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Abstract

The use of porous media to simplify the thermohydraulic of a nuclear reactor is the topic of recent re-
search. As a case study, the rector of 200kW installed at Missouri University of Science and Technology
is modeled in this paper. To help this objective, a fundamental CFD examination was completed to sup-
plement the neutronics investigation on the present reactor. Characteristics of thermal energy removal
from a typical research reactor are modeled by numerical thermal transport in porous media. The neu-
tron flux is modeled by the nodal expansion method. For the thermo-hydraulic part, a three-dimensional
governing equation is solved by an iterative method to find the steady-state solution of fluid flow and
temperature in loss of coolant condition where the heat produced in the reactor core is removed by free
convection. The profiles of heat flux for various power levels are benchmarked. Pressure, temperature
and velocity contours in the power passage were assessed at 300kW and 500kW power levels. To reduce
the computational cost, a porous media approach for the whole geometry was utilized. The numerical
results agree with the experimental results. The developed model can be used for safety and reliability
analysis for various loss of coolant accidents.

Keywords: Natural convection; Porous media; Two-phase flow; Loss of coolant; Nodal expansion method

Nomenclature: Cp: Specific Heat; k: Thermal Conductivity; K: Permeability of the Porous Medium; q:
Heat Flux; Da: Darcy Number; Nu: Nusselt Number; Pr: Prandtl Number u; v: Velocity Vector; P: Pressure;
T: Temperature; X, y: Cartesian Coordinates; X, Y: Dimensionless Cartesian Coordinates

Introduction

Heat and mass transfer through porous medium has many applications in science and
industry [1,2]. The arranging and planning of the previously mentioned advances depend on
numerical displaying. Precise logical arrangements are utilized for the subjective translation
ofthe aftereffects of research facility core flooding and the estimation of the model coefficients.
The correlation of the fixation and immersion waves furnished by the logical models with
the achievement of colloids and water during core floods or field tests yields a progressively
significant comprehension of the vehicle forms. The logical models are additionally
generally utilized in three-dimensional repository recreations utilizing streamlined and
front-following procedures [3,4]. The accurate count of the power inside that reactor core
during transient as fast as in consistent stat is an important problem, from the purpose of
structure and security analysis. In practical issues, this Is achieved by comprehending the
time subordinate or static hardly any gathering neutron dissemination equations. Solving the
reasonable reactor center issues with all its’ geometric and material heterogeneous will be an
Intractable issue. Consequently, in the initial step, one divides these values into various areas
where the heterogeneity is homogenized utilizing nearby vehicle hypothesis estimations,
and normal hardly any gathering dissemination hypothesis, parameters are generated.
These homogenized districts are for most of the work gatherings or groups. The subsequent
stage Is to fathom the neutron dispersion condition for the given reactor geometry. A wide
assortment of numerical techniques as limited contrast, limited component technique and


http://dx.doi.org/10.31031/EME.2025.06.000633
https://crimsonpublishers.com/eme/index.php

EME.000633. 6(2).2025

nodal strategies have been created to tackle dispersion conditions
depicting reactors with enormous homogeneous districts, limited.
Contrast strategy is a characteristic and the most direct technique
to explain dispersion conditions.

The above applications have persuaded various examinations
on the specific answers for one-dimensional, two-stage multi-
component streams in permeable media. They incorporate
self-comparative answers for the persistent infusion of steady
creation liquids into arrangements, relating to Riemann issues for
protection law frameworks [5-9]. In natural convection analysis of a
research nuclear reactor, the objective of CFD (Computational Fluid
Dynamics) is to study the flow patterns and heat transfer within the
reactor. It helps researchers understand how heat is dissipated and
how the coolant circulates naturally without the need for external
pumps or fans. This information is crucial for reactor design and
safety considerations.

