
DEVELOPMENT OF SUBCHANNEL ANALYSIS CODE MATRA-LMR FOR
KALIMER SUBASSEMBLY THERMAL-HYDRAULICS

WON-SEOK KIM, YOUNG-GYUN KIM XA0055053
Korea Atomic Energy Research Institute,
Taej on, Republic of Korea

Abstract

In the sodium cooled liquid metal reactors, the design limit are imposed on the maximum
temperatures of claddings and fuel pins. Thus an accurate prediction of core coolant/fuel
temperature distribution is essential to the LMR core thermal-hydraulic design. The detailed
subchannel thermal-hydraulic analysis code MATRA-LMR (Multichannel Analyzer for Steady
States and Transients in Rod Arrays for Liquid Metal Reactors) is being developed for
KALIMER core design and analysis, based on COBRA-IV-i and MATRA. The major
modifications and improvements implemented into MATRA-LMR are as follows: a) nonuniform
axial noding capability, b) sodium properties calculation subprogram, c) sodium coolant heat
transfer correlations, and d) most recent pressure drop correlations, such as Novendstern,
Chiu-Rohsenow-Todreas and Cheng-Todreas. To assess the development status of this code, the
benchmark calculations were performed with the ORNL 19 pin tests and EBR-II seven-assembly
SLTHEN calculation results. The calculation results of MATRA-LMR for ORNL 19-pin
assembly tests and EBR-II 91-pin experiments were compared to the measurements, and to
SABRE4 and SLTHEN code calculation results, respectively. In this comparison, the differences
are found among the three codes because of the pressure drop and the thermal mixing
modellings. Finally, the major technical results of the conceptual design for the KALIMER
98.03 core have been compared with the calculations of MATRA-LMR, SABRE4 and SLTHEN
codes.

1. INTRODUCTION

Subassemblies in most liquid metal cooled reactors (LMRs) are surrounded and cooled by
sodium. Sodium thermophysical properties differ from those of ordinary fluids. Compared to
water, the thermal conductivity is 100 times higher, and the boiling point is much higher, about
900 °C at atmospheric pressure. Present core designs of the sodium cooled reactors have many
common points such as the short heated length and the triangular rod arrangement in a
hexagonal duct which forms a closed channel by itself. The main differences from the
thermal-hydraulic point of view are the types of rod spacers: grids or helical wires.

The design of liquid metal reactor cores requires the accurate prediction of the peak
temperatures of the rod and the coolant to ensure that certain economic and safety considerations
will be met. Thus, to achieve a safe and economical design, it is necessary to use reasonably,
rather than extremely, conservative design limits. Many of these relate to fuel, cladding, and
coolant outlet temperatures for steady-state and transient conditions. For instance, no significant
fuel melting is allowed in the fuel, the cladding temperature must also be consistent with
corrosion considerations, the core assembly mixed mean outlet coolant temperature and the
difference in the mixed mean coolant temperature at the exit of adjacent assemblies must be
within allowable limits to ensure structural integrity of the upper internal structures during the
prescribed lifetime, and the sodium temperature must not exceed its boiling point [1].

Since a typical liquid metal reactor core comprises several thousands of fuel pins clustered
in groups of several hundreds of pins per assembly, a complete thermal-hydraulic analysis
requires the knowledge of coolant distributions and pressure losses throughout the core. In order
to ensure that these design bases are satisfied, in the past years many efforts have been made to
in locally important regions as flow blockages.
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Whereas MATRA is designed to handle a wide variety of single and two phase flow
problems for PWR, MATRA-LMR is intended for LMR applications. In this respect,
MATRA-LMR is a modified version of MATRA with three major features. First, sodium
properties correlations are built in the code as a subprogram. Second, correlations of heat
transfer coefficients are changed for sodium coolant. Third, MATRA-LMR has an additional
model for pressure drop correlations such as Novendstem, Chiu-Rohsenow-Todreas and
Cheng-Todreas which are developed for the flow field induced by wire wraps. Figure 1 shows
the MATRA-LMR code development procedure. The following describe the modified features of
the MATRA-LMR code in detail.

2.1. Sodium properties and heat transfer coefficient

In recent years, COBRA-IV-I code, with its various versions, has been widely used in
analyzing the thermal-hydraulic performance of nuclear reactor cores. However, COBRA-IV-I can
not be directly used for LMR cores, because it does not model the sodium coolant.
MATRA-LMR has been developed for the analysis of sodium cooled LMRs. MATRA-LMR has
sodium properties tables in the code as a default subprogram, while it can be still used as in
tabular form.

