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ABSTRACT
The purpose of this report was to compare the numerical analysis for different cooling efficiency of a cable tunnel
system when installing one additional cable trough or three cable troughs for cable circuit 100% or 70% heat
load. Cable tunnel system is widely known for it is use for high voltage transmission in an underground. Due to
the cables generating large quantities of heat, water pipes and air ventilation were used in the tunnel to cool down
the transmission cable. To investigate the cooling efficiency of a tunnel, research for benchmark case was carried
out. A Computational Fluid Dynamic (CFD) benchmark analysis about 2D natural convection inside the square
cavity was investigated to further understand the air movement inside the square medium. Ansys Fluent was
carried out for benchmark cases of heat transfer natural convection inside the square cavity and to check whether
Ansys Fluent can be used for any CFD and heat transfer purposes by validating the results with previous studies.
The benchmark case used a 2D square with different active temperature side walls and adiabatic walls for top
and bottom side. From the benchmark simulations with different Rayleigh Number, a number representing
buoyancy-driven of a fluid from 10° to 10° affected air differently and the heat transfer natural convection inside
the square. At different Rayleigh Number air forms a recirculation passing the active walls and adiabatic walls.
After investigated the benchmark, the results were used to validate with previous studies. To validate the results
was by using Nusselt Number, ratio of convective to conductive. The benchmark case results were validated and
Ansys Fluent proven can be used for CFD and heat transfer purposes. Two 3D cable tunnel were modelled with
100-meter length after concluded the benchmark. The two tunnel models were based on the number of cable
troughs installed. The first tunnel was with one cable trough and two cable circuits on the bottom, as for the
second tunnel was with one bottom cable circuit and three cable troughs. Cable tunnel simulations were based
on cable circuit for 100% heat load and 70% heat load with each heat load case was given different water flow
rate of 4.25 L/s and 6.5 L/s. A total of eight scenario cases were carried out to determine which provided a better
cooling efficiency choice. The analysis for cable tunnel cases on how the copper cables cooled down through heat
transfer of natural convection inside the cable trough, which the heat then was removed from the cable circuit by
air and continue to the outside of the tunnel. During the heat transfer processes, conductivity was present as not
all heat were removed by air and water, but continue to through the walls of the tunnel and to the ground soil.
Based on the simulations, a cable tunnel with three cable troughs was proven more cooling efficiency compared
tunnel with one cable trough. Some scenarios did not meet the criteria, due to insufficient heat relocation by air
and water. The cooling efficiency was determined by which has the better balance heat relocation by air, water,
and ground, also considering the comfort and safety of human inside the tunnel.
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I. INTRODUCTION

Cable tunnel system is an underground electricity cable used for transmit a high voltage of electrical
power for a long distance. Tunnel system was used to provide the power distribution, data communication, and
transport infrastructure for commercial, industrial, and residential usage. The cable tunnel system is located
underground due to cables extending several kilometers, minimizing the used of space, and reducing visual
impacts of cables if it is in public areas. Since the cable tunnel generates heat from transmitting power at high
voltage, to prevent failure of the cable due to overheat, air ventilations and water tunnel pipes are required in the
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tunnel to cool down the temperature of the cable. The environmental surrounding of the cable when performing
heat exchange can also affect the temperature of a soil and surrounding air. The 3D Computational Fluid Dynamic
(CFD) modelling design for the cable tunnel with the use of Ansys and require the process of the heat transfer in
the tunnel can be examine through the modelling and simulations. For a standard CFD modelling tunnel ventilation
design, the modelling of the 3D for the cable tunnel must be accurately exact as intended to obtain an accurate
result. Things to consider are the aerodynamic phenomena in the tunnel, boundary conditions, and the geometry.
Due to the limitation of the computer that used to perform the simulation and analysis for the cable tunnel system,
the geometry of the tunnel and cable was simplified with length of 100 meter.