Non-self-comparable answers for the infusion of various
arrangement slugs are obtained by the communication of non-
straight hyperbolic waves [10,11]. As of late acquired semi-
systematic arrangements that represent the slender weight and
dissemination depend on the necessary portrayal of the immersion
field and fundamentally expand the class of 1-D streams that take
into consideration logical displaying [12]. The phenomenological
model given by Shadloo MS [13] is planned for normal molecule
and pore sizes. Populace balance models represent probabilistic
molecule and pore size conveyances [14-21]. The specific
arrangement can be acquired for a mono-sized suspension stream
in rock with a given pore-size appropriation [22]. The arrangement
takes into consideration the averaging of the stream, yielding the
speculation of the model [14] that represents the pore volume,
distance for limited-size particles and the fragmentary streams
by means of the available and unavailable pieces of the permeable
space [23]. The stochastic models for single-stage colloidal-
suspension streams incorporate the molecule direction figuring
[21,24] and arbitrary walk conditions [25-27].

One of the applications of the porous media is the use of a
Sodium-Cooled Reactor (SFR). In SFR liquid sodium spills onto
the floor may incite the bursting of the steel liner [28]. Along these
lines, sodium sodium-strong reaction occurs by direct contact of
liquid sodium with assistant concrete. Basic marvels of SCR for
prosperity assessment of SFR are hydrogen release, imperatives
release by exothermic warmth age and strong evacuation by
invention disintegration. SCR involves two reaction stages. The
first absence of hydration of concrete and hydrogen release by
the reaction of created water seethe with Na as early on stage and
the second expulsion of concrete by reactions between strong
syntheses and Na blends as helper arrange [29]. In view of porous
estimation, it was revealed that the reaction occurs as a snappy
reaction straightforwardly after NaOH mellowing at 583K [30]. As
needs be, it was ordinary that 2 reaction is prevalent in the time
range of the assistant period if the basic proportion of NaOH has
been made during the basic stage reaction [31]. Meta sodium
silicate was perceived as the huge solid aftereffect of the reaction

from the XRD assessment. Considering the stage chart of the
reaction system, the likely overall reaction pathway of NaOHSi02
reaction was discussed [32]. In this paper, a coupled neutronic and
CFD analysis is done to model a reactor core through the loss of
coolant. Characteristics of thermal energy removal from a typical
research reactor are modeled by numerical thermal transport in a
porous medium. The established method can be used for safety and
reliability analysis for various loss of coolant accidents.

Modeling

The movement of the air pockets is coupled to the progression
of the foundation liquid. The foundation liquid is a fluid with a gas
on top as shown in Figure 1. The air pockets are expelled after
entering the gas stage. A Eulerian VOF strategy saving mass and
force through the Navier Stokes conditions is conveyed to figure
out the progression of the constant foundation stages. The coupling
with the Lagrangian bubbles is accomplished through a source term
in the energy condition representing bubble drag. Figure 1 shows
the porous medium Cross-section of the reactor.
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Figure 1: Porous medium cross-section of reactor.

Neutronic

Figure 2 presents the definition of nodal expansion method
on the boundary of a Cartesian 2D Cell. Figure 3 presents the core
configuration which its cross-sections of the reactor are given in
Table 1. The Cartesian two-dimensional and two-group neutron
flux diffusion equations, along with the delayed neutron equations,
are used to model and analyze the behavior of neutron flux in
nuclear systems. They help us understand how neutrons move
and interact within a reactor. These equations take into account
factors like neutron diffusion, neutron generation and the effects
of delayed neutrons. The Cartesian two-dimensional and two-
group of neutron flux diffusion and delayed neutron equations is
presented as:
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where ¢ is the neutron flux, 4;' is boundary area of cell, J""is
volume of cell, j is the directed current averaged and average net
leakage currents along transverse directions respectively, 2,1 <

is the neutron macroscopic removal cross section (absorption
and out scatters plus, if considered, the leakage through the non-

modeled dimensions)for each group, > is the neutron

5,8 —>g
macroscopic scatters cross section, Vg,z/'gr is the neutron fission
cross section, ke, is the effective multiplication factor, y, for each

group is defined as:
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Figure 2: Definition of nodal expansion method on the boundary of a cartesian 2D cell.