An LMR needs a high heat transfer coolant in order to exploit the advantage of a tight
arrangement of thin fuel pins. Heat transfer coefficients are higher for liquid metals than for
other fluids because of their high thermal conductivities compared to other fluids. High thermal
conductivity allows heat to be transported far out into the fluid with relatively little resistance.
The consequences of these differences are in the heat transfer correlation for the Nusselt number.
The behavior of Nusselt number (Nu) for liquid metals follows the relation:

Nu = A + B (Pe)c

where Pe = the Peclet number, i.e., Pe = Re Pr.

(1)
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Fig. 1 MATRA-LMR code development procedure
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In the MATRA-LMR code, the switch for selecting the heat transfer coefficient which is
sensitive to boundary conditions and channel shapes, such as Lyon-Martinelli [8], Westinghouse,
and Schad-Modified [9] correlations, has been implemented.

2.2. Pressure drop

The design and safety analysis of LMR requires the accurate predictions of the coolant
velocity and temperature distributions in the core. Numerical approximations of the governing
equations such as energy, momentum, and continuity equations are normally employed to obtain
this information in subchannel analysis code as COBRA-IV-I code.

In MATRA-LMR, basic equations, which describe the properly averaged values of pressure,
enthalpy, and velocity fields for each computational cell, can be derived from the governing
equations just like in COBRA-IV-i. The subchannel codes require some input parameters that
must eventually be supplied through physically based empirical correlations. This is especially
true when attempting to model a complex geometry LMR subassemblies which have helically
wrapped fuel pins.

Most LMR designs utilize wire wraps to space the fuel pins in the hexagonal assembly
channel. The wire wrap spacer system utilizes small wires spiraling around each fuel pin to
position the pins within their hexagonal duct. Because of the complex geometry caused by the
wire wrap, simple equivalent diameter techniques are not sufficient to predict accurately the
pressure drop in the fuel pin region of the reactor. An accurate prediction of the pressure drop
is needed in order that plant parameters may be optimized. Because testing of all possible
configurations is not practical, and the pressure drop in the pin bundle is a substantial portion of
the total plant pressure loss, a method to predict the pressure drop more accurately in fuel
assemblies utilizing wire wrap spacing is required.

COBRA-IV-I has the pressure drop model for smooth pipes with equivalent diameter
techniques. This model is very simple but, however, out of date. In the case of wire wrap
spacing rods, the flow area in central subchannels is the area surrounded by three rods excluding
the area taken up by the wires. Only 50% of the wire area is on the average in that
subchannel. Similarly, the wetted perimeter is the sum of the perimeters of the three rods in the
subchannel plus 50% of the wire perimeters. This is the basic idea proposed by Novendstem.
Based on this idea, new techniques have been developed to improve the accuracy from the
experimental work. The following three pressure drop models have been implemented in
MATRA-LMR, such as Novendstem, Chiu-Rohsenow-Todreas and Cheng-Todreas models.

Novendstern model

Novendstern's analysis [10] took advantage of all the previous methods, together with
experimental data. In this model the wire wrap is accounted for by means of an effective
friction factor. Using the flow conditions for the central subchannel, the pressure drop is
determined by,

AP = M fsmOoft (L/Dei) (pV,2/2) (2)

The multiplication factor, M, is used to get the effective value from the pressure drop calculated
with the smooth tube friction factor. It primarily accounts for the wire lead and fuel pin
pitch-to-diameter ratio,

iv/r _ F 1-034 , 29.7(P/D)6-94(Re)°-08610-885 ,„
M - [ (p /D)o.i24 + (H/D)2-239 J ( J )

The Blasius relation for the friction factor, fsmooth, is applicable for the flow conditions in LMR,
hence,

fsmoo* = 0.316/Re,025 ' (4)
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Chiu-Rohsenow-Tod reas (CRT) model

The average subchannel flow rates for the interior and edge subchannels of wire-wrapped
LMR assemblies are important parameters in the core thermal-hydraulic analysis. The analytic
method evolved by Novendstem cannot predict these parameters accurately enough to yield
reliable assembly coolant predictions. The major drawback of the above method is that they do
not take into account the following two effects in the determination of the subchannel friction
factor and of the subchannel flow split. One of these two effects is the form pressure drop
induced by the wires and the other is the effect of the transverse momentum, which can affect
the determination of the friction factor.