Il. LITERATURE REVIEW

Due to the cable tunnel system transmit through cables at a high voltage producing a large quantity of
heat, a cooling from the air ventilation is needed to remove the heat. When air enters from the ventilation to heat
exchange with the cables when transmitting power, the air temperature increases along the length of the cable
tunnels until it leaves the tunnel. Davies, Revesz, and Maidment (2019) used methods such as Cold Led Head
Recovery (CLHR) system and Heat Lead Heat Recovery system (HLHR) to cool the tunnel temperature [1-6].
The CLHR method using the air to heat exchange with the water at the end of the ventilation system. While the
HLHR method is at the exhaust ventilation shaft, it however does not provide cooling for the electrical cables.
But depends on the air ambient temperature and the applied temperature can change the result but the two methods
were able to recover of heat. Example of a cable tunnel design from Singapore located 2.6 km undersea by Jensen
and Adi-Zadeh (1988), the heat generated by the power was removed by the cooling water system and a ventilation
system through heat transfer calculations and basis for structural stress analysis. A 100 meters long tunnel with
the maximum cable loading of power station at 2000 MV A and 230 kV with seven cable circuit designed for 500
MVA [7-10] are arranged in flat for the power circuit and cooling pipes cover with lean mix concrete with a
thermal conductivity of 0.8 W/m K for each cable producing different heat, with four cables generating 365 W/m
heat, one cable generate of 89 W/m, and two cables generating 181 W/m. The method that was used for cooling
the heat of a cable was with the water-cooling system, by having each power circuit linked to two piped cooling
water circuits with each pipe has a water flow rate of 3 kg/s at a maximum outlet temperature of 40 °C. and second
method the tunnel ventilation using the environment to control the tunnel atmosphere by installing six axial flow,
vertical mounted, two speed, two stage, contra rotating [11-19], reversible fans. Regarding to a multi-scale
analysis for a Utility tunnel the design of the tunnel divided into three or four compartments to contain pipelines
with different hazard levels. The compartment has fire-rated walls and isolated zones doors. Accommodation of
the tunnel consist multiple utilities such as water, sewerage, gas, electrical power, telephone, and heat supply. As
the utility tunnels meant for sustainable development of cities [20-31], fire problem has not been focused on for a
long time. Despite not enough attention of the fire problem, the ventilation system is expected guarantee the safety
of the pipelines, fire fighters, and structures.

When heat is transferred through the movement of a heated fluid or gas this phenomenon heat transfer is
called convection. In convection energy is redistributed from hotter areas to cooler areas. Convection heat transfer
can be a natural convection and forced convection [32]. The heat exchange change of temperature within the cable
trough from a cable tunnel system is the natural convection due to the fluid movement from air temperature
surrounding the cable to go upward direction due to a buoyancy force. Natural convection is a heat transfer
between a solid and moving fluid or gasses such as water or air with different temperature for a heat to move that
occurs by natural causes such as buoyancy. Buoyancy force is the upward force applied from a fluid on a body by
completely or partially. Natural convection mechanism of heat transfer is applicable for cooling of electronic
equipment such as power transistors or the main case of the cable tunnel is the heated cable. As an object with
high temperature is exposed to a cold air, the temperature [33-40] outside of the object have a heat transfer with
the cold air causing the outside temperature to decrease and the air temperature near the object increases. As the
motion of the heated air temperature near object causing the lower density for the air, this motion is called the
natural convection current. Without the current or the buoyancy force the heat transfer would be considered as
conduction rather than convection.

Natural convection in square cavity is the natural convection of heat transfer in a square close confined
space due to temperature differences causing a heat transfer through buoyancy forces. This natural convection
involves the Navier-Stokes equations, where the fluid with solid wall or no-slip boundary condition. The top and
bottom sides of the square are assumed in adiabatic or perfectly insulated. The left side of the square is considered
as cold temperature and while the right side as the hot temperatures causing the air inside of the cavity to
experience change of temperature and behavioral. Previous case of study on natural convection inside a square
cavity has been conducted by many scientific researchers in engineering to improve cooling of electronics.
Numerical study for natural convection of air inside square cavity with partially thermally active side walls by
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Kane, Mbow, Sow, and Sarr (2017) [41-45] shows that different heights of velocity values and temperature can
be fluctuated by convection and cause the air movement to go upward and downward. The contours of velocity
vector maps have the existence of stagnant zone in the center of cavity indicating a heat exchange in an intense
way at the corners of cavity with the fluid particles move greater at locations of the wall that has active temperature
and less movements in the adiabatic side of the wall.

