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Abstract

Direct-immersion liquid-cooled charging cables, which feature high heat dissi-
pation efficiency, have a wide range of application in pile-side electrical connec-
tions of high-power mobile charging equipment. However, the power line con-
ductors in the cable may deviate from the center of the liquid-cooled pipes under
external forces, since the power line conductors are only fixed by rigid connec-
tion components at both ends, during use. This will result in uneven heat distri-
bution on the cross-section of the coolant pipes, leading to local thermal aging
of the pipes and thus reducing the service life of the cables. To address this issue,
aliquid-cooled pipe model with internal helical-grooved channels was proposed
in this paper, which utilizes its geometric structure to induce transverse liquid
flow and enhance heat transfer. COMSOL Multiphysics was employed for the
simulation calculation. The results showed that the liquid-cooled pipeline with
an internal spiral groove can effectively improve the lateral temperature uni-
formity when the power line is eccentric by improving the fluid motion shape.
This achievement provides theoretical support and a technical path for efficient
thermal management of high-power charging station cables.

Keywords

Super Fast Charging Cable, Liquid Cooling, Heat Dissipation, Liquid
Cooling Pipeline

1. Introduction

The rapid expansion of the Electric Vehicle (EV) market scale has greatly pro-
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moted the development of EV charging piles. Currently, the energy replenishment
efficiency of EVs is limited by charging current. An excessively high charging cur-
rent tends to cause severe heating of the charging pile cables, accelerates the ther-
mal aging of the charging cables, and in severe cases, may even trigger fires. Im-
proving the charging efficiency of EVs and enabling rapid energy replenishment
for vehicles have become important approaches to addressing the EV range anxi-
ety. As a heat dissipation solution for cables in high-power scenarios, research on
the thermal management liquid cooling technology is of great significance for en-
hancing power transmission efficiency and system reliability [1]-[3].

A liquid-cooled cable typically comprises power conductors, insulation layers,
cooling channels, ground wire, and control and signal harness, which are covered
by a sheath after being stranded to form a cable. For direct-immersion oil-cooled
cables, the conductor cores are embedded in hollow insulating tubes, which are
filled with circulating insulating oil. The heat generated by the Ohmic losses of
power line conductors is directly carried away by the circulation of insulating oil
and cooled down by cooling pumps [4]. This direct contact method between con-
ductors and coolant features high heat dissipation efficiency and a simple struc-
ture, making it one of the important solutions for realizing pile-vehicle connection
in high-power charging terminals.

In the calculation of current-carrying capacity for direct-immersion liquid-
cooled cables, it is generally considered that the cable core conductor is located in
a coaxial position with the coolant pipe. In practice, the power line conductors are
directly immersed in the coolant inside the cooling pipe, fixed only by connection
terminals at both ends, without fixed brackets between the conductors and the
pipes. The actual position of the conductor inside the pipe is related to the stress
on the conductor and its bending state. It is difficult for the conductor to be com-
pletely coaxial with the pipe, and local “eccentricity” or even “wall contact” may
occur. When the conductor deviates from the center of the pipe, moves closer to
one side, or even fits tightly against the inner wall of the pipe, it will deteriorate
the coolant circulation in local areas. As a result, the local temperature of the
pipe’s inner wall becomes much higher than that in other areas, leading to rapid
local thermal aging of the conductor cooling pipe and ultimately affecting the ser-
vice life of the entire cable [5] [6].

In the design of liquid cooling systems, due to the no-slip boundary condition
for liquid-solid interface load, local structural modifications are used to alter the
flow constraints of the fluid and regulate the magnitude and direction of flow ve-
locity [7] [8]. Compared with traditional straight pipes, in spiral grooved pipes,
the fluid at different positions exchanges more frequently with each other during
spiral motion. This significantly enhances the fluid mixing in the radial and cir-
cumferential directions, thereby effectively improving the heat transfer efficiency
between the fluid and the pipe wall. As a result, spiral grooved pipes are widely
used in heat exchange equipment with high heat flux density [9].

Modifying the structure of liquid-cooled pipes to improve the efficiency of fluid
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heat dissipation, enhance the uniformity of heat in liquid-cooled cables, and re-
duce the local temperature rise of cooling pipes is an effective measure to increase
the current-carrying capacity of liquid-cooled charging cables. To address the is-
sue of uneven temperature field distribution caused by cable core eccentricity dur-
ing the operation of direct-immersion liquid-cooled cables, this paper proposes a
liquid-cooled pipe structure with internal spiral grooves. By altering the circulat-
ing flow characteristics of the coolant, this structure enhances local heat dissipa-
tion, effectively reduces the local temperature of the cooling pipe when the con-
ductor is “eccentric”, and improves the heat dissipation performance of the liquid-

cooled pipe.

