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Abstract

Investigations using computational fluid dynamics (CFD) have been conducted on a 2 x2 rod bundle
that has been wrapped with both straight and helical spacer wires. The bundle has been wrapped with
both types of spacer wires. There have been investigations conducted in this regard. The wires that
have been coiled have been wrapped around another rod bundle that has been looped around them.
An examination and investigation into the employment of helical wire spacers have been carried out
in the past. This assessment and investigation have been carried out. To construct flow disseminations
in the rod bundle, it is possible to use a commercial computer to solve the equations for the
conservation of mass, momentum, and energy that are contained within the Ansys Fluent software.
This will allow the flow disseminations to be constructed. The generation of flow disseminations will
be made possible as a result of this. During its passage through the rod bundle, it is possible to
observe that the supercritical water flows not only in the axial direction but also in the transverse
direction. This is something that can be accomplished. At this point, it is possible to make this
observation. Specifically, this is because the spacer is wrapped in a helical form, which permits the
water to flow in both directions. This is the reason why this occurs. As a result of the presence of this
transverse flow, the coolant is dispersed among the subchannels in a manner that is even more
comprehensive than it would have been under any other set of circumstances.
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INTRODUCTION

Among the six Generation IV reactors currently under investigation by the Global Initiative for
Nuclear Energy (GIF), the supercritical water-cooled reactor (SCWR) is the most promising. This is
because it has enhanced thermal efficiency, in addition to the fact that its components have been
simplified. Both factors contributed to this result.
In the core of the reactor, grid spacers are
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responsible for providing support for the fuel rod
bundles and for carrying out the mixing of fluids in
the subchannels. Grid spacers are also responsible
for ensuring that fuel rod bundles are properly
supported. Grid spacers were positioned inside the
core of the reactor where the reactor was located. It
has been proven that it is possible to bring about
significant changes in the flow structures and heat
transfer characteristics using a spacer grid. This
was demonstrated by the fact that it was possible to
bring about these changes [1, 2]. The wire-
wrapping spacers not only preserve the geometric
structure of the rod bundle but also contribute to
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the facilitation of fusion within the flow field and play a role in the transfer of heat. In addition, they
play a role in heat transfer. In addition, they are also involved in heat transmission. This is because
they can actively participate in the process of heat transmission. Furthermore, this is in addition to the
mechanism that they utilized to guarantee that the geometric structure of the rod bundle is maintained.
This is in addition to the original mechanism [3,4]. Optimizing the fusing process is vital because it
reduces the temperature at hot locations, which in turn reduces the possibility of damage to the fuel
covering. Therefore, it is extremely important to improve the fusion process. In addition, it raises the
safety margin, which in turn increases the overall probability that no one will get any injuries
throughout the course of the event [5,6]. The wire wrap structures contribute to the development of a
powerful tangential flow provision on the surface of the fuel rod. This is in contrast to the situation in
which the wire wraps would generate regional disruption at the location of the spacer and the
immediate next area. In contrast to the circumstances that would have arisen if the wire wraps had
been utilized, this is the condition that has transpired. However, spacer grids produce regional
disturbances not only at the location of the spacer but also in the region that is provoking the next
spacer. This is because the spacer grids are responsible for producing regional disturbances. To put
this into perspective, in contrast to the situation described earlier, this is called the situation [7-9]. As
a result, both the temperature contour of the coolant contained within the rod assembly and the
required pumping capacity of the coolant are reduced. In addition, the temperature contour of the
coolant is reduced. The amounts of both components were reduced to levels that correspond to their
respective constituents. As an additional enhancement, the temperature contour of the coolant has
been reduced as a consequence of this, which is yet another improvement that has been made. The
temperature contour of the coolant was reduced compared to that initially. This is another alteration
that occurred. This pertains to the enhancement that was implemented. The fact that this has been
accomplished is that it cannot be refuted in any scenario. Consequently, the maximum temperature of
the cladding decreases, which cannot be prevented regardless of the circumstances. This fallout
cannot be prevented under any circumstances. In light of the fact that this particular event took place,
this result will be brought about. The effects that will result from this predicament cannot be avoided
under any circumstances. There is no way to avoid the consequences of this position, and there is no
way to prevent them from occurring under any circumstances. However, it is impossible to find a
solution for this issue [10-13]. Additionally, wire-wrapped spacers may also have the ability to
increase heat transmission, which is yet another prospective application of these spacers that may be
applied. In addition to the potential benefits mentioned earlier in the literature, this additional potential
benefit is also within the realm of possibility. One of the potential benefits that might be achieved via
their utilization is the acquisition of this prospective benefit, which is one of the potential benefits that
could be obtained through their utilization. This is a really useful development in the present period,
considering the fact that it is common information that the SCWR assembly suffers a reduction in heat
transmission, which is a really good development. The reason for this scenario is that there has been a
reduction in the amount of heat carried out, which results in this circumstance [14].