Effect of fluid-structure interaction on transient natural convection in an air-filled square cavity by A.
Raisi and i. Arvin (2018) stated that the increase of Rayleigh number [46-48] can affects the interaction of fluid
and structure and strengthens the natural convection inside the cavity. This study uses an object of thin deformable
baffle located horizontally in center of the square cavity. The length of the baffle provides different results of the
thermal performance in cavity depends on the Rayleigh number [49-54], as the baffles increase in length at low
Rayleigh number weakens the natural convection and reduces the average Nusselt number. However, high
Rayleigh number with the increase length of the baffle resulting a strong vortex and increase of average Nusselt
number.

1. INVESTIGATE THE BENCHMARK CASE

Investigate the natural convection inside a square cavity through Computation Fluid Dynamics (CFD)
with the use of Ansys. Natural convection inside the square cavity on the heated region and cold region of the
walls at different Rayleigh number can affects convection of the air fluid. Air was used as fluid in this benchmark
to study the natural convection by the buoyancy force and how the airflow affected towards temperature
differences. Dimensionless number of Nusselt number was used for validation results since it is ratio of convection
and conduction heat transfer. Results of this experiment were to be compare with previous studies to validate the
results and determine whether Ansys fluent provides accuracy that can be used for heat transfer and CFD
modelling. Through Ansys Workbench [55-61], Ansys fluent was used for the study of 2D natural convection
inside the square cavity. Geometry was set at 2D to create the computational model for square shape geometry
with dimensions of 1 x 1 meters and mesh of 82 x 82 was generated for element size of 0.01 m with each edge
side of the geometry were given edge sizing mesh to make it denser. Figure 1 shows how the square geometry
with mesh generated look like.

Figure 1 The square cavity setup

To analyze the benchmark case was by through with three simulation scenarios based on the different
temperature from the hot temperature wall value and this simulation was related to the Rayleigh number, a number
associated with buoyancy-driven of a fluid. Table 1 is the list of different scenarios case were carried out for the
simulation benchmark.
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Table 1 List of scenario case for benchmark.

Rayleigh Number Hot wall temperature (K)
1000 14.1723356
10000 141.723356
100000 1417.23356

The simulations were run with 1000 number of iterations using SIMPLE method and assumed with no-
slip wall conditions. After run the simulations, results were analyzed and discussed the airflow inside the cavity.

@ e

Velocity
0.05 0.06
0.04
0.04 0.04
0.03
0.03 0.03
0.02
0.02
0.01 001
0.01
m ] et
O e
0.25
0.22 0.20
0.19
0.16
014 0.14
0.11
0.08 0.07
0.05
0.03
00 e
[m s*-1]
©) Velosy )
0.86
0.77 072
087
0.58
0.48 0.48
0.38
0.29 024
0.19
0.10
0.00 0.00
[m s*-1] [ms*-1]

Figure 2 Velocity contour and vector results for (a) Ra = 103, (b) Ra = 10% and (c) Ra = 10°.

Stagnant zone from inside of the cavity can be seen to all three Rayleigh number case results. As the
Rayleigh number increases, the stagnant zone started to widen until velocities are more focus to the active wall
temperatures rather than adiabatic side of the walls. According from Kane, Mbow, Sow, and Sarr (2017), the
existence of the stagnant zone indicates of heat transfer taking place in an intense way located at the corners of
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the square cavity and at high Rayleigh number the circulation flow is more set to the upper left side and to lower
right side forming a symmetrical flow of two cells recirculation filling the cavity. However, Kane, Mbow, Sow,
and Sarr (2017) study [62-69] was conducted by having partially active walls, while this report focuses on full
side of active walls. The recirculation did not focus on the upper corner left side and lower corner right side of the
walls.