2. Principles

2.1. Losses and Heat Generation of Cables

Super fast charging for EV's generally adopts the DC charging mode, where the
dielectric loss of the medium can be neglected, and its heat source only includes
the Ohmic loss on the conductor. During the cable charging process, Ohmic loss
is generated due to the presence of resistance, and part of the energy is converted
into thermal energy, causing the cable temperature to rise. The Ohmic loss power
is proportional to the square of the current.
p-_t [a7dv (1)
20,y
where Pstands for Ohmic loss power, . is electrical conductivity, Vis heat source
volume, Jrefers to current density.
Meanwhile, since the signal wires, control wires, and grounding wires in the
cable carry very small currents—negligible compared with the charging current—
it is therefore considered that all the heat in the cable is generated by the charging

current.

2.2. Heat Dissipation Principles

When the liquid-cooled cables are in service, the Ohmic loss heat on the conduc-
tors will be transferred to the coolant via three processes: thermal conduction,
fluid convection heat transfer, and thermal radiation.

1) Thermal Conduction

Thermal conduction is dominant in the solid region. Heat transfer occurs be-
tween objects that are in contact with each other and have different temperatures,
or between different temperature regions within a single object. The thermal con-
duction process can be described by Fourier’s Law in terms of the heat transfer
efficiency in solids.

V.(kvT)+Q=pc " 2)
ot

where & is the thermal conductivity of the solid, VT is the spatial gradient of

temperature, Q is the heat source, referring to the heat generated by the Ohmic
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loss on the conductor when the charging cable is in operation. The p and crefer
to the density and specific heat capacity of the solid, respectively. The 0T/ot is
the time rate of change of temperature. According to the structural characteristics
of the cable, thermal conduction mainly occurs in the direction perpendicular to
the cable axis, dissipating heat from the cable conductor to other surrounding me-
dia. This in turn causes the temperature rise of the surrounding media.

2) Fluid Convection Heat Transfer

Convective heat transfer occurs between a fluid and a solid; it refers to the heat
transfer phenomenon that takes place when there is relative motion between the
fluid and the solid wall, as well as a temperature difference between the both. The
heat transfer between the core of a liquid-cooled cable and the coolant falls into
the category of forced convection, while that between the cable’s outer surface and
the air is natural convection. The coolant is driven and cooled by the pile-side
refrigeration unit, forming a liquid-cooling channel. This method utilizes the high
specific heat capacity and thermal conductivity of the liquid, and can achieve more
efficient heat dissipation compared with air cooling.

Throughout the entire physical process, fluid flow and heat transfer are coupled

with each other, and this complies with the law of conservation of energy.
oT
pCpE+pCpu~VT:V-(kVT)+Q (3)

where p is the mass density of the coolant, ¢, is the specific heat capacity of the
coolant at constant pressure; uz and kare the velocity and thermal conductivity of
the liquid, respectively. Q stands for the internal heat source, which is zero in this
problem.

At the wall of the liquid cooling channel, the thermal boundary condition com-

plies with Newton’s Law of Cooling.
q=-hAT (4)

where, A refers to the convective heat transfer coefficient, which is related to fluid
velocity, temperature difference, and interface characteristics. The A-value is a key
parameter in the design of liquid cooling systems since it has a positive correlation
with the heat transfer efficiency between the wall surface and the fluid.

3) Thermal Radiation.

Thermal radiation refers to the process in which radiant energy is emitted out-
ward due to the thermal motion of microscopic particles in a substance. Radiative
heat transfer, on the other hand, is the phenomenon where heat transfer occurs
between objects through the emission and absorption of thermal radiation. Dur-
ing the operation of the cable, the cable temperature rises due to Ohmic loss, and
heat radiates to the surrounding environment through the outer sheath of the ca-

ble. Radiative heat dissipation complies with the Stefan-Boltzmann Law.

P=0ye(T-T,) (5)

where, or=5.67¥107% (W/m?K*) is the product of the Stefan-Boltzmann constant;
Ti and T are the temperature of the emitter and receiver, respectively. When the
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external shape of the cable is fixed, its thermal radiation power is determined

solely by the temperature of its outer surface and the ambient temperature.

