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a b s t r a c t

Parametric studies of heat transfer and fluid flow are very important research of interest because the
design and operation of fluid flow and heat transfer systems are guided by these parametric studies. The
safety of the system operation and system optimization can be determined by decreasing or increasing
particular fluid flow and heat transfer parameter while keeping other parameters constant. The pa-
rameters that can be varied in order to determine safe and optimized system include system pressure,
mass flow rate, heat flux and coolant inlet temperature among other parameters. The fluid flow and heat
transfer systems can also be enhanced by the presence of or without the presence of particular effects
including gravity effect among others. The advanced Generation IV reactors to be deployed for large
electricity production, have proven to be more thermally efficient (approximately 45% thermal efficiency)
than the current light water reactors with a thermal efficiency of approximately 33 �C. SCWR is one of the
Generation IV reactors intended for electricity generation. High Performance Light Water Reactor
(HPLWR) is a SCWR type which is under consideration in this study. One-eighth of a proposed fuel as-
sembly design for HPLWR consisting of 7 fuel/rod bundles with 9 coolant sub-channels was the geometry
considered in this study to examine the effects of system pressure and mass flow rate on wall and fluid
temperatures. Gravity effect on wall and fluid temperatures were also examined on this one-eighth fuel
assembly geometry. Computational Fluid Dynamics (CFD) code, STAR-CCMþ, was used to obtain the
results of the numerical simulations. Based on the parametric analysis carried out, sub-channel 4 per-
formed better in terms of heat transfer because temperatures predicted in sub-channel 9 (corner sub-
channel) were higher than the ones obtained in sub-channel 4 (central sub-channel). The influence of
system mass flow rate, pressure and gravity seem similar in both sub-channels 4 and 9 with temperature
distributions higher in sub-channel 9 than in sub-channel 4. In most of the cases considered, temper-
ature distributions (for both fluid and wall) obtained at 25 MPa are higher than those obtained at 23 MPa,
temperature distributions obtained at 601.2 kg/h are higher than those obtained at 561.2 kg/h, and
temperature distributions obtained without gravity effect are higher than those obtained with gravity
effect. The results show that effects of system pressure, mass flowrate and gravity on fluid flow and heat
transfer are significant and therefore parametric studies need to be performed to determine safe and
optimum operating conditions of fluid flow and heat transfer systems.
© 2021 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ineering, Graduate School of
ra, AE 1, Ghana.
Shitsi), s.debrah@gaecgh.org

emarthur001@st.ug.edu.gh
).

by Elsevier Korea LLC. This is an
1. Introduction

Parametric studies of heat transfer and fluid flow are very
important research of interest because the design and operation of
fluid flow and heat transfer systems are guided by these parametric
studies. The safety of the system operation and system optimiza-
tion can be determined by decreasing or increasing particular fluid
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flow and heat transfer parameter while keeping other parameters
constant. The parameters that can be varied in order to determine
safe and optimized system include system pressure, mass flow rate,
heat flux and coolant inlet temperature among other parameters.
The fluid flow and heat transfer systems can also be enhanced by
the presence of or without the presence of particular effects
including gravity effect among others. The advanced Generation IV
reactors to be deployed for large electricity production, have
proven to be more thermally efficient (approximately 45% thermal
efficiency) than the current light water reactors with a thermal
efficiency of approximately 33 �C [1]. SCWR is one of the Genera-
tion IV reactors intended for electricity generation. High Perfor-
mance Light Water Reactor HPLWR is a SCWR type which is under
consideration in this study.