The CRT model [11] represents an improvement over the simpler Novendstern model. The
principal difference is that the CRT model divides the pressure drop across the channel into two
components, one due to friction losses, and one due to form losses from flow perpendicular to
the wire wrap. The CRT model treats the mechanisms responsible for the pressure drop in
greater detail. In the CRT model, pressure drop parameters are derived for channels 1 (interior)
and 2 (edge) only. The values for the corner channels (channel 3) are assumed to be the same
as for the edge channels since the corner channels have so little influence on the flow. The
resulting pressure drops for channel 1 and 2 are shown below,

= f _L_ ^xi \1 + c AL Jk. p2

Dei 2 [ l A! H (TTP)2 + H

9 9 1 *Y7GI

= fs2 ~T» 9 C 3 | 1 + C 2 n ( , , ) g a p [ (6)

Cheng-Todreas (CT) model

This correlation by proposed by Cheng-Todreas [12] based on the model for the subchannel
friction factor and mixing parameters are calibrated by the available data.

APj = fi (L/Dei) (pV:2/2) (7)

- Interior

3A r l Del Del
A u )\~T^~'

(9)

(10)

3. BENCHMARK CALCULATIONS

3.1. Brief Descriptions of the Benchmark Codes

3.1.1. SABRE4 Code

SABRE4 (Subchannel Analysis of Blockage in Reactor Elements) is a 3-D subchannel code
designed to calculate the thermal-hydraulics of a fast reactor subassembly. The SABRE4 code
was originally developed as a single phase steady state code with the object of calculating flow
and temperature distributions behind blockages in fast reactor fuel elements. It has now been
developed into a general purpose rod bundle code.
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The SABRJE4 code permits calculation of steady-state or transient, single or two phase
flows and the geometrical options include general representation of grids, wire wraps, multiple
blockages and bowed pins, etc. Transient flows may be calculated using either semi-implicit or
fully implicit time solution methods and the temperature distributions within the fuel pins are
determined as well as the velocity and temperature of the coolant. General inlet boundary
conditions are available, including pressure, velocity and total mass flow, and the outlet boundary
condition is taken as a constant pressure. The wire wrap model introduces a grid resistance
tensor with its principal axes along and perpendicular to the wire, resulting in a very satisfactory
modelling of inducement of swirl [13]. The more detailed description for the wire wrap model
is given below.

Wire wrap mode]

Experimental observations of the flow in wire wrapped bundles indicate that the wire wraps
have two main effects. Firstly, they increase the overall pressure drop in the bundle and,
secondly they divert the flow locally in the direction of the wraps. The model used in SABRE4
is based on the assumption that the effects of a wire wrap can be represented solely by its
direction and resistance characteristics. Thus the model does not take any direct account of the
geometrical differences in cross-sectional area due to the presence of the wire wrap. The
differences in area and perimeter are however included in the derivation of the wrap resistance
coefficients, which are referred to velocities in the superficial areas in the bundle. The effects
of the wire wraps on the flow in a wire wrapped bundle are represented by resistance terms in
the axial and lateral momentum equations for the subchannels. However, actual subchannel flow
areas are not modified as they are in MATRA-LMR.

The flow components parallel and perpendicular to a wire wrap are analyzed independently.
Parallel flow depends on the pressure gradient in this direction, and perpendicular flow depends
on the pressure difference across the wrap.

- Tangential pressure gradient

= Ks Pvl (11)
- Normal pressure gradient

- - f j - = Knpvn|vn| (12)

where s and n are distances measured in the tangential and normal directions, K s and K n are
resistance coefficients in these directions, v s and v n are the components of the flow velocity v
in these directions. These equations yield the axial and lateral pressure gradients due to the
wire wraps. The pressure drop characteristics are added to the subchannels where the wire
wraps pass.