(a)

b)

Figure 3: Highly Enriched Uranium (HEU) core: 1 be source, 4 Control rod (C), 14 Fuel elements (F) and 1 half fuel

Table 1: Cross-sections of reactor in cm.

element.

Region Group D (cm) Xa (1) vIfg (1) cm X1- (1) cm
A 1 1.5 0.01 0 0.02
2 0.4 0.08 0.135
1 1.5 0.01 0 0.02
B 2 0.4 0.085 0.135
1 1.5 0.01 0 0.02
¢ 2 0.4 0.13 0.135
1 2 0 0 0.04
P 2 0.3 0.01 0
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1 2 0 0 0.04
E 2 0.3 0.055 0
. 1 2 0 0 0.02
2 0.3 0.055 0
7, =1 g=1 external emphasis, parting source (F) is refreshed with these
motion esteems. The removal cross-sections, ¥, , are summation of
=0 g=0 (2) absorption, ¥ _and scattering, 2, as:
(2) could be divided as:

(5. 2 U Tgm) +

s=r,l

z:fj, 1 {JgWS ]gWS}

X g = DX ()
X G = m T
+Eff g'=1vg' f.e (r)¢g' (r) 3)

where H and L are dimension of cell. In regular center count,
homogenization mistake is caused because of the conservation of
just response rate. The brokenness factor which is the proportion
of heterogeneous motion to homogeneous motion of the hub, is
acquainted with saving both response rate and surface arrived at
the midpoint of current at the same time and along these lines stay
away from this homogenization blunder. These components are
remembered for the connection between active and approaching
incomplete flows through one surface of a hub and approaching
incomplete current through a similar surface of a neigh boring hub.
These elements are to be determined by some cross-section code,
before dissemination count. Successful augmentation factor is
determined by doing a number of internal and external emphases.
In internal emphasis, keeping the parting source consistent,
neutron motion is determined from halfway flows which are gotten
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The integration of the equation above yields:
VI (N4 et (N=0,(N=L(N~L,() (5

where ng is the neutron macroscopic removal cross section
(absorption and out scatters plus, if considered, the leakage through
the non-modeled dimensions) for each group, Q is source term for

4

group g, L, and L, are leakage terms.
Heat and mass transfer

A sub-channel control volume in a reactor core is a node cell of
an assembly. Control volume presentation could be used for mass
conservation, axial transverse momentum equations and energy
equations. Figure 4 presents the control volume for porous body
analysis. When considering the axial flow rate of a selected sub-
channel control volume, we're looking at the mass transport within
that specific volume. It involves analyzing how the fluid or material
is flowing along the axial direction in that particular region. This
is important for understanding the distribution of mass and how
it affects the overall system behavior. Mass transport for the axial
flow rate of the selected sub-channel control volume is:

oa

— V@) +V-(ad-a),) =0 (6)

where & is the void volume fraction, and V is velocity. The
subchannel control volume for continuity is shown in Figure 5.

Figure 4: Control volumes for porous body analysis.
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Figure 5: Subchannel control volume for continuity.

Momentum transport:

where p;is the volume density of phase j, p is pressure, 4 is
aa,pViV;)

+V(a,pVV)=-V(ap)+ the viscosity and m; is mass generation, R is the velocity constants
ot e ! for entrained flow. The subchannel control volume for momentum
2 m : . .
NV, +miV. +R, v, - V,) + balance is shown in Figure 6.
vds
ajpjg—V-(ijjVj), (7)
Mglay = j Pz 0A Pliay,..,
2+ 48z -f
| Wiv; Jaz =J.I pu,v,dsdz
b Az :;’
Vl’;]"u,iAz
WAT”;] Az
. Plia,
MVliny = J pv3 dA )
’ (An),,
Figure 6: Subchannel control volume for momentum balance.
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Energy transport:
o(a,p;h,)
ot