High Rayleigh number from 10° the recirculation was more focus to the active thermal side of the cavity
wall. As the flow circulate in the cavity due to the temperature differences of the cavity walls, each different
Rayleigh number case effects the fluid motion differently. The flow circulates in anticlockwise direction forming
a vertex surrounds the stagnant zone. Based from the results of velocity contour that as the Rayleigh number
increases so does the buoyancy forces and convection inside the cavity causing the flow for convection of air
increase intensely. At the heated region of the wall, the air was less dense and transport upward due to the
buoyancy force. At cold region of the wall, flow was transport downward. Since top and bottom side of the walls
were adiabatic, fluid flows inside the cavity with no heat transfer or changes. The circulation surrounding the
cavity walls can be seen when the Rayleigh number is at 10% and 10%. When the Rayleigh number at 10° from
figure 2 that the flow was more focus to the active walls and less to the adiabatic walls. The recirculation was due
to the flow when leaving the hot or cold region of the wall, the air was freely move to upward or downward
direction. This recirculation indicates symmetrical flow of a fluid.

Validation was taken by comparing the present numerical results of average Nusselt number from Ansys
Fluent software with previous researchers that have conducted studies relating to the natural convection inside
square cavity. Table below are the presented result taken from Ansys and compare with previous studies.

Table 2 Nusselt number from Ansys Fluent compared to previous studies.

Rayleigh number Nusselt number Nusselt number Nusselt number Present
(de Vahl Davis, 1983) (Nithiarasu et al., 1997) (A.Raisi, 2018)

10° 1.116 1.127 1.118 1117

10* 2.238 2.245 2.246 2.248

10° 4.509 4521 4523 4.531

The experimental results provide similarly to those studies natural convection from previous researchers
and how different Rayleigh number can affect the fluid flow inside the cavity. Such as at low Rayleigh humber
flow of fluid filled the cavity and when the Rayleigh number increases, the recirculation appeared and was more
focus on to the active thermal sides of the walls. Stagnant zone appeared to all three Rayleigh number cases that
indicated of heat transfer located at the center cavity. Because the results taken from Ansys fluent were similar
from previous studies, it can be concluded that Ansys fluent can also be used for CFD solver and heat transfer
modelling.

1IV. PROPOSED WORK FOR CABLE TUNNEL CASE

After investigated the benchmark case, a 3D tunnel model was constructed with simplified by having
only the right compartment of half a tunnel. The approach from simplified was to be made it easier to replicate of
an actual model to be use for analysis and easy processing to provide valid results. Front side of the tunnel is
where the inlet for air to flow until to the outlet of the tunnel. Thickness of the wall were carried out by the Ansys
Fluent for the conduction effect and assumed with no-slip wall condition. For this study two tunnel models were
constructed with the use of Design Modeler from Ansys Fluent. The two tunnel models have a different number
of cable troughs of one cable trough and three cable troughs with the tunnel length having 100 m. The tunnel
models have two different kind of cable circuits with the first cable circuit located on the bottom of the tunnel and
surround with concrete. As for the other cable circuits is the cable trough, an air-filled housing for cables that
attached on the side of the inner tunnel. Both cable circuits have water pipes installed with copper cables. Figure
3 is how the cable circuits are arranged in the tunnel.
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Figure 3 On the side of the tunnel is the cable trough and the one on the bottom is the cable circuit surround with
concrete.

This study was to compare the heat efficiency based from the number of cable troughs and determine
which was more efficient based with given different water flow rates and heat loads scenarios. Due to the copper
cable generated large amount of heat inside the cable trough, water pipes and air inside the troughs were used to
remove the heat to prevent overheating. As the heat was removed from the cable trough, it was transferred by the
air from the tunnel’s air ventilation to the tunnel outlet. During the heat transfer by air, some of the heat was
conducted through the tunnel concrete walls and causing the heat transferred into the ground soil. Figure 4 shows
how the tunnel model design with different number of cable troughs.

Figure 4 Comparison view for tunnel with one cable trough and three cable troughs.