3. Structure and Modeling of Liquid-Cooled Cables
3.1. Working Principle of Liquid-Cooled Cables

As shown in Figure 1, when the charging system is in operation, current is trans-
mitted from the DC power supply to the charging gun via power lines. The charg-
ing gun is connected to the vehicle side through the vehicle-mounted charging
socket. The Ohmic loss heat generated by the charging current is carried away by
the coolant that runs parallel to the power lines inside cable, enabling temperature
rise management of the cables. Low-temperature coolant is pumped out by the
cooling system and delivered directly to the charging gun end through the coolant
inlet pipe. It is then split into two paths by the liquid distribution terminal at the
gun end, entering the cooling pipes of the positive and negative power lines re-

spectively, and finally flows back to the cooling system, completing the fluid cool-

ing cycle.
b4 3
T peee——— *—4—
! | | DC T 1.0n-board charging socket
= 2.Liquid-cooled charging gun

6 2 3.Coolant inlet pipe
= 5| > 4. Coolant circulation system

' = DC-
5.DC power supply
DC- : I |
I _::tl:;l: ¢ 6.Liquid-cooled charging cable
N /N _IiEmee——————==

Figure 1. Schematic diagram of liquid cooling circulation system.

3.2. Structure and Simulation Model of Liquid-Cooled Cables

During the manufacturing of liquid-cooled cables, power lines, control lines, sig-
nal lines, ground lines, and liquid-cooled pipes are usually stranded together into
a single cable, and encapsulated with a flexible outer sheath. As shown in Figure
2 is a cross-sectional diagram of the “water-immersed copper” type liquid-cooled
charging pile cable. The conductor is bunched copper wires covered with a tinned
copper wire braid. It has good flexibility and is not easy to loosen, which helps
maintain the cooling tube unobstructed. The braided copper conductor is placed
into the liquid-cooled pipe, where the coolant acts as the conductor insulation.
The liquid-cooled pipe and the independent water inlet pipe form a coolant cir-
culation path. The cooling system on the charging pile side continuously sup-
plies low-temperature liquid with constant pressure and flow rate to the cooling
pipe. The entire cable consists of 2 liquid-cooled power conductors, 1 grounding
wire, 1 water inlet pipe, and several signal wires. By adding appropriate filler
materials, comprehensive cabling is completed through co-directional bunch

stranding.
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signal wire

coolant pipe

coolant
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coolant inlet pipe

control wire harness

cable outer sheath

Figure 2. Schematic diagram of direct immersion liquid cooled charging
cable structure.

In this paper, the heat dissipation capacity and thermal distribution state of liq-
uid-cooled pipes under the condition of cable conductor eccentricity were stud-
ied. By optimizing the pipe structure, it improves the uniformity of the pipe’s tem-
perature field distribution and reduces local temperature rise. This paper took a
section of cable as the research object to establish a simulation model, as shown
in Figure 3(a). This paper mainly studies the influence of the internal structure
optimization of liquid-cooled pipes on convective heat dissipation. Therefore, a
single liquid-cooling unit was taken as the research object to study the flow field
and temperature field in a section of cable. For the convenience of comparative
study, three types of cooling pipe models are established, as shown in Figure 3(b),
namely spiral internal grooved pipes, straight internal grooved pipes, and tradi-
tional non-grooved pipe structures. They are referred to as Type 1, Type 2, and
Type 3 respectively hereinafter. The material properties of each component are

shown in Table 1.

(a) (b)

Figure 3. Simulation model of liquid cooled cable. (a) Cable cross-sectional structure; (b)
Internal structure of fluid pipeline.
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Table 1. Physical property parameters of cable material.

Structure Cable Core Insulator Cooling Pipe Coolant
Material Cu-OF EPDM XLPO Silicone oil
Quality density 8960 1450 920 975
Thermal
.. 400 0.24 0.35 0.15
conductivity
Specific heat
. 385 1700 2000 1630
Capacity
conductivity 5.59¢7 le-10 le-8 -
permittivity - 2.7 2.4 2.17

The operating parameters of the fluid can be calculated from the model dimen-
sions and coolant properties. When the fluid inlet pressure is 0.8 MPa, the outlet
pressure is 0.75 MPa, and the fluid flow rate is 15 L/min, the average flow velocity
of the fluid in the pipe is approximately 40 mm/s. The dynamic viscosity of the
dimethyl silicone oil used for cooling in the liquid-cooled cable is about 0.1 Pa-s;
the calculated Reynolds number of the fluid is approximately 1500, indicating that

the flow of the fluid in the pipe conforms to the laminar flow model.

3.3. Incentive Sources and Setting of Boundary Conditions

The power curve of a certain brand of electric vehicle during the cold-vehicle
charging process is shown in Figure 4. In a complete charging operation, the cur-
rent duration is much shorter than the steady-state temperature rise time constant
of the cable, so the thermal field calculation should adopt a transient field model.
For the convenience of analysis, the current in the cable was equated to the form
of a step function to study the cable heat dissipation and structural optimization
driven by a typical charging current sequence. The charging voltage is 1000 V, the
maximum charging current is 1000 A, and the charging duration is approximately

20 minutes with the maximum charging power at 1 MW. The cold-vehicle charg-

ing capacity is 300 kWh.
I_load(t) (A) o
1000 | ' - —
. 800 -
<
= 600 -
=1
‘_3 400 .
_
200 .
o | ] L
0 10 20
t (min)
Figure 4. Equivalent waveform of charging current.
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In the multi-physics field coupling calculation of this paper, a single liquid-
cooled power line was taken as the research object, and the multi-physics field
coupling computational method involving the electromagnetic field, flow velocity
field, and temperature field was adopted to analyze its heat dissipation perfor-
mance. In the simulation, the coupling interface between the electromagnetic field
and the temperature field is “electromagnetic-thermal”, with the Ohmic loss of
the current field taken as the heat source for the temperature field. The “non-
isothermal flow” was taken as the coupling interface between the flow field and
the temperature field; the velocity fluid in the temperature field was obtained
through the calculation of the flow velocity field. The computational domain of
the current field module only includes conductors. The two ends of the conductor
serve as the inflow and outflow ports for current. Inside the conductor, the current
lines are parallel to the conductor’s axis. The transient current waveform is shown
in Figure 4. The fluid was calculated employing the laminar flow module, with
the calculation domain including only the coolant. The fluid flow rate is 15 L/min
according to the operating parameters of the charging pile. The solid and fluid
heat transfer module was adopted to solve the temperature field, covering the en-
tire model domain. The coolant was set as fluid, with a given pressure at the inlet.
To facilitate the comparative study on the heat dissipation efficiency of different
pipeline structures, the outer surface of the cooling pipe was set as a thermal in-
sulation boundary, and the lateral heat exchange between the cooling pipe and
other components of the cable is not considered. The boundary condition of the
fluid field was set as a no-slip boundary.

The bottom surfaces at both ends of the model are set as symmetric boundaries

since the calculation model is a local part of the cable line.

4. Simulation Results and Analysis

4.1. Fluid Calculation for Pipes with Different Structures

Generally, the length of high-power charging cables ranges from 4.5 m to 7 m. Tak-
ing 6 m as a typical length of charging pile cable as an example, when the pressure
difference between the coolant outlet and inlet is 0.05 MPa, the pressure difference
between the fluid outlet and inlet in the cable segment model studied in this paper
is 833 Pa, assuming that the fluid pressure is uniformly distributed along the cable.

The calculated results of fluid velocity for the three types of pipes under the
same inlet pressure condition were as shown in Figure 5, which indicates that the
average coolant velocity was in the region of 150~160 mm/s. The fluid streamlines
are parallel to the pipe axis with no transverse component in the Type 1 and Type
2 pipes. Simultaneously, the flow lines of the fluid are no longer parallel to the
pipe axis in the Type 3 pipe due to the structure induction. The coolant velocity
includes both longitudinal and transverse components. The magnitude of the
transverse flow velocity is shown in Figure 5(b). The transverse velocity of coolant
in the Type 1 and Type 2 pipes is zero, while the transverse velocity in the Type 3

pipe is 12 mm/s in average and a maximum value of 32 mm/s, respectively.
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When the conductor is coaxial with the pipe, the spatial distribution and circu-
lation of the fluid exhibit good symmetry, and the pipe structure has little impact
on the temperature field distribution. When conductor eccentricity occurs, the
longitudinal velocity will decrease due to reduced local fluid volume on the eccen-
tric side of the conductor, and the longitudinal velocity will increase on the oppo-
site side, as shown in Figure 6(a). The transverse velocity components as shown
in Figure 6(b). There are no transverse velocity components in the Type 1 and
Type 2 pipes. The transverse velocity components of coolant velocity in the Type
3 pipe are related to the eccentric position of the conductor. The transverse veloc-
ity decreases in the direction of conductor eccentricity, while it increases in the
direction opposite to the eccentricity. The helical grooves inside the pipe induce
the local circulation pattern of the fluid through the geometric structure and pro-

mote the transverse convection of the fluid.