2 m m
ajﬂjV T.—q; +mkjhj,sat,

+V-la,pV;h)=

®)

where £, is entalpy of phase j, 4, is thermal conductionof phase
Jj, 47 is heat sources from fission, h,,sat, is saturation enthalpy of
phase j. Heat transfer is a discipline of thermal engineering that
concerns the generation, use, conversion and exchange of thermal

energy (heat) between physical systems. Heat transfer is classified
into various mechanisms, such as thermal conduction, thermal
convection, thermal radiation and transfer of energy by phase
changes. Engineers also consider the transfer of mass of differing
chemical species (mass transfer in the form of advection), either
cold or hot, to achieve heat transfer. While these mechanisms have
distinct characteristics, they often occur simultaneously in the
same system. Subchannel control volume for energy (enthalpy)
balance is shown in Figure 7. The above equation can be re-written
for a porous medium as:

rﬁ,h,|(,,ﬁ,k’: I pv;hdA
(A, sz

q"dP,0z = (q' )y, Az

A
az

w.,{h'}Az=;—,” pv, hdsdz

y+
Az s

n.'ihllw)h =I pv,hdA

(A,

Figure 7: Subchannel control volume for energy.

Mass transport:

oe,a,p))
P )

where &, is the porosity. Momentum transport that moves the
system towards mechanical equilibrium:

oa,p,V)) Rva (a,pV}V))
ot &£

+V-(a,pV))=my

=-V(¢,a,p)
s
VAV (W RV -V
NV, A —(mgV, + R, (V, =V)
&y
tepa;p,8+ kY (10)
where g is gravity vector and F is body forces comes from

porous matrix. Convection heat transfer is energy transport due
to bulk fluid motion. Convection heat transfer through gases and

liquids from a solid boundary result from the fluid motion along the
surface. Since Energy transport in fluid:
e, ph;)
ot
2 m m "
a;e, AVT, +qg—q +mgh,,sat,

+Vela,pVV))=

a1

Conduction is the process by which heat energy is transmitted
through collisions between neighbouring atoms or molecules.
Conduction occurs more readily in solids and liquids, where the
particles are closer together than in gases, where particles are
further apart. Since Energy transport in solid:

a(1-¢,)p.c, T
ot
+q.=q5 — 495 —q4- (12)

=(1-¢,)AV°T,

where q is source term is solid.
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Numerical Modeling

For the CFD analysis of a nuclear reactor, the mesh sizing can
vary depending on the specific requirements of the simulation. It
is important to have a well-refined mesh near areas of interest,
such as the reactor core or coolant channels, to capture the flow
and heat transfer accurately. Typically, a combination of fine and
coarse mesh elements is used to balance computational resources
and accuracy. The exact mesh sizing would be determined through
careful consideration of the reactor geometry, flow conditions and
desired level of detail in the analysis. At this moment will first
rapidly portray the nodal advancement technique and a short time
later give the authentic methodology for the course of action of
coming about conditions as executed in the code made here. We
will consider just static issues as the code has been done and tested
for static issues. Finally, results for various benchmarks will be
shown. moreover, differentiated and the available reference results.
The above showing thought has been applied to a movement of
gas releases from 50m significance. The computational grid was
created from a coarse uniform framework which was refined on
different occasions towards the point of convergence of the peak as
depicted by Olsen and Skjetne [13] with a center objective of 8cm.

Likewise, the stream in the release zone isn’t settled. Because of
this the air pocket size close to the release zone didn’t rely upon the
stream desires, anyway on a definite fly model [27]. For assessments
on length scales, it should be seen that the Kolmogorov length scale
moves between 3mm and 5cm in the peak, the sub-grid wild length
scale is between 5cm and 1m inside the tuft, and up to 50m in the
water outside the peak and the close by mean air pocket size is
around 35mm. Table 2 presents a grid convergence study. The used
mesh has a total number of 23,876 elements. The following Table
demonstrates the application of the above procedures in conducting
a grid convergence study. The objective of the CFD analysis was to
determine the maximum temperature in the system. The flow field
is computed on four grids, each using finer than the previous grid.
The number of grid elements in the table below indicates the grid
information and the resulting temperature reported and computed
from the solutions final. Each solution was properly converged with
respect to iterations.