[2] performed a heat transfer study in a supercritical high-
performance light water reactor (HPLWR) with the aim of
improving heat transfer characteristics in the fuel assembly of
HPLWR. Coupled codes, ANSYS-CFX-19.0 (CFD code) and MCNP6
(Monte Carlo neutronics code), were used for the study. Heat
transfer deterioration (HTD) and non-uniform distribution of
temperature on the surface of the cladding were observed in the
fuel assembly. [1] carried out a review giving more details on the
supercritical water-cooled reactor (SCWR) and its application in
nuclear marine vessels which are currently operating with pres-
surized water-saturated steam nuclear power plants. It was pro-
posed that SCWR design concept application for marine vessels
would result in a significant reduction in plant size, weight, capital
cost and operating cost. The need for further studies on SCWR
application for marine vessels was recommended in this study in
order to achieve this dream. [26] performed numerical study of
heat transfer in a 61-rod bundle (fuel assembly) of SCWR. It was
observed that the difference between minimum and maximum
non-uniform wall temperatures on the surfaces of the fuel rods
near the fuel assembly outlet was over 200 K, and this was caused
by differences in the mass flow rates in the sub-channels of the fuel
assembly. [3] carried out heat transfer numerical study in the
1000 MW supercritical boiler water-cooled wall tube. The numer-
ical simulation methodmade use of RNG k- ε turbulence model and
investigated effects of buoyancy, centrifugal force, flow deviation,
inlet temperature deviation and specific heat on heat transfer. The
variation of heat fluxwas done along the furnace height. The results
of the study show that HTD is caused by buoyancy effect and
decrease in thermal conductivity, and HTE is caused by centrifugal
force and increase in inlet mass flow rate.

There are several other studies on heat transfer at supercritical
pressures which are related to SCWR design concepts but few of
these studies are on fuel/rod bundle geometry [4e18]. This study is
the extension of the study performed by Ref. [19] to assess the
performance of heat transfer correlations in the sub-channels of the
adopted rod bundle geometry. The available literature has shown a
lot of fluid flow and heat transfer studies performed in tube related
geometries whereas there are limited studies performed in rod
bundle geometries because modelling of rod bundle geometries is
relatively complicated than that of tube related geometries.
Currently there are no CFD study results on the research interest of
fluid flow and heat transfer trying to find out whether temperature
distributions in the various coolant sub-channels of the proposed
geometry for HPLWR will be uniform or otherwise. In other words,
it is important to find out the coolant sub-channels having lowest
or highest temperature distributions using CFD methodology.
Therefore, there is the need for more studies on fuel/rod bundle
geometry at supercritical pressures depicting the real practical
situation of design and operation of SCWRs. This study investigates
the effects of parameters such as system pressure, mass flow rate
and gravity on fluid flowand heat transfer at supercritical pressures
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in one-eighth of a proposed fuel assembly design for HPLWRwhich
consists of 7 fuel/rod bundles with 9 coolant sub-channels. This
studywhich intends to contribute to the existing knowledge on few
studies on rod bundle geometry at supercritical pressures, also
demonstrates the need to carry out parametric studies in order to
determine the optimum operating conditions of fluid flow and heat
transfer systems.

2. Methodology

The Methodology adopted by Ref. [19] in assessment of heat
transfer correlations in the sub-channels geometry was also
employed in this study. Computational Fluid Dynamics (CFD) code,
STAR-CCMþ, was used to obtain the results of the numerical sim-
ulations. STAR-CCM þ CAD and the System Model Descriptions,
Initial Conditions, and Physical Models considered in this work
were already presented in the [19]. Mesh Scene of the Computa-
tional Geometry, and a representation of Fuel rod and sub-channels
in “1/8 fuel assembly” created using STAR-CCMþ CAD are shown in
Fig. 1. The Optimum mesh size of 1, 177, 342 cells describing the
sub-channel geometry was used for the study. Detailed dimensions
of the 1/8th fuel assembly implemented in STAR-CCM þ CAD is
presented in Table 1. Physics models and boundary specifications
presented in Table 1 in Ref. [19] were also adopted for this study.
The fuel rods were heated with a uniform heat flux of 650 kW/m2.
The system pressures of 23 MPa and 25 MPa, mass flow rates of
0.1670 kg/s (601.2 kg/h) and 0.1559 kg/s (561.2 kg/h), and coolant
inlet temperature of 300 �C were also adopted.

The Physical Models including Continuity, Momentum and En-
ergy equations were also adopted in this study. Literatures by
Refs. [20,21,23]; and [24] contained detailed descriptions of the
Physical Models.