3.1.2. SLTHEN Code

The above two codes use the sophisticated physical modeling processes to simulate the
crossflows between subchannels. They couple the momentum equations with energy equations by
solving the velocity distributions from the momentum equations and then by using these
velocities in the energy equations. They also use iterative procedures for the finite difference
equations to obtain convergent solutions. Because of these characteristics, it requires a large
amount of computer time to solve the flow equations for every channel in a bundle using the
conventional subchannel analysis model. In order to enhance the computational efficiency, the
simplified energy equation mixing model called ENERGY was developed in the mid 1970s
specifically for LMRs. To model the crossflow caused by the wire wrap of the fuel pin, an
effective eddy diffusivity is employed. The velocities in the internal and the wall region of an
assembly can be obtained from the theoretical flow split method. These approximations enable
the momentum equations to be decoupled from the energy equations. Once the flow is split, the
temperatures and the pressure drops are calculated along the axial noding with the finite
difference equations. These simplifications enable a significant reduction of the storage space
and the running time required for computation [14].
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The wire-wrapped rods are packed in an array which is enclosed by a duct. As a result
there is a region of flow next to the duct wall which is quite different in character from the
flow in the central region. Figure 2 shows the geometry of subchannels and wire wraps. In
the central region the mean flow oscillates around each rod as it progresses in an axial direction.
This oscillation of flow may be imagined to form an effective eddy diffusivity superimposed on
the normal eddy diffusivity associated with turbulence. In the outer region near the wall the
flow field is quite different. The difference in the flow pattern in the outer and inner regions
of the assembly suggests that the bundle flow be divided into two regions. As shown in figure
3, region I is the inner region where the wire wrap mixing effect can be modeled by an
effective eddy diffusivity e . Region II is the outer region which can be modeled additionally by
an average circumferential swirl flow due to the unidirectional wire wrap in that area.

The SLTHEN (Steady-state LMR core Thermal-Hydraulics analysis code based on
ENERGY model) code is a modified version of the SUPERENERGY2 code, which is a
multi-assembly, steady-state subchannel analysis code based on the above simplified energy
equation mixing model. This code improves the numerical schemes of SUPERENERGY2 to
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Fig. 2 Geometry of subchannels and wire wrap
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accommodate the axial convection due to the interassembly gap flow and to enhance the
computational efficiency by adopting 6 method. Fuel and cladding temperature calculation
models are also developed, and the recent correlations for the flow split and mixing parameters
are incorporated [15].

3.2. ORNL 19 pin test

ORNL 19 pin tests were performed in the fuel failure mockup (FFM), a large high
temperature sodium facility built specifically for testing simulated LMR fuel rod bundles at
design power, flow and temperature. The fuel was simulated by electric cartridge heaters
fabricated to duplicate reactor fuel rod configuration and heat flux. Rod bundle 2A, which had
19 simulated fuel rods in a hexagonal duct, was the second bundle operated in the FFM. The
rods were 5.84 mm in diameter, and the wire wrap spacers were 1.42 mm in diameter and were
wrapped around the fuel rod on a 30.48 cm pitch. The FFM bundle 2A fuel rod had a 53.34
cm heated length which started 40.64 cm from the bottom, i.e. axial power profile consisted of
three parts, zero power from the bottom to 40.64 cm high and from 93.94 cm to the top, and
only the center part between 40.64 cm and 93.94 cm was a heated zone. The total length of
the fuel rod was 101.6 cm. Both the axial and the radial power profile were uniform, and
liquid sodium was used as coolant. The primary purpose of the tests were to measure
temperature distributions within the rod bundle, at the duct wall and at the exit [16].

Several runs were performed during the course of experimentation with the bundle 2A with
varying flow and power. Simulations in this paper, however, were done for two cases: one is
the high power/flow case which has 3.0378 kg/s and 16975 W/rod and the other is the low
power/flow case which has 4.087E-2 kg/s and 263 W/rod. The inlet temperature is 315 °C and
the outlet pressure is 1.O13E5 Pa. The detailed input data for 19 pin tests are shown in table
1. Figure 4 shows the subchannel numbering scheme for MATRA-LMR and SABRE4 code
respectively.

Firstly, to see the effect of the number of axial nodes on the calculated temperatures,
calculations were repeated for the high power/flow case with an increasing number of nodes.

