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ABSTRACT Power cables are a vital component of the future electric power systems (EPS) envisaged
in wide body all electric aircraft (AEA). They are required to be high power delivery and low system
mass. Designing proper power cables for AEA faces thermal challenges due to the lower pressure of
18.8 kPa at the cruising height of a wide body aircraft. Due to the limited heat transfer at that pressure, the
temperature field distribution across the aircraft cable, mainly a function of pressure, surface emissivity, and
ambient surface geometry, is likely to diverge from that at atmospheric pressure. Moreover, temperature field
distribution affects the conductivity of the insulation, which in turn alters and may inverse the electric field
distribution across the DC cables. Therefore, a coupled multi-physics study should be conducted to calculate
the temperature field and electric field across the cable at different ambient temperatures and various possible
geometries of the ambient environment. In this paper, the temperature field distribution across a 5 kV DC
cable is studied at atmospheric and 18.8 kPa pressures. The voltage level of 5 kV was resulted from our
previous studies where we proposed new EPS architectures for a wide-body AEA. The main purpose of
this study is to obtain the maximum permissible current flowing the cable at the atmospheric and 18.8 kPa
pressures regarding the thermal limits of the cable. It is shown that at 18.8 kPa the maximum permissible
current flowing the cable is decreased by 14.75% compared to its value at atmospheric pressure when the
size of the ambient surface is 250 mm. Also, the electric conductivity and electric field across the cable
insulation are evaluated at different conductor currents and insulator temperature gradients.

INDEX TERMS Aircraft electrification, all electric aircraft (AEA), MVDC power cable, electric power
system (EPS), finite element model (FