bundle is similar to those of the standard fuel bundle.

4.2 Axial Distributions of Thermal-Hydraulic Parameters

The pressure drop profile of the standard and the DUPIC fuel channels (i.e., 1/60 of the

fuel string length) have been plotted in Figure 9. As can be seen, the pressure drop

profile shows small ripples which is from the spacer of the fuel bundle and the trend of

the pressure drop is considered to be corrected. The reason why the DUPIC fuel

bundle has lower pressure drop than the standard fuel may be because the flow area of

the DUPIC fuel bundle is larger as shown in Table 3. It should be noted, however, that

the relative difference in pressure drops between two fuel types are considered to be

constant along the fuel channel while the magnitude of the absolute difference is

decreasing.

As discussed earlier in this chapter, the overall energy balance is adjusted to be the same

for the two fuel types, that can be confirmed by results shown Figures 10 and 11. The

bundle average equilibrium quality has been calculated and plotted against the axial

distance in Figure 10. As can be seen, there is no difference in the bundle average

quality distribution between the two fuel types, as expected. For the axial void fraction

profile as shown in Figure 11, we may not find significant difference between two fuel

15
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types. It is interesting to note that the locations where the bulk boiling occur are the

same for the two fuels too. Since these are bundle average values, it is not clear

whether the same is true for each subchannel.

The axial distributions of the central fuel rod wall temperature, however, were found to

have a significant difference specially in the subcooled region. As shown in Figures

10 and 11, since the bundle average mixture quality and the void fraction are the same

for the two fuel types, we may conclude that heat transfer in the central region of

DUPIC fuel bundle is enhanced. It should be noted that this wall temperature

difference can be caused from significant fuel element power difference shown in Table

2 if we neglect the effect of transverse enthalpy exchange. From the result shown in

Figure 12, the wall temperature difference is considerably large in the subcooled region

of the fuel channel and diminished as the bulk boiling occurs. This is positive side of

the DUPIC fuel's thermal behavior while negative side is the pronounced net buoyancy

effect as discussed in the previous section. It should be noted here that the crossflow

and the mixing models may influence this local behavior of the coolant significantly.

4.3 Minumum CHF Ratio

To calculate the CHF ratio accurately, we may need accurate estimation of the thermal-

hydraulic parameters in subchannels around the fuel rod. It should be noted that the

CHF correlation or the look-up table have their own uncertainty. Therefore, the CHF

ratio presented in this study has uncertainties from two different sources, that is, from

the subchannel model and the CHF correlation.

In Figure 14, the minimum CHF ratios among the fuel rods at a certain axial elevation

(i.e., MCHFR. census) are plotted against the axial distance from the inlet of the coolant

channel. It can be seen that the DUPIC fuel stays in longer axial region for MCHFR of

less than 1. We therefore find that the flow condition in the DUPIC fuel bundle is

quite different from that of the standard fuel bundle. The difference in the flow

condition could cause, specially near the CHF condition, a dramatic change in the heat

transfer coefficient, in which case the wall temperature excursion of the DUPIC fuel

may be quite different from that of the standard fuel. The result shown in Figure 14

also confirmed that the CHF occurs near the three fourths of the fuel bundle string

length from the inlet of the fuel channel.

4.4 Influence of Channel Flow Reduction

16
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The influence of the coolant channel flow reduction on the DUPIC fuel bundle string

was studied by using four different values of the channel flow rates. As shown in

Figure 14, the bundle average equilibrium quality increases as the channel flow is

reduced. The inception of boiling in bundle average sense (i.e., where the equilibrium

quality becomes greater than zero) moves to the inlet of the fuel channel as the channel

flow is reduced. When the channel flow is reduced to 40% of the nominal value, the

exit region of the channel is completely uncovered as shown in Figure 15. The same

trend was found for the standard fuel which is not presented here. From the results

shown in Figures 14 and 15, the difference in locations of local boiling inception and

the bulk boiling are found to be separated by more than 100 cm away in the DUPIC fuel

string.

The wall temperature of the central fuel rod is shown in Figure 16 as the channel flow is

reduced. The maximum value of the central rod wall temperature does not exceed 320

degrees with the 40% of the nominal channel flow. However, it should be noted that

some fuel rods in Ring 4 already have the wall temperature excursion which can be

deduced from Figure 17. As can be seen in Figure 17, when the channel flow is

reduced, the region where at least one of the fuel rod is under CHF condition is

broadened, as expected. The effect of the channel flow reduction shown in this report,

therefore, seems reasonable. It should be investigated further, however, whether the

local behavior of the flow and the fuel rod during channel flow reduction phenomenon

could be simulated realistically by the ASSERT-IV code.

5. SUMMARY AND CONCLUSION

The thermal behavior of the DUPIC fuel bundle has been assessed by using subchannel

analysis computer code ASSERT-IV. The mixture enthalpy and the density

distributions around the central region of the fuel bundle show clear net buoyancy effect,

which is pronounced in the DUPIC fuel bundle. Further investigation on this effect

should be followed. The locations of fuel rods where the CHF occurs are similar in the

standard and the DUPIC fuel bundles. In fact, the CHF location is known to be very

sensitive to the crossfiow and the void diffusion models used in the subchannel model.

From the result of fuel rod wall temperatures, it seems that central region of the DUPIC

fuel bundle can be more efficiently cooled than that of the standard fuel bundle, which

seems to reflect the intention of the 43-element fuel design. It should be noted that

validity of this analysis strongly depends on the transverse interchange model and the

related parameters so that further effort should be devoted for validating transverse
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interchange model.

Further study should be done in the following areas for valid evaluation of the thermal

behaviors of the DUPIC fuel bundles by using subchannel analysis code:

- Validation of the transverse interchange model and its sensitivity study on the

CHF location and the channel power

- Study on void distribution in horizontal flow channel

- Validation of the non-uniform mixture enthalpy and the density distribution

around fuel rod in the central region of the fuel bundle

- Sensitivity of different CHF correlations amd the look-up table to the CHF

location estimated by ASSERT.

- Influence of operating parameter variations on local thermal-hydraulic variables

Some of tasks listed above may involve experiments of two-phase flow in a horizontal

conduit. Finally, it is hoped that this study would be useful for developing more

realistic subchannel analysis code for CANDU reactors.
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Figure 1. Subchannel Models of Standard Fuel Bundle
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Figure 2. Subchannel Models of DUPIC Fuel Bundle
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Figure 3. Channel Exit Enthalpy Distribution of Standard Fuel Bundle
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Figure 4. Channel Exit Enthalpy Distribution of DUPIC Fuel Bundle
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Figure 5. Channel Exit Void Distribution of Standard Fuel Bundles
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Figure 6. Channel Exit Void Distribution of DUPIC Fuel Bundles
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Figure 7. Location of CHF in the Standard Fuel Bundle
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Figure 8. Location of CHF in the DUPIC Fuel Bundle
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