3. Results and discussion

3.1. Turbulence model selection and numerical Simulation/Wataa's
results comparison

[25] used MCNP code to calculate the distribution of power in
each fuel rod, which was subsequently imported into STAFAS code
to get the equivalent thermal-hydraulic conditions in each sub-
channel of the proposed HPLWR fuel assembly. In this work, the
design and operating conditions of the fuel assembly were imple-
mented in the STAR-CCM þ code to obtain temperature distribu-
tions in the fuel assembly. The fuel assembly geometry used for
both studies consists of 7 fuel rods and 9 sub-channels. The results
of sub-channels 4 and 9 which are shown to have the lowest and
highest coolant temperatures respectively are presented in this
work. With the unavailability of the experimental data on the fuel
assembly under consideration, the temperature distribution results
of the STAFAS [25]) and STAR-CCM þ codes were compared as a
way of validating the results obtained in this work. Four (4) tur-
bulence models including Shear-Stress Transport (SST) Menter's, k-
u; Standard Wilcox, k-u; Abe-Kondoh-Nagano (AKN) Low-Re, k-ε;
and Standard Lien's Low-Re, k-ε were compared in trying to obtain
temperature distribution results of STAFAS code using STAR
CCM þ code. The symbols k, ε, and u respectively denote turbulent
kinetic energy, dissipation rate and specific dissipation rate. The
results of sub-channels 4 and 9 are shown respectively in Figs. 2
and 3. The wall temperatures (Tw) and coolant temperatures
(Tcol) of the various turbulence models and that of Wataa's STAFAS
code simulation are also shown in Figs. 2 and 3. The Tw and Tcol
results of Shear-Stress Transport (SST) Menter's, k-u and Standard
Wilcox, k-u turbulence models shown to be close and closely
predicted the Wataa's results but the Shear-Stress Transport (SST)



Fig. 1. Mesh Scene of the Computational Geometry (a), and a representation of Fuel rod and sub-channels in “1/8 assembly type square 2.1” (b) created using STAR CCM þ CAD [19].

Table 1
Dimensions used for creating a 1/8th FA geometry [19].

Square “2.1” Assembly type Values

Number of moderator boxes per assembly (e) 1
Cladding outer diameter 8 mm
P/D 9.2
Number of fuel rods (e) 40
Active axial heated height 4.2 m

Fuel assembly box

Length of the inner side 65.2 mm
Thickness of wall 1 mm
Length of the outer side 67.2 mm

Moderator box

Length of the outer side 26.8 mm
Thickness of wall 0.3 mm
Length of the inner side 26.2 mm

Fig. 2. Temperature profiles in SC 4 of a square fuel assembly [19].

Fig. 3. Temperature profiles in SC 9 of a square fuel assembly [19].
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Menter's, k-uwas selected for the various numerical simulations in
this work because of the wide recommendations made about this
turbulence model in literature being suitable for predicting heat
transfer at supercritical pressures. Thus results of Tw and Tcol
temperatures produced by SST Menter's, k-u turbulence model
using the STAR-CCMþ code agreewith that ofWataa's results using
STAFAS code and hence these results used as means of validation of
the numerical results obtained in this study due to unavailability of
experimental data on the proposed HPLWR fuel assembly geometry
used for the study.
3.2. Parametric analysis in sub-channels 4 and 9

Parametric trends for effects of varying the mass flow rate,
operating pressure and gravity on the temperature distribution
along the active height of the 1/8th fuel assembly to capture the
heat transfer phenomena are evaluated and presented. Wall



Fig. 4. Influence of Mass flow rate at 25 MPa in SCs (4) and (9). Fig. 5. Influence of Mass flow rate at 23 MPa in SCs (4) and (9).

Fig. 6. Influence of pressure at 0.1670 kg/s (601.2 kg/h) in SCs (4) and (9).
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Temperature (Tw) and Coolant or Fluid Temperature (Tcol or Tfluid)
distribution results in sub-channels 4 and 9 (SC (4) and SC (9)) are
presented in analyzing the effects of system mass flow rate, pres-
sure and gravity on fluid flow and heat transfer in the sub-channels.
SC (4) is located at the center of the fuel assembly (Central sub-
channel) whereas SC (9) is located at the corner of the fuel as-
sembly (Corner sub-channel) (see Fig. 1).

3.2.1. The influence of mass flow rate
The influence of mass flow rate at both 25 MPa and 23 MPa

(with pseudo-critical temperatures of 384.9 �C and 377.5 �C
respectively) on heat transfer phenomenon are illustrated in Fig. 4
and Fig. 5 respectively.