Table 1 Input parameters for ORNL FFM-2A 19 pin test

Rod
information

Initial
conditions

Calculation
parameters

Correlations

Input parameter
Rod diameter (m)

Rod pitch (m)

Wire wrap diameter (m)

Wire wrap pitch (m)

Rod pitch/rod diameter

Duct inside flat-to-flat distance (m)

Heated length (m)

Total length (m)
System pressure (Pa)
Inlet temperature CO
Inlet mass flow (kg/s) (high / low)
Average rod power (W) (high / low)
Axial power distribution
Radial power distribution
Wire pitch fraction (<5 )

Turbulent mixing factor (0 )

Conduction shape factor (Gk)

Number of axial nodes

Pressure drop model
- Novendstem, CRT
- CT

Heat transfer model

Value
5.84E-3

7.26E-3

1.42E-3

0.3048

1.243

3.41E-2

0.5334

1.016
1.0132E5

315
3.0378 / 4.087E-2

16975 / 263
uniform
uniform
0.0833

0.01

0.5

80 (MATRA-LMR)

20 (SABRE4)

0.316Re"025

Re"018

Lyon-Martinelli
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Figure 5 shows the peak temperature of subchannel 1 according to the number of axial nodes
such as 40, 80, and 120. The 40 node case showed a little lower temperature than the others
which have almost the same temperatures. Considering the computing time and computer core
storage, however, 80 node case is supposed to be and adopted as a reasonable case for
MATRA-LMR code calculations of ORNL 19 pin tests.

Figure 6 shows the comparisons for the pressure drop models used in MATRA-LMR code
with ORNL 19 pin tests. The accuracy of the pressure drop data was the important parameter
for predicting the temperatures in the fuel bundle. The three models used have similar trends to
the experimental results as shown in figure 6. But the Novendstern model generally predicted
high and inaccurate temperatures, especially for the internal regions. One possible reason is that

MATRA-LMR Code SABRE4 Code

Fig. 4 Subchannel numbering schemes
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O

£ 420

2
a

0
I- 410

400
40

Peak subchannel temperature

Bundle average temperature

- B -

60 80 100

Number of axial nodes
120

Fig. 5 Temperatures according to the number of axial nodes
(MATRA-LMR)
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the Novendstem model does not take into account the form loss induced by the wires. And it
uses the same pressure drop for the internal and the edge regions which have differences in
geometry and flow behavior. The CRT model was more accurate, though it predicted a little
higher temperatures than the experimental results. On the contrary, the model proposed by
Cheng and Todreas predicted a little lower temperatures than the experimental results. Based on
the above comparisons, the CRT model was adopted to use as reasonable results.

Figure 7 shows the normalized temperatures at the end of the heated length for high
power/flow case of 3.08 kg/s and 16975 W per rod. Temperature profiles are plotted in figure
7 for the calculations with MATRA-LMR, SABRE4 and SLTHEN codes, and compared with the
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experimental results at the same axial location. MATRA-LMR predicted the experiment within
15% maximum, but the other two codes showed much different behaviors from the experiment.
SABRE4 underpredicted so much at the outer region, i.e. edge and corner sides. Although it
predicted well the temperatures of the interior channels, it failed to predict the temperatures of
the peripheral subchannels. The difference between MATRA-LMR and SABRE4 calculations
comes partly from the modeling of pressure drop induced wire wraps. For instance, the wire
wrap model in SABRE4 assumes that the effects of the wraps can be represented as specified
resistance coefficients tangential and perpendicular to the wraps. Geometrical differences in area
and wetted perimeter are included in the derivation of these coefficients, while actual subchannel
flow areas are modified in MATRA-LMR. On the other hand, SLTHEN overmedicated the
temperatures in the interior side. Unlike the above two codes, SLTHEN uses a relatively simple
model to reduce the computational time. For instance, an effective eddy diffusivity is employed
for the physical model of the crossflow caused by the wire wrap. The velocities in the internal
and the wall regions of an assembly can be obtained from the theoretical flow split method.
These approximations enable the momentum equations to be decoupled from the energy
equations. Once the flow is split, the temperatures and the pressure drops are calculated along
the axial noding with the finite difference equations. According to the simple model, there are
only two velocity fields for the inner and the outer regions respectively, and the same
subchannel velocity is maintained in each region while the other two codes have different
velocities corresponding to the heat source in each subchannel.

Figure 8 shows the axial temperature profiles in the interior and the edge subchannels for
high power/flow case with MATRA-LMR and SABRE4 codes. As discussed above, both codes
show excellent agreement with the experimental results in the interior subchannel 1. But in the
edge subchannel 32, SABRE4 underpredicted temperatures more than MATRA-LMR. The
following figures show more detailed reason on it.