Table 2: Grid convergence study.

Grid | Number of Elements Maximum Temperature Relative
Error
1 4592 0.0305
2 9835 0.01854
3 14,327 0.0096178
Results

Our outcomes unmistakably show that power versus time isn’t
steady, restricted to the supposition of MIM. The reactor displays
two phases with time. Stage 1, preceding the full advancement
of the fixation field in the streaming system: increments as the
blending line between the streaming and stale locales is expanding.
Stage 2, after the full advancement of the focus field in the
streaming immersion, diminishes slowly because of the draining

fixation inclination over the interface between the streaming and
stale locales. Thus, the ever-diminishing drags out the blending that
demonstrates the overestimation of the mass conversion standard
in the MIM model.

Figure 8 shows the thermal flux at the reactor versus length.
The variable rate coefficient was additionally detailed in the test
results, in spite of the fact that the examinations didn’t catch the
long-haul conduct of the mass trade because of the brief term of the
analyses. Our outcomes bolster the trial study and obviously show
that conversion standard shifts with time and immersion.

0.6

05

o
S

=0 =20 kW Numerical
=0 =60 kW Numerical
=0 = 100 kW Numerical
=8 =200 kW Numerical
s 20 KW Experiment
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0

0 2000 4000 6000 8000
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Active fuel Length m
(=] o
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Figure 8: Validation of results by comparing the heat
flux profile at various nuclear power levels.

Figure 9 shows the Cross-sectional temperature profile through
the porous region. Our outcomes suggest that the current mass
trade models don’t catch the long-haul conduct of blending in the
two-stage stream. This comprehension has direct ramifications
for altered Saltiness Water Flooding (MSWF) systems. While the
infused water can supplant the development of saline solution
inhabitants in the streaming locales at a brief timeframe scale, the

stale districts will stay filled by the arrangement of salt water for a

longer time.

T -Te (K)

40
30
20
10
0

Figure 9: Cross-sectional temperature profile through
the porous region.
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Figure 10 shows the Cross-sectional velocity profile through the
porous region. The high saltiness water in the stale districts will be
bit by bit weakened with the infused altered saltiness water, which
is constrained by the mass swapping scale. As our outcomes appear,
the mass swapping scale coefficient diminishes with time, which can
drain the MSWF execution at any longer time scale. Besides, since
the measure of dormant immersion shifts with all-out immersion,
it is conjectured that the presentation of wettability adjustment
would fundamentally change at various immersions. The results
of the calculations showed that the maximum temperature in
both calculations is sufficiently less than 100 °C, which indicates
that without changing the current flow rate of the core, the heat
produced can be well removed without two-phase distributions.

Velocity magnitude (m/s)

A 017
0.15
0.1
0.05
0
vo

Figure 10: Cross-sectional velocity magnitude and
vector through the porous region.

As shown in Figure 10 the maximum velocity inside the domain
is less than 1m/s which is less than the critical miller velocity rate
in the channels between the fuel plates (12m/s). Right now, a clear
and thorough meaning of the perceptible fine weight is proposed,
which follows normally from the use of the strategy for volume
averaging to interface properties in multiphase frameworks. The
connection between the naturally visible slender weight and the
normal properties of the medium is given by the plainly visible
energy balance for the liquid interfaces, in a structure that can be
deciphered as a summed-up Young-Laplace condition at the full

scale. Figure 11 shows the cross-sectional pressure profile through
the porous region. This area incorporates results from the persistent
vitality heterogeneous center, the adapted 3-D center, and an
adapted 2-D form of the center. All outcomes are from center models
using center evenness; that is, they model a 1/12 spiral segment
and, for the 3-D designs, a 1/2 hub segment. Eigenvalue results
are given for all center setups with their comparing vulnerability.
Parting thickness results are additionally displayed. Due to the
enormous number of pins in the center, it is unreasonable to list
esteems for every single individual pin; in this way, square-level
splitting thickness results are given for all squares in each center.
Information is exhibited in tables utilizing the square numbering
plan introduced in Figure 8. Pressure shown in Figure 11 is in a
stratified regime which prevents any further vortex in the system.