NUMERICAL MODEL

It should be brought to attention that the commercial program known as Ansys Fluent 2021 was the
one that was utilized in each and every one of the simulations that were carried out. This information
is necessary to attract attention. Shared information is important. Because of the geometry displayed
in Figure 1, it can be seen that the Ansys spacecraft was utilized to successfully conclude the process
of constructing the geometries from the beginning to the end. During that particular time period in
history, the knowledge that was readily available to the general public was utilized to arrive at the
proportions that were achieved [15].

Governing Equations
Continuity Equation for steady state

a%(/?uj) =0 (1)
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Figure 1. Geometry of helical wire-wrapped rod bundle.

Momentum equation for steady state

Gl _ _Op
o (owu; — 75) = — o ()
Energy equation for steady state
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Boundary Conditions

It is applied to the inner wall of the rod, which results in a steady heat flow of 400 KW/m? being
given to the rod. Although the temperature at the inlet was 419.3°C, the pressure of the fluid was
maintained at 25 megapascals (MPa). This was performed even though the temperature was
maintained. One of the most important aspects that was considered was ensuring that the mass flux at
the intake remained constant at 1000 kg/m?s.

Grid Independence Test

For the goal of this evaluation, a study was conducted on the independence of the mesh was carried
out in order to establish the quantity of mesh pieces that would be most effective in accomplishing the
desired results that were wanted. Because the information shown in Table 1 indicates that the relative
inaccuracy of the sectional pressure between mesh 2 and mesh 3 is 1.62 percent, the study was
conducted using mesh 2 in its entirety from beginning to end.

Table 1. The relative inaccuracy of the sectional pressure between mesh 2 and mesh 3.

Mesh | Number of elements (millions) | Sectional pressure (Pa) | Relative error (%)
1 7.1 4825 -

2 8.2 4669 3.23

3 12 4593 1.62
RESULTS AND DISCUSSIONS

Each and every one of the results was computed at a sectional plane that was located 500
millimeters away from the starting point of the domain. This procedure was performed throughout the
process.

Velocity Vector
Figure 2 illustrates that the velocity vector of the rod with helical wire wrapping is greater than that of
the rod with straight wire wrapping. This was observed from a comparison between the two velocity
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vectors. This serves as an illustration of the connection between two different wraps of the wire. The
swirl will be broader in helical wrapping, which makes it simpler to observe the mixing. This is
because the swirl is more widespread. A greater quantity of mixing leads to a higher degree of
homogeneity in the temperature distribution, and it also leads to an improvement in the heat transfer

from the rod to the fluid. Both these outcomes are a consequence of an increase in the quantity of
mixing.
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Figure 2. Velocity vector of (a) helical wire, and% straight wire.

Pressure Drop

The average pressure drop for the helical wire was 4669 Pa at the sectional plane, whereas the
pressure drop for the straight wire wrap was 4235 Pa. Both the pressure drops were reported. The
distinction between these two values is as follows.
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Figure 3. Pressure drops of helical and straight wire-wrapped rod bundle.

Figure 3 provides an illustration of this crucial information. The pressure drop will certainly

increase as the number of spins increases because of the increased resistance. Because of the increased
resistance, this is the result.

CONCLUSIONS

In light of the findings of the investigation presented previously on the helical and straight wire-
wrapped rod bundle with supercritical water serving as the fluid, the following conclusions can be
drawn:

1. First, the helical turns produce an increase in the transverse velocity, which in turn causes the

swirl to grow, which in turn causes the heat transfer phenomenon that occurs between the rod
and fluid to increase.
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2. An increase in the pressure drop is caused by helical wrapping, which may increase the
pumping power of the fluid. The helical wrapping resulted in an increase in the pressure drop
experienced. However, if we want the heat transfer to be more evident than the pressure
decrease, helical wrapping of the wire is preferred. This is because the heat transmission is
more noticeable.