Figures 9, 10 and 11 show the subchannel crossflow velocities in the interior, at the
interface between the interior and the edge, and between the edge gaps for high power/flow case,
respectively. Subchannel crossflow velocities in the interior gap between the channels 1 and 6
show that the two codes predicted almost the same temperatures, i.e. 0.25 m/s, as shown in
figure 9. Figure 10 shows the crossflow velocities as a function of axial position for interface
gap between the interior and the edge channels 9 and 26. Compared to the case of interior
channels as shown figure 9, the magnitudes of the crossflow velocities were larger, but still the
two predictions were in good agreement. On the contrary, for the crossflow velocities in the
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edge gaps the two predictions show different behaviors as shown in figure 11. There is one
circumferential swirl flow due to the unidirectional wire wrap in the edge subchannels. That is
the summation effect of swirl forces by wire wraps passing through adjacent edge gaps near the
duct wall. MATRA-LMR predicted larger crossflow velocities than SABRE4. In this
calculation, the axial average velocity was predicted about 7.5 m/s by MATRA-LMR and the
crossflow velocity about 1.5 m/s. The above behavior in the edge side make a significant effect
for temperature predictions. This difference might cause the temperature underpredictions with
SABRE4 at the outer regions.
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Figure 12 shows the normalized temperatures at the end of the heated length for the low
power/flow case of 4.09E-2 kg/s and 263 W/rod. In this case, SABRE4 calculations are in
reasonably good agreement with the experiment. MATRA-LMR calculations are higher in the
internal region and slightly lower in the outer region than the experimental results. While the
temperature profiles remain relatively stable at the higher power/flow case, the conductive heat
transfer has more important influences on the temperature distributions throughout the bundle at
the lower power/flow case. In this low power/flow case, Reynolds number is 1000, while 77400
for high power/flow case. So the calculation conditions was out of application of SLTHEN
because of its basic models. Further studies are needed for the low power/flow cases.
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3.3. EBR-II 91 pin test

EBR-II experiment which is used in this paper is a seven assembly problem. This seven
assembly problem is composed of one 7 pin assembly, two 61 pin assemblies, and four 91 pin
assemblies as shown in figure 13. The power and flow rate of each assembly are also shown
in the figure. Two 91 pin assemblies are calculated for the comparisons: high power assembly
of 0.63 MW and 3.889 kg/s and low power assembly of 0.37 MW and 3.076 kg/s.

Fig. 13 Layout of EBR-II seven-assembly problem

Table 2 gives the comparisons of the above three codes on the average exit and peak
subchannel temperatures. It was observed that MATRA-LMR predicted slightly different
temperatures from the other two codes by as much as 3% higher in the average exit and lower
in the peak subchannel temperatures. Whereas the computational time of MATRA-LMR is 75%
less than SABRE4 but is considerably larger than SLTHEN. Based on the results,
MATRA-LMR which is being developed for predicting temperature distributions in wire wrapped
LMR fuel rod bundles matches the available data with the same precision as complicated or
simplified subchannel analysis codes which are used now.

3.4. Application to the KALIMER Core Design

Korea Advanced Liquid Metal Reactor (KALIMER), a 150 MWe pool-type sodium cooled
prototype reactor, is currently under conceptual design study with the target schedule to complete
its construction by the mid-2010s. An initial design concept also was proposed through the
feasibility study of various innovative design features. Based on the insight and results from the
previous work, the KALIMER program plan was updated to call for the completion of the basic
design and supporting R&D work by 2006.

The KALIMER core system is designed to generate 392 MWth of power. The reference
core utilizes a homogeneous core configuration in radial direction with two driver fuel enrichment
zones, surrounded by a layer of blanket assemblies. The reference core has an active core
height of 100 cm and a radial equivalent diameter of 172 cm, and the height-to-diameter ratio
for the active core becomes 0.581. The physically outermost core diameter of all assemblies is
344.7 cm. Major design parameters and geometric characteristics of the assembly are given in
table 3.