The analysis was carried out at mass flow rates of 0.1670 kg/s
(601.2 kg/h) and 0.1559 kg/s (561.2 kg/h), 300 �C as inlet temper-
ature and 650 kW/m2 heat flux. The profiles of wall temperature
values at 25 MPa and 23 MPa were obtained for normal heat
transfer (NHT), enhanced heat transfer (EHT) and the deteriorated
heat transfer (DHT) regions in Fig. 4 for 25 MPa and Fig. 5 for
23MPa. Consider Fig. 4, in the NHT region of sub-channel 4 the wall
temperature values for the 561.2 kg/h mass flow rate were larger
than that of the 601.2 kg/h. However, in the enhanced heat transfer
region the wall temperature values were almost equal for all the
two mass flow rates of the system at 25 MPa. In the DHT region the
wall temperature values for 561.2 kg/h mass flow rate were larger
than that of the 601.2 kg/h mass flow rate. A similar trend of wall
temperature values was observed in sub-channel 9 for the
enhanced and deteriorated heat transfer regions. In the NHT region,
the obtained wall temperature values for all the two mass flow
rates at 25 MPa were almost same.

On the other hand, it was observed that both fluid centre-line
temperature values for all the two mass flow rates in sub-channel
4 increased “linearly” below and beyond the pseudo-critical region,
while in the pseudo-critical region the fluid centre-line temperature
flattened. That is the fluid/coolant temperature increases below the
pseudo-critical region, flattened at the pseudo-critical region
(coolant temperature almost equals to the pseudo-critical point
temperature value) and increases thereafter the pseudo-critical re-
gion. The fluid centre-line temperature values for the 561.2 kg/h
were higher than that of the 601.2 kg/h but almost the same in the
pseudo-critical region in both sub-channels at 25 MPa. At 25 MPa,
the highest wall temperature obtained is 703.03 �C in SC (9) at the
smaller mass flow rate of 561.2 kg/hwhile the least wall temperature
obtained is 499.34 �C in SC (4) at the larger mass flow rate of
601.2 kg/h. The corresponding values of fluid centre-line tempera-
ture values are 687.37 �C in SC (9) and 493.69 �C in SC (4).

Fig. 5 shows the similar trend of the temperature distribution in
the two SCs (4) and (9) at 23 MPa. At 23 MPa, the highest wall
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temperature obtained is 692.88 �C in SC (9) at the smaller mass
flow rate of 561.2 kg/h while the least wall temperature obtained is
491.63 �C in SC (4) at the larger mass flow rate of 601.2 kg/h. The
corresponding values of fluid centre-line temperature values are
670.07 �C in SC (9) and 486.12 �C in SC (4). Comparing the fluid/
coolant and wall temperatures for the two mass flow rates of
601.2 kg/h and 561.2 kg/h at 25 MPa and 23 MPa, the fluid and wall
temperatures obtained at the smaller mass flow rate were larger
than those obtained at the larger mass flow rate. Similar finding
was obtained by Refs. [8,9,16].
3.2.2. The influence of pressure
Fig. 6 and Fig. 7 respectively show the effect of varying the two

system pressures 25 MPa and 23 MPa at two mass flow rates of
601.2 kg/h and 561.2 kg/h on heat transfer behaviour in the sub-
channels of the fuel assembly based on the fluid centre-line tem-
perature and wall temperature.

The simulation results showed that the general trend pattern of
the wall and fluid centre-line temperatures under the two different
mass flow rates (601.2 kg/h and 561.2 kg/h) behaved almost the
same. Nevertheless, in Fig. 6, below the pseudo-critical region the
fluid centreline temperature values for 23 MPa and 25 MPa in sub-
channel 4 at 601.2 kg/h mass flow rate were almost the same.
However, in and beyond the pseudo-critical region the values of fluid
centerline temperature for 25 MPa are relatively larger than that of
23 MPa in sub-channel 4. A similar trend was observed in sub-
channel 9 below the pseudo-critical region and in the pseudo-
critical region, but beyond pseudo-critical region the values of the
fluid centre-line temperature for 23 MPa are larger than that of the
25 MPa.



Fig. 7. Influence of pressure at 0.1559 kg/s (561.2 kg/h) in SCs (4) and (9).
Fig. 8. Influence of gravity at 25 MPa (at mass flow rate of 0.1670 kg/s (601.2 kg/h)) in
SCs (4) and (9).