!
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Figure 5. Calculation results of fluid velocity field for different pipeline structures. (a) Fluid
velocity and streamline; (b) Lateral velocity component.
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(b)

Figure 6. Distribution of lateral velocity components of fluid with eccentric conductor. (a)
Longitudinal speed; (b) Lateral speed.

4.2. Temperature Field Analysis

For the three pipeline models in Figure 3(b), the temperature field variation dur-
ing a single cold-start charging process was investigated. In this problem, room
temperature (293.15 K) was taken as the initial temperature, and the outer bound-
ary of the model was set as a thermally insulated boundary. The temperature rise-
time response curves of the outer surface of the power line conductor are shown
in Figure 7 with the charging current sequence as shown in Figure 4. It can be
seen from the figure that the three models show similar temperature distribution
trends. At 22.7 minutes after the start of charging, the temperature rise reached
its maximum value; and then, as the charging current decreased until the end of
charging, the temperature rise of the conductor surface gradually decreased. Fur-
thermore, compared with non-grooved pipes, grooved pipes have an increased
fluid cross-sectional area, which leads to a higher flow rate. This improves the heat

dissipation efficiency to a certain extent and reduces the conductor temperature

rise.
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Figure 7. Temperature rise curve of conductor surface
with temperature variation.

4.3. Temperature Field Analysis for Conductor Eccentricity

Since the size of the fluid channel between the outer surface of the power line and
the inner wall of the cooling pipe varies with the position of the conductor, when

power line conductor eccentricity occurs, the fluid volume on the side close to the
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conductor decreases and the flow velocity decreases. This leads to local tempera-
ture rise on the eccentric side of the conductor, thereby resulting in uneven tem-
perature rise distribution on the cross-section.

This section studies the temperature field distribution on the inner side of dif-
ferent pipe structures under the condition of power line conductor eccentricity,
and the conductor eccentricity coefficient is defined.

Ar
R-r.

con

n= x100% (6)
where, Aris the distance by which the power line conductor deviates from the
center of the cooling pipe, R is the minimum radius of the cooling pipe; r.o, is the
radius of the power line conductor.

The impact of different pipe structures on pipe temperature rise was studied
when the eccentricity of the power line conductor was 80%. The temperature dis-
tribution diagram of the cooling pipe at the coolant outlet cross-section is shown
in Figure 8. As can be seen from Figure 8(a), when the conductor is eccentric, the
spatial distribution of the coolant and the change in local flow velocity cause the
temperature rise on the inner surface of the pipeline near the conductor to be sig-
nificantly higher than that on the surface far from the conductor, resulting in an
uneven temperature distribution across the same cross-section. Among them, the
local temperatures of the circular pipe (traditional non-grooved pipe) and straight-
grooved pipe are higher than that of helical-grooved pipe, which because the effect
of the structure-induced transverse fluid flow, enabling the rapid transverse dif-
fusion of local high temperatures and reducing local temperature rise.

The temperatures along the transverse cross-sectional lines on the inner wall of
the pipe were extracted, as shown in Figure 8(b). At the same conductor eccen-
tricity, the temperature distribution on the inner wall of the non-grooved pipe
shows a sinusoidal-like distribution along the circumference. For the straight-
grooved pipe, due to the cooling effect of the fluid in the grooves on the side where
the power line deviates, its maximum temperature is lower than that of the non-
grooved pipe. For the helical-grooved liquid-cooled pipe, the maximum temper-
ature is much lower than that of the other two structures. Moreover, on the side
opposite to the power line’s eccentricity, the minimum temperature of the pipe
wall is higher than that of the other two structures, resulting in higher temperature

uniformity across the pipe’s cross-section.
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Figure 8. Temperature field distribution during conductor eccentricity. (a) Temperature
distribution in fluid outlets; (b) Temperature curve of the inner wall of the pipeline.