Pressure (Pa

x10°

-0.22
-0.51
-0.81
1.1
-1.4
-1.69
-1.99
— -2.28
——— -2.57
-2.87
-3.16
-3.46
-3.75
-4.05
-4.34
-4.63
-4.93
5.22
-5.52
5.81

Figure 11: Cross-sectional pressure profile through the
porous region.

Application of the CFD analysis shows the maximum velocity
inside the domain is less than 1m/s which is less than the critical
miller velocity rate in the channels between the fuel plates
(12m/s). Figure 12 shows the cross-sectional temperature profile
through the porous region. Figure 12 contains the square found
in the middle value of parting thickness esteems for the entirety
of the squares in the heterogeneous center. These qualities have
been standardized with the end goal that the normal square in the
center has a parting thickness estimation of 1. For the case with all
poles out, the vulnerability in the splitting thickness is extended.
Pin splitting thickness results for the completely heterogeneous
ceaseless vitality centers are excluded, as the peruse may compute
these dependent on the determination itemized in the past
segment. In the accompanying area, parting thickness esteems
are given at the pin level to the adapted multigroup centers, as
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these are relied upon to be valuable for benchmarking multigroup
transport techniques. The results of the calculations showed that
the maximum fluid temperature in both calculations is sufficiently
less than 100 °C, which indicates that without changing the current
flow rate of the core, the heat produced can be well removed
without two-phase distributions.

T -Te (K)

60

50

30

20

10

Figure 12: Cross-sectional temperature profile through
the porous region at SO0kW.

The calculations demonstrate the natural convection in the
system is enough to guarantee of safety for the studied research
reactor. As shown maximum temperature reaches about 40
and 60 rice in cases of loading with 300kW and 500kW power
without considering shut down of the reactor. The results are valid
shutdown ranging from 0.1s up to 109s. Albeit two-stage liquid
stream in permeable media has been a set-up investigative field
for a considerable length of time, its hypothetical foundation is as
yet inadequate. Specifically, while an all-inclusive meaning of fine
weight exists at the miniaturized scale, its upscaling to the full scale
is still rather obscure. Figure 13 shows the cross-sectional velocity
profile through the porous region. Figure 13 shows the consistent
state temperature circulations along vertical focus lines at x = Om
and an even line along the x-pivot at y = Om. As can be found in
Figure 13, the vertical temperature appropriations at the hub
position of 1.8m, 1.2m and 0.0m are fundamentally the same as one
another, showing the stream is almost two-dimensional. The most
extreme temperature happens at the upper right locale of the tank
as appeared in Figure 13. Application of the CFD analysis shows the
maximum velocity inside the domain is less than 1m/s which is less
than the critical miller velocity rate in the channels between the
fuel plates (12m/s).

Velocity magnitude (m/s)

A 027

0.2

0
vo

Figure 13: Cross-sectional velocity magnitude and
vector through the porous region at SOOkW.

Pressure (Pa)

x103

-0.22
-0.51
-0.81
-1.1

-1.4

-1.69
-1.99
-2.28
-2.57
-2.87
-3.16
-3.46
-3.75
-4.05
-4.34
-4.63
-4.93
-5.22
-5.52
-5.81

Figure 14: Cross-sectional pressure profile through the
porous region at S00kW.

In the CFD analysis of natural convection in a research nuclear
reactor, the criteria include studying the flow velocity, temperature
distribution, and pressure drop within the reactor. CFD simulations
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are used to analyze the behavior of the coolant, the heat transfer
mechanisms, and the overall thermal performance of the reactor.
This helps to ensure the reactor operates safely and efficiently.
Figure 14 shows the cross-sectional pressure profile through the
porous region. Figure 14 shows the consistent state temperature
disseminations along vertical focus lines at x = Om and a level
line along the x-pivot at y = Om. Figure 14 shows that the vertical
temperature dispersions display fundamental uniqueness along
the y-hub. This implies the stream design along the hub bearing is
less uniform, that is, more three-dimensional than that of Case. The
more grounded planes at the channel spouts framed a progressively
lively stream blending in the cylinder pack locale. The comparable
impact is additionally appeared in the flat temperature profile as
appeared in Figure 14. Pressure distribution shows a stratified
regime which is preventing any further vortex in the system.