Fig. 9. Influence of gravity at 23 MPa (at mass flow rate of 0.1670 kg/s (601.2 kg/h)) in
SCs (4) and (9).
N.B: w.g is with gravity and w.o.g is without gravity
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At 561.2 kg/h in sub-channel 4 of Fig. 7, the values of the fluid
centre-line temperature below the pseudo-critical region for both
23 MPa and 25 MPa were almost the same, while in the pseudo-
critical region the fluid centre line temperature values for 25 MPa
were relatively larger as compared to that of 23 MPa. Beyond
pseudo-critical region the values of the fluid centre-line tempera-
ture for 25 MPa are slightly larger as compared to that of 23 MPa
and became almost the same towards the exit of the sub-channel.
In sub-channel 9, the values of the fluid centre-line temperature
for 23 MPa and 25 MPa below pseudo-critical region were almost
the same, while in the pseudo-critical region and beyond the
pseudo-critical region the values of the fluid centre-line tempera-
ture for 25 MPa were relatively larger as compared to that of the
23 MPa.

The three heat transfer regimes NHT, HTE and HTD were
observed for wall temperature values at both working pressures. It
was observed that pressure had no effect in the normal heat
transfer region at both 601.2 kg/h and 561.2 kg/h mass flow rates.
The wall temperature values in the EHT region increased with
pressure for all the two mass flow rates. In sub-channel 4, the wall
temperature values for 25 MPa were relatively larger as compared
to that of the 23 MPa in the enhanced and deteriorated heat
transfer regions at 601.2 kg/h and 561.2 kg/h. In sub-channel 9, the
wall temperature values in the EHT region for 25 MPa were rela-
tively larger as compared to that of the 23 MPa for both mass flow
rates. However, in the DHT region a different trend of wall tem-
perature values was observed, at 601.2 kg/h the wall temperature
values for 23MPawere larger than that of 25 MPa. But at 561.2 kg/h
the wall temperature values for 25 MPa were significantly larger as
compared to that of the 23 MPa. It could also be observed that
temperature distributions (fluid and wall) in sub-channel 9 were
larger than those in sub-channel 4. The finding that temperature
distributions obtained at higher system pressure were larger than
those obtained at lower system pressure was also obtained by
Refs. [9,16].
3.2.3. The influence of gravity
Fig. 8 and Fig. 9 show the influence of gravity on heat transfer

based on the wall and fluid centre-line temperature profiles. The
analysis was conducted at 25 MPa and 23 MPa working pressures,
300 �C inlet temperature and mass flow rate of 601.2 kg/h.

At both 25 MPa and 23MPa almost equivalent trends and values
for wall temperature for the normal heat transfer, enhanced and
deteriorated heat transfer regions were obtained for the systems
with or without gravity in sub-channel 4. But in sub-channel 9 the
wall temperature values for the systemwithout gravity effect were
moderately larger as compared to the one with gravity effect in the
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deteriorated heat transfer region at both 25 MPa and 23 MPa. The
occurrence of recovery from deteriorated heat transfer region was
observed in the system without gravity at 23 MPa. On the other
hand, the trends and values of the fluid centre line temperatures for
the two systemswere almost the same in sub-channel 4, but in sub-
channel 9 the fluid centre line temperature for a system without
gravity was larger than the one with gravity beyond pseudo-critical
region.

It was also observed that the values of the fluid centre line
temperature below and beyond the pseudo-critical region
increased linearly, but flattened at the pseudo-critical region. The
effect of gravity was more pronounced in sub-channel 9 than in
sub-channel 4 at both working pressures of 25 MPa and 23 MPa.
Also, the fluid and wall temperature values were relatively larger
for system without gravity effect when compared with the system
with gravity effect in sub-channel 9. Similar finding was obtained
by Ref. [24].

It can be observed that at varying mass flow rate at constant
pressure or at varying system pressure at constant mass flow rate,
similar trends of positive linear gradients were obtained for wall
temperature profiles in the NHT regions below the EHT regions.
Similar trends of positive linear gradients were also obtained for
wall temperature profiles in the DHT regions beyond the EHT re-
gions. Similar wall temperature profiles with positive linear gra-
dients were obtained in the NHT and DHT regions for influence of
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gravity with varying system pressure at constant mass flow rate
except that the occurrence of recovery from deteriorated heat
transfer region was observed in the system without gravity at
23 MPa.