4.4. Spiral Groove Optimization

From the above analysis, it can be concluded that the helical-grooved structure
could enhance the transverse heat dissipation efficiency by inducing forced trans-
verse convection of the coolant through its structural design. The ratio of the hel-
ical-groove pitch to the average inner diameter of the pipe was defined as the
pitch-diameter ratio, denoted as s The characteristics of the flow field and tem-
perature field with the value of yin the range of 5~15 were studied in this paper.
By comprehensively considering parameters including the longitudinal-trans-
verse fluid velocity, heat dissipation efficiency, and temperature uniformity, the
selection principle for the helical-grooved structure is determined.

As shown in Figure 9, as the helical-groove pitch decreases, the transverse fluid
velocity increases approximately linearly, while the longitudinal fluid velocity re-
mains basically unchanged; the fluid vorticity also increases approximately line-
arly, which effectively improves the transverse heat transfer efficiency. However,
under the same inlet pressure condition, an excessively small pitch will increase

the longitudinal flow resistance to a certain extent.

52

0.5
x _e_ viLateraI 150 o
% 04 —_—i— vﬁLong.imt‘ﬁnaI §
g Vorticity %‘
£ 031 2
g 148 ©
S o
> 0.2} :
14
0.1 M o ‘
g A ~ . -—g&
5 10 15
u

Figure 9. The influence of spiral channel pitch to diameter ra-
tio on liquid flow.

Set the eccentricity of the power line to 80%. Under the same load and fluid

pressure conditions, study the influence of the pitch-diameter ratio of the spiral
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channel on the temperature field distribution. Extract the maximum temperature
Timax and minimum temperature 7, of the inner wall of the pipeline at the fluid
outlet, and define the temperature uniformity coefficient as the ratio of the maxi-
mum temperature difference on the outlet plane of the cooling fluid to the alge-
braic mean value of temperatures.
P Ul ETY Y )
Tinax + Tonin

The smaller the value of 4, the more uniform the temperature distribution tends
to be on the same cross-section. As shown in Figure 10, this is the variation trend
of temperature on the same plane corresponding to different pitch-diameter ratios
of the helical groove. The transverse fluid velocity is relatively high with a small
value of 4, which is conducive to the transverse convective heat dissipation of the
coolant, thereby improving the transverse temperature uniformity.

With the pitch-diameter ratio increases, the transverse fluid velocity decreases,
and the transverse heat exchange of the fluid weakens. The value of 7i. in the
pipe and temperature difference in the same cross-section increase.

It can be seen from the figure that when the pitch-diameter ratio is small, the
helical groove structure has a more obvious temperature homogenization effect.
When the pitch-diameter ratio of the groove is greater than 12, the structure has
little or even no impact on the transverse temperature. With reference to the pro-
cessing technology and material properties of the cooling pipe, it is advisable to

select a pitch-diameter ratio of around 10.

360 T h

350

340

330g

Temperature(K)

320

310

) i)
5 10 15

Figure 10. The influence of pitch to diameter ratio of spiral
groove on temperature.

5. Conclusions and Discussion

To address the issues of excessive local temperature rise and accelerated aging in
the liquid-cooled pipeline of direct-immersion liquid-cooled cables, which are
caused by uneven heat dissipation when the cable conductor is eccentric, this study
proposed a heat dissipation pipeline with internal spiral grooves. By inducing

eddy currents to enhance transverse fluid movement, this design fully reduces the
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local temperature rise of the pipeline through transverse fluid heat exchange when
the cable power line is eccentric, thereby improving the thermal management ef-
ficiency of the liquid-cooled cable.

This study addressed the problem of excessive local temperature rise in liquid-
cooled pipes caused by uneven heat dissipation when the cable conductor is ec-
centric in the direct-immersion liquid-cooled cables. It proposes the use of heat
dissipation pipes with internal helical-grooved channels, which strengthen trans-
verse fluid movement by inducing eddy currents. When the power line of the cable
is eccentric, transverse fluid heat exchange is utilized to fully reduce the local tem-
perature rise of the pipes and improve the thermal management efficiency of the
liquid-cooled cables.

Under the extreme operating condition of cable conductor eccentricity, the in-
fluence of the pitch-diameter ratio of the helical grooves on the pipe’s temperature
uniformity coefficient and flow resistance was calculated. The results show that
when the pitch-diameter ratio of the helical grooves is in the range of 8 - 12, the
comprehensive performance of the cable pipes is optimal. For the optimized pipes,
when the coolant flow rate is within 50 L/min, the temperature difference between
the coolant inlet and outlet over a 100 mm length is controlled within the allowa-

ble range, which meets the design standards for ultra-fast charging cables.
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