A KALIMER radial blanket assembly was chosen to calculate the temperature distributions
with MATRA-LMR code, and to compare the results with SABRE4 and SLTHEN codes. Figure
14 shows the subchannel numbers where the temperatures are compared across the assembly. As

219



Table 2 Calculation results for EBR-II 91 pin test

High power/flow case
Parameters

1. Average exit temperature CO

2. Peak subchannel temperature CO

3. Bundle average pressure drop (MPa)
4. Computing time (sec)

(HP J200 Workstation)

MATRA-LMR
512.9

560.6

0.057

330

SABRE4
498.0

574.6

0.042

1440

SLTHEN
495.1

571.0

0.051

0.78

Low power/flow case
Parameters

1. Average exit temperature CO

2. Peak subchannel temperature CO

3. Bundle average pressure drop (MPa)
4. Computing time (sec)

(HP .1200 Workstation)

MATRA-LMR
475.2

510.4

0.042

378

SABRE4
465.0

520.1

0.032

1440

SLTHEN
462.0

512.3

0.034

0.78

Table 3 Input parameters for KALIMER 98.03 design

Core

127 pin assembly

Core thermal output (MWth)
Core electric power (MWe)
Core inlet / outlet temperature CO
Total flow rate (kg/s)
Active core height (mm)
Core diameter (mm)
Core configuration
Pins per fuel assembly (driver/radial blanket)
Total axial height (mm)
Rod outer diameter (mm)
Rod pitch (mm)
Wire wrap diameter (mm)
Wire wrap lead (mm)
Cladding thickness (mm)
Duct wall thickness (mm)
Duct inside flat-to-flat distance (mm)
Nominal linear pin power (W/cm)
Assembly nominal flowrate (kg/s)
Assembly coolant inlet temperature CO

Number of axial nodes

Radial power distribution

392.2
150.0

386.2 / 530.0
2143
1000

3447.3
radial homogeneous

271 / 127
3163.0

12
13

0.95
300
0.54
3.7

149.8
34.91
4.59
386.2

250 (MATRA-LMR

64 (SABRE4)
uniform

shown in figure 15, three results are in good agreement in the inner region, though SABRE4
predicted a little higher temperatures. The flat temperature profiles were found in the inner
region for this blanket calculation. In these calculations, they showed the similar mixing
behavior induced by wire wraps in the inner region, because the radial power profile is assumed
to be uniform. On the other hand, in the outer region where the peripheral swirl flow occurred,
as illustrated in figure 15, MATRA-LMR predicted higher temperatures than the other two codes,
because MATRA-LMR generated larger swirl flow. The Reynolds number was 11100 in this
calculation. Based on the calculation results for high power/flow case of ORNL 19 pin test
mentioned above, it may be concluded that the MATRA-LMR gives more precise predictions
than the other two codes for both regions of the bundle. All the calculations were performed
on the HP J200 workstation. The required computational times were 1758, 2400 and 1.38 sec
for MATRA-LMR, SABRE4 and SLTHEN codes respectively.
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Fig. 14 MATRA-LMR 127 pins subchannel numbering scheme
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Fig. 15 Temperatures at the end of the heated length
(KALIMER127 pin radial blanket assembly)

4. CONCLUSIONS

The development status of the detailed subchannel analysis code MATRA-LMR was
assessed from the benchmark calculations with SABRE4 and SLTHEN codes. The
MATRA-LMR calculations for the ORNL 19-pin assembly tests and EBR-II 91-pin experiments
were compared to the measurements, and to SABRE4 and SLTHEN code calculation results,
respectively.
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The comparison results for ORNL 19 pin tests showed that there was a good agreement
between MATRA-LMR calculations and the experimental data as shown in the axial temperature
profiles. Also the accuracy of the pressure drop models was compared for the ORNL 19-pin
assembly tests. The results indicated that the CRT predictions were in good agreement with the
experimental results better than the other methods. SABRE4 overmedicated the temperatures in
edge side and SLTHEN results showed higher temperatures in the internal region. The
differences are found among the three codes because of the pressure drop induced by wire wrap.
In comparisons for EBR-II seven assembly problem calculations, it was observed that
MATRA-LMR predicted slightly different temperatures from the other two codes by as much as
3% higher in the average exit and lower in the peak subchannel temperatures. Whereas the
computational time of MATRA-LMR is 75% less than SABRE4 but is considerably larger than
SLTHEN. In the application for KALIMER design, MATRA-LMR predicted quite as well as
the other two codes.

From the all the benchmark calculations, it can be concluded that MATRA-LMR code is a
reliable analysis tool for KALIMER subassembly design and performance analysis. The current
version of MATRA-LMR is used only for a single subassembly analysis, but it is planned to
extend for the multi-assembly whole core calculations.
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