REFERENCES

L.

2.

10.

11.

12.

13.

14.

15.

Zang J, Yan X, Li Y, Zeng X, Huang Y. The flow resistance experiments of supercritical pressure
water in 2 X 2 rod bundle. International Journal of Heat and Mass Transfer. 2020;147:118991.
Zhao M, Wang F, Badea AF. Evaluation and development of heat transfer model for supercritical
water flowing in 2 x 2 rod bundles with spacer grid. International Journal of Heat and Mass
Transfer. 2021;165:120651. doi:10.1016/j.ijjheatmasstransfer.2020.120702.

Lin J, Huang M, Zhang S, Wang B, Huang J, Matsuda H, et al. CFD investigation for a 7-pin
wrapped-wire fuel assembly with different wires. Annals of Nuclear Energy. 2021;164:108582.
Lyu K, Sheng X, Ma X, Wang H, Shi W, Cheng Z. Numerical investigation of thermal hydraulic
behaviors in wire-wrapped bundle with smaller wire diameter of peripheral rods. Annals of
Nuclear Energy. 2021;163:108526. doi:10.1016/j.anucene.2021.108526.

Liang Y, Zhang D, Chen Y, Zhang K, Tian W, Qiu S, Su G. An experiment study of pressure
drop and flow distribution in subchannels of a 37-pin wire-wrapped rod bundle. Applied Thermal
Engineering. 2020;174:115311. doi:10.1016/j.applthermaleng.2020.115283.

Todreas N, Chen SK, Pacio J. Adventures in study of the pressure losses in wire-wrapped rod
bundle arrays. Nuclear Engineering and Design. 2020;370:110934.
doi:10.1016/j.nucengdes.2020.110910.

Qiu H, Li J, Dong Z, Wang M, Tian W, Su GH. Numerical study on inter-wrapper flow and heat
transfer characteristics in liquid metal-cooled fast reactors. Progress in Nuclear Energy.
2023;155:104534. doi:10.1016/j.pnucene.2022.104534.

Liu S, Zhu D, Li X, Tian R. CFD investigation of flow and heat transfer of supercritical CO: in
wire wrapped rod bundle. Nuclear Engineering and Design. 2023;410:112405.

Li J, Xiao Y, Cong T, Xiong Z, Gu H. Numerical analysis of the subcooled boiling phenomena in
a wire-wrapped annulus. International Journal of Heat and Mass Transfer. 2023;201:123519.
doi:10.1016/j.ijheatmasstransfer.2022.123594.

Li Y, Wei T, Feng S, Sun R, Tian R, Tan S. Numerical study on flow and heat transfer of lead—
bismuth eutectic in wire-wrapped fuel assembly under typical ocean condition. Nuclear
Engineering and Design. 2024;421:112740. doi:10.1016/j.nucengdes.2024.113076.

Hata K, Fukuda K, Mizuuchi T. Laminar natural convection heat transfer from vertical 7 x 7 rod
bundles in liquid sodium. Journal of Nuclear Engineering and Radiation Science. 2019;5:021002.
doi:10.1115/1.4042356.

Xiao Y, Pan J, Gu H. Numerical investigation of spacer effects on heat transfer of supercritical
fluid flow in an annular channel. International Journal of Heat and Mass Transfer. 2018;121:343—
353. doi:10.1016/j.ijheatmasstransfer.2018.01.030.

Wang H, Bi Q, Leung LKH. Heat transfer from a 2 x 2 wire-wrapped rod bundle to supercritical
pressure water. International Journal of Heat and Mass Transfer. 2016;97:486-501.
doi:10.1016/j.ijheatmasstransfer.2016.02.036.

Shan J, Wang H, Liu W, Song L, Chen X, Jiang Y. Subchannel analysis of wire wrapped SCWR
assembly.  Science and  Technology of Nuclear Installations. 2014;2014:1-8.
doi:10.1155/2014/301052.

Podila K, Rao Y. Computational fluid dynamic simulations of heat transfer from a 2 x 2 wire-
wrapped fuel rod bundle to supercritical pressure water. Journal of Nuclear Engineering and
Radiation Science. 2018;4:011008. doi:10.1115/1.4037747.

© STM Journals 2025. All Rights Reserved 5