Conclusion

Adaptability and flexibility were introduced to the research
reactor traditional design, allowing for greater support of a
wide variety of advanced research and investigation. The porous
media approach is applied in a common nuclear power plant.
Characteristics of thermal energy removal from a typical research
reactor are modeled by numerical thermal transport in porous
media. The neutron flux is modeled by the nodal expansion
method. The nodal extension technique explains the dissemination
condition. In CFD, a convergence study refers to the process of
determining when the solution has reached a stable and accurate
state. It involves iteratively solving the governing equations of
fluid flow until the solution no longer changes significantly with
each iteration. The convergence criteria are typically based on
certain parameters, such as residual values or solution error, which
indicate the level of accuracy achieved in the simulation. The goal is
to obtain a converged solution that provides reliable and consistent
results.

To acquire the coupling between the hubs the nearby motion
inside every hub is communicated by utilization of a polynomial
development. Regarding the thermal-hydraulic evaluation for
heat removal in the reactor core, a representational 2D model
was simulated. By applying maximum generated heat with an
assumption of high temperature, the simulated model did not
exceed safety limits. At full operation power of 50kW the natural
convection was sufficient for removing the generated heat. The
extension is one-dimensional, so inside every hub such three
developments happen. To compute the development coefficients,
it is essential that the polynomial extension is an answer for the
one-dimensional dispersion condition. At the point when the
one-dimensional dispersion condition is built up a term with
the transversal spillage happens, and this term is extended after
similar polynomials. The subsequent condition framework with
the development coefficients as the questions are tackled with a
weighted remaining system. For the thermo-hydraulic part, a three-
dimensional governing equation is solved by an iterative method
to find the steady-state solution of fluid flow and temperature
in loss of coolant condition where the core is cooled by natural
convection. The profiles of heat flux for various power levels are

benchmarked. Pressure, temperature, and velocity contours in the
hot channel were assessed at 500kW and 300kW power levels. To
reduce the computational cost, a porous media approach for the
whole geometry was utilized. The developed model can be used for
safety and reliability analysis for various loss of coolant accidents.
Finally, the integral 2D neutronic and thermohydraulic modeling
was done to analyze a re-search nuclear reactor. The model shows
that temperature values are under the critical values through loss
of coolant accident. As well a porous model was used to reduce the
computational time.

The main results are:

A. The calculations demonstrate the natural convection in the
system is enough to guarantee of safety for the studied research
reactor. As shown maximum temperature reaches about 40
and 60 rice in cases of loading with 300kW and 500kW power
without considering shut down of the reactor. The results are
valid shutdown ranging from 0.1s up to 109s.

B. Application of the CFD analysis shows the maximum velocity
inside the domain is less than 1m/s which is less than the
critical miller velocity rate in the channels between the fuel
plates (12m/s).

C. The results of the calculations showed that the maximum
water temperature in both calculations is sufficiently less than
100 °C, which indicates that without changing the current
flow rate of the core, the heat produced can be well removed
without two-phase distributions.

D. Pressure distribution shows a stratified regime which is
preventing any further vortex in the system.

In conclusion, the conceptual design of the reactor has

demonstrated its power enhancement capabilities while
maintaining safety limits, which is of high importance in terms
of enhancing reactor utilization for a larger window of time.
Nevertheless, the proposed analysis requires further thermal-
hydraulic evaluations and should be the subject of future studies
to demonstrate its safety and feasibility further. The high-power
configuration should be further evaluated to ensure its performance
and safety. Comprehensive thermal-hydraulic analysis should be
conducted to evaluate the safety of the proposed configuration.
Additionally, a sensitivity analysis should be conducted to identify

any potential weaknesses in the proposed design.
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