Consequently, based on the parametric analysis carried out, sub-
channel 4 performed better in terms of heat transfer because
temperatures predicted in sub-channel 9 (corner sub-channel)
were higher than the ones obtained in sub-channel 4 (central
sub-channel). The influence of systemmass flow rate, pressure and
gravity seem similar in both sub-channels 4 and 9 with tempera-
ture distributions higher in sub-channel 9 than in sub-channel 4. In
most of the cases considered, temperature distributions (fluid and
wall) obtained at 25 MPa are higher than those obtained at 23 MPa,
temperature distributions obtained at 601.2 kg/h are higher than
those obtained at 561.2 kg/h, and temperature distributions ob-
tained without gravity effect are higher than those obtained with
gravity effect.

4. Conclusion

The STAR-CCM þ CFD code was used to simulate flow and heat
transfer behaviour of supercritical water in the nine (9) sub-
channels of 1/8th fuel assembly of which results on low tempera-
ture sub-channel 4 and high temperature sub-channel 9 are pre-
sented in this study for parametric analysis. Four selected
turbulence models were assessed and tested namely, AKN keε,
Lien's Lo-Re keε, standard (Wilcox) k-u and SST keu. Among the
four assessed turbulence models, the Standard (Wilcox) k-u and
SST keu turbulence models captured closely Wataa's coolant and
wall temperature distributions in the sub-channels. However, the
SST k-u model was chosen to carry out the numerical simulations
because SST k-u turbulence model is widely used and recom-
mended bymany researchers in studying heat transfer phenomena
of supercritical fluids.

Results obtained from the parametric analysis in the two
adopted sub-channels (sub-channels 4 and 9) showed that the fluid
centre-line temperature linearly increased below and above the
pseudo-critical region, but flattened at the pseudo-critical region
for all the system parameters considered. The mass flow rate,
pressure and gravity have effects on the wall temperature values in
the normal heat transfer (NHT) region, enhanced heat transfer
(EHT) region and deteriorated heat transfer (DHT) region. The
variation of the system parameters (mass flow rate and gravity) in
the enhanced heat transfer and pseudo-critical regions showed no
significant difference in the wall temperature and fluid centre-line
temperature values. However, for the pressure parameter a signif-
icant difference in the wall temperature and fluid centre-line
temperature values was observed. The wall and fluid centre line
temperature values increased with pressure in these regions
(enhanced heat transfer and pseudo-critical regions). It can be
observed that at varying mass flow rate at constant pressure or at
varying system pressure at constant mass flow rate, similar trends
of positive linear gradients were obtained for wall temperature
profiles in the NHT regions below the EHT regions. Similar trends of
positive linear gradients were also obtained for wall temperature
profiles in the DHT regions beyond the EHT regions. Similar wall
temperature profiles with positive linear gradients were obtained
in the NHT and DHT regions for influence of gravity with varying
system pressure at constant mass flow rate except that the occur-
rence of recovery from DHT region was observed in the system
without gravity at 23 MPa.

Based on the parametric analysis carried out, sub-channel 4
performed better in terms of heat transfer because temperatures
predicted in sub-channel 9 (corner sub-channel) were higher than
the ones obtained in sub-channel 4 (central sub-channel). The
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influence of system mass flow rate, pressure and gravity seem
similar in both sub-channels 4 and 9 with temperature distribu-
tions higher in sub-channel 9 than in sub-channel 4. In most of the
cases considered, temperature distributions (fluid and wall) ob-
tained at 25 MPa are higher than those obtained at 23 MPa, tem-
perature distributions obtained at 601.2 kg/h are higher than those
obtained at 561.2 kg/h, and temperature distributions obtained
without gravity effect are higher than those obtained with gravity
effect. This numerical study was not quantitatively compared with
experimental data along the axial active heights of the sub-
channels. Nonetheless, it was observed that the adopted numeri-
cal tool STAR-CCMþ CFD code showed capabilities of capturing the
trends for the normal heat transfer, enhanced and deteriorated heat
transfer regions. Accordingly, from the deduced findings, experi-
mental investigation should be carried out to validate the results
and ascertain the applicability of the SST k-u turbulence model in
heat transfer predictions at supercritical conditions in SCWR fuel
assembly.
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