For tunnel with one cable trough has two bottom cable circuit based on the design from Singapore cable
tunnel and for the design of the three cable troughs was by replacing one of the bottom circuits with another cable
trough. As for the water pipes from the cable circuits were in counterflow direction. This due to counterflow
direction provide more maximum efficiency of heat transfer. Figure 5 shows how the direction of the water pipes.
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Figure 5 Water flow direction from the water pipes.

The red arrow indicated inlet flow of the water flowrates and orange arrow for outlet water flow, both
directions causing a counterflow heat exchanger with the cables. Different scenarios for the tunnel model were
based on heat loads and water flowrate for each model. The energy source for each scenarios case were set at
different values based on the heat loads scenarios. The heat source value use for bottom concrete was 120 W/m
per circuit and the air-filled cable trough has the heat dissipation rate of 113 W/m per circuit. Based on the heat
release for number of cable trough and existing cable circuits in the tunnel, the heat dissipation for one cable
trough tunnel model was 30 W/m per cable, while the three troughs model was 40 W/m per cable. Table 3 present
how different scenarios were implemented for the two tunnel models.

Table 3 List of scenarios cases.

Case No. Number of cable troughs Heat load % Water flowrate
1 1 100% 4.25 /s
2 1 100% 6.5 L/s
3 1 70% 4.25 L/s
4 1 70% 6.5 L/s
5 3 100% 4.25L/s
6 3 100% 6.5 L/s
7 3 70% 4.25L/s
8 3 70% 6.5 L/s

The tunnel model has the radiation exchange in an enclosure of gray-diffuse surfaces. The exchange of
energy between two different surfaces depends on the size, distance, and orientation based on Surface to Surface
(S2S) Radiation Model Theory. The model neglects any absorption, emission, or scatter of radiation. As it focuses
on surface-to-surface radiation. The advantages of this model provide good modelling transfer of radiative without
the need for participating media. Limitation of this model is unable to be used for participating radiation problems,
does not support semi-transparent boundaries, and does not support hanging nodes or hanging node adaption on
radiating boundary zones. The S2S model equations are based on the energy flux transfer from a surface with
emitted and reflected energy. Energy leaving from a surface is based on a reflected energy flux relying on the
incident energy flux from the surroundings. As discussed from the benchmark case, fluid is heated, the density of
the fluid varies with temperature and flow of the fluid can be affected by force of gravity based on the density
variation. The buoyancy force in a natural convection flow can be measured with the ratio of dimensionless
number Grashof number and Reynolds humbers.
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Standard k-& model was used for this case. The standard k- model is one of two equation model that
determine the turbulent length and time scale through the two transport equations. The transport equations are
based from kinetic energy (k) of the turbulence and the dissipation rate (¢). For this standard model of a turbulence,
the assumption made is that it is fully turbulence and the effects of molecular viscosity are negligible. The standard
k-& model transport equation can be shown below.

[é] a a ok
a(pk)+a_m(pkui)=a_xj[(ﬂ+ﬁ_;)a_xj]+Gk+Gb_p5_Ym+Sk @)
[é] [é] a a 2
5 (02) + 5 (peug) = 5 |+ ) ae | * Ciegp G+ Gacl) = Goep S 4S:

Gk is the kinetic energy of turbulence due from the mean velocity gradients, and Gy, is the Kinetic energy of
turbulence due to the buoyancy force. Yn is the contribution of the fluctuating dilatation in compressible
turbulence to the overall dissipation rate. C;, Cy, and Cs. are constants. Gk and ¢ are the turbulent Prandtl number
for the kinetic energy and dissipation rate. Sy and S, are terms for user-defined sources.

Based on the system, the energy balance can depend on the surroundings. It can be isolated, open system,
and closed system. Isolates are where there is no energy or mass transfer between the system and surroundings.
The closed system has energy but no mass transfer while the open system has energy and mass transfer. For heat
it uses Q represents the energy flow due to the temperature difference can usually be defined as positive when
transferred from surroundings to the system. To analyze the heat transfer rate from cable tunnel system by air,
water, and ground the heat balance in a system as heat generated by copper in the cable can be arranged for the
equation shown below.

Qtotat = Qwater T Qground + Qair 3)

To determine the heat energy of water and air, it can be determined by general heat energy equation by
multiplication of mass (M), specific heat (C), and change of temperature (AT). The equations for water and air
can be rewritten below.

Qwater = CwaterMwater (Tout — Tin) 4)
Quir = CairMair(Toy: — Tin) (%)

For ground is based on the heat transfer coefficient multiple by the different temperatures from the tunnel wall
and temperature ambient.

Qground = heat transfer Coeffident X (Ttunnelwall - Tambient) (6)

Qutal Can be represented as heat generated by the copper wire from the cable tunnel system which the equation
can be written as.

Qtotar =L X gXxXn (7
L is the length of the copper core, q is the cable circuit heat generation rate, and n is the number of cable circuits.

Temperature contours and vector results are illustrated based from the eight different case scenarios with
different numbers of cable troughs for 100% and 70% heat load and as well with water mass flow rate of 4.25 L/s
and 6.5 L/s. Results were taken at XY plane of the geometry model at central tunnel of 50 m. For some cable
troughs the heat transfer was expected to be higher than the rest of the cable circuit. The reason for low heat
transfer from some of the cable troughs could due to some only have the natural convection occur while the other
cable circuits have exchange heat through conductivity. Figure 6 and Figure 7 shows the temperature contour for
one cable trough and as for three cable troughs at Figure 8 and Figure 9.
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Figure 6 Tunnel with one cable trough temperature contour results for (a) 100% heat load and (b) 70% heat load
with 4.25 L/s water flow rate.
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Figure 7 Tunnel with one cable trough temperature contour results for (a) 100% heat load and (b) 70% heat load
with 6.5 L/s water flow rate.
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Figure 8 Tunnel with three cable troughs temperature contour results for (a) 100% heat load and (b) 70% heat
load with 4.25 L/s water flow rate.
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Figure 9 Tunnel with three cable troughs temperature contour results for (a) 100% heat load and (b) 70% heat
load with 6.5 L/s water flow rate.

Temperature contours for one cable trough result for heat load 100% from figure 6 show the air
surrounding inside the cable trough experience differently on how air removes heat from copper cable. For heat
load 100% and 70% with water mass flow rate of 6.5 L/s having higher air temperature, this could be due to faster
flow rate from the water pipes in counterflow direction increases heat transfer resulting air taken away more heat
by sending the removed heat to outside of the cable circuit. For bottom circuits of the tunnel, heat from both
circuits were mostly removed by conductivity heat transfer to the wall tunnel which continue to the ground soil.
For the three cable troughs model similarly with the results from tunnel one cable trough, a larger flow rate
provides a better heat transfer but with additional number of cable trough the heat transfer for different heat loads
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and water flow rates were similar. Inside the cable trough, the airflow experiences a recirculation during the heat
transfer of natural convection similarly from the benchmark case that can be shown at figure below.
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Figure 10 Enlarge view for natural convection inside the cable trough for heat load 100% with water flow rate
4.25 L/s.

Velocity
0.31

0.23

0.15

0.08

0.00
[m sA-1]

Figure 11 Enlarge view for natural convection inside the cable trough for heat load 100% with water flow rate
6.5 L/s.

DOI: 10.9790/1813-14010421 www.theijes.com Page 14



Differences for cooling capacity of a cable tunnel system: install one or three additional ..

Velocity
0.28

0.21

0.14

0.07

0.00
[m s”-1]

- G

Figure 12 Enlarge view for natural convection inside the cable trough for heat load 70% with water flow rate
4.25L/s.
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Figure 13 Enlarge view for natural convection inside the cable trough for heat load 70% with water flow rate
6.5 L/s.
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Figure 14 Enlarge view for three cable troughs for heat load 100% with water flow rate 4.25 L/s.
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Figure 15 Enlarge view for three cable troughs for heat load 100% with water flow rate 6.5 L/s.
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Figure 17 Enlarge view for three cable troughs for heat load 70% with water flow rate 6.5 L/s.

The aerodynamic inside the cable trough circuit for tunnel model with one cable trough can be seen in
Figure 10, Figure 11, Figure 12, and Figure 13 for enlarged view velocity vector on how air rise due to high
temperature and go down when air cool down. A circulation present at different areas of the cable trough circuit

DOI: 10.9790/1813-14010421 www.theijes.com Page 17



Differences for cooling capacity of a cable tunnel system: install one or three additional ..

due to direction movement of air at different temperature. Based from benchmark case natural convection inside
the square cavity that a circulation is present through natural convection by buoyancy force. As for cable tunnel
with three cable troughs behave differently than tunnel with one cable trough, the circulation was mostly located
on the top center spot from the top three cable trough circuit and less to near the water pipes.

From Ansys Fluent, temperature changes were recorded for temperature outlet of water, air, and the
conductivity to the ground. Heat relocation results were calculated for 100-meter tunnel model are presented
below with two tables based on the one cable trough model and three cable troughs model respectively.

Table 4 Summary of CFD results for tunnel with three cable troughs.

Component 100% Heat load with 100% Heat load with 70% Heat load with 70% Heat load with Criteria
4.25L/s 6.5 L/s 4.25L/s 6.5 L/s
Tunnel Air (°C) 32,0 —82.61 32.0—>32.62 32.0—>82.44 320 —82.44 <45°C
Water pipe within 320 —2.10 32.0—>82.04 32.0 —82.07 32.0—>82.03 <45°C
cable trough filled
air, Top (°C)
Water pipe within 32.0—>82.10 32.0—>82.04 32.0 —82.07 32.0—>82.03 <45°C
cable trough filled
air, middle (°C)
Water pipe within 32.0 32.11 32.0—>32.04 32.0—>32.08 32.0 —>82.03 <45°C
cable trough filled
air, bottom (°C)
Water pipe within 32.0—>32.22 32.0 —82.09 32.0—>32.15 32.0—>32.06 <45°C
bottom cable
circuit (°C)
Maximum copper 74.10 78.76 66.18 66.36 <90°C
Q)
Water flow rate in 4.25 6.5 4.25 6.5 -
pipe of cable
trough Air filled at
top (L/s)
Water flow rate in 4.25 6.5 4.25 6.5 -
pipe of cable
trough Air filled at
middle (L/s)
Water flow rate in 4.25 6.5 4.25 6.5 -
pipe of cable
trough Air filled at
bottom (L/s)
Water flow rate in 4.25 6.5 4.25 6.5 -
pipe of bottom
circuit (L/s)
Total water flow 12.75 19.5 12.75 19.5 -
rate (L/s)
Maximum air 3.22 3.23 3.23 3.22 <5m/s
velocity (m/s)
Average Air 2.73 2.73 2.73 2.73 -
velocity (m/s)
Heat transfer 20.52% 12.44% 15.11% 8.89% -
Water
Heat transfer Air 48.13% 48.52% 34.72% 34.72% <50%
tunnel
Heat transfer 31.35% 38.64% 50.96% 56.40% -
Ground
Table 5 Summary of CFD results for tunnel with one cable trough.
Component 100% Heat load 100% Heat load 70% Heat load with | 70% Heat load with | Criteria
with 4.25 L/s with 6.5 L/s 4.25L/s 6.5 L/s
Tunnel Air (°C) 32.0—>32.59 32.0—82.65 32.0—82.44 32.0—>82.47 <45°C
Water pipe within cable 32.0—>32.08 32.0—>82.04 32.0—>82.06 32.0 —32.03 <45°C
trough filled air, bottom
(°C)
Water pipe within bottom 320 3230 32.0—>82.12 32.0—82.21 32.0—82.09 <45°C
cable circuit (°C)
Water pipe within second 32.0 —82.25 32.0—>32.10 32.0—>82.17 32.0 —%2.07 <45°C
circuit (°C)
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Maximum copper (°C) 83.18 88.99 68.23 74.13 <90°C
Water flow rate in pipe of 4.25 6.5 4.25 6.5 -
cable trough Air filled

(L/s)

Water flow rate in pipe of 4.25 6.5 4.25 6.5 -
bottom cable circuit

Water flow rate in pipe of 4.25 6.5 4.25 6.5 -
second cable circuit

Total water flow rate 12.75 19.5 12.75 19.5 -
(L/s)

Maximum air velocity 321 321 3.21 3.21 <5m/s
(mfs)

Average Air velocity 2.73 2.73 2.73 2.73 -
(mfs)

Heat transfer Water 31.02% 20.02% 18.12% 14.63% -
Heat transfer Air tunnel 60.53% 66.69% 45.14% 48.22% < 50%
Heat transfer Ground 8.45% 13.29% 36.74% 37.15% -

Conductivity to the ground from one cable trough model for 70% heat load and all three cable troughs
result removed heat about 31% - 56%, which was very high for ground. The reasonable amount for ground should
be around 10%. Majority of the heat should have taken out by water about 50% and the rest by air as it should be
sending out through the outlet of the tunnel. Tunnel with three number of cable troughs for 100% heat load with
water flow rate of 4.25 L/s is recommended for cooling efficiency, it provided heat release more efficiently and
balance as it releases more by water 20.52% and air 48.13%. For air should not be higher than 50%, consideration
for human being comfort inside the tunnel it was not recommended for air to be anything higher than 50%. For
copper cable, the middle cable trough circuit from three cable troughs model has the highest temperature of 78.76
°C for 100% heat load, while for 70% heat load was 66.18 °C. As for the one cable trough model reached
temperature of 88.99 °C for 100% heat load and 74.13 °C for 70% heat load.

V. CONCLUSION

A 3D Computational Fluid Dynamics (CFD) analysis was conducted on a 100-meter cable tunnel system
based on different number of cable troughs were investigated with eight scenarios cases. The scenario cases were
based on varying cable circuit for heat load at 100% and 70%, with corresponding water flow rate of 4.25 L/s and
6.5 L/s. Just as the 2D square from benchmark case, the tunnels were modelled with no-slip wall boundary
condition. The tunnel was design by only with a half tunnel of the right compartment side. This is meant to simplify
the model as the approach from simplified was to be made it easier to replicate of an actual model to be use for
analysis and easy processing to provide valid results. Each cable circuit housed two water pipes and three copper
cables. As for the cable trough it was air-filled. The analysis focused on evaluating cooling efficiency by assessing
heat loss through air and water. Heat from copper cables was transferred by the water flow in a counterflow
direction, and the subsequent heat was expelled by air to outside of the tunnel. Results indicated that 100% heat
load yielded higher temperature results than 70% heat load.

To choose which was providing less heat for a tunnel, the 70% heat load met the criteria as it was sufficient
for generating less heat. For criteria given of max temperature for copper cables must be less than 90 °C, both heat
load scenarios passed the criteria. Copper cable from the three cable troughs model produced less heat than from
one cable trough model. The heat relocation for one trough model shown for 100% heat load with 6.5 L/s had heat
removed by air 66.69% and conductivity to the ground about 13.29%. As for 100% heat load with 4.25 L/s the
conductivity ground was 8.45% with heat removed by air 60.53%. The more reasonable amount for ground should
be around 10%. Results for one cable trough model at 70% heat load for all water flow rate scenarios and results
for all three cable troughs scenarios, the heat transfer to the ground was high from 30-56%, resulting in insufficient
heat relocation by air and water.

To determine the better choice of cooling efficiency was by which scenario has more balance with heat
relocation by water and reasonable amount for air despite the high conductivity to the ground. Conclusion for the
simulations, the tunnel model with three cable trough model provided a better choice compared tunnel with one
cable trough. The one cable trough model heat relocation met the cooling requirements criteria for water and
ground, but due to the air was heated up too much for about 66.69%, not recommended for human to be inside
the tunnel. It is to be noted that Ansys Fluent Student and Teaching version were used to run these simulations,
for an actual tunnel model design it is recommended require a much more powerful PC specifications for RAM
and better CPU or GPU. It also suggested for Industry version for Ansys to be used for better accurate result. For
a model to close as an industrial version, it is suggested the length of tunnel should be around 2000-3000 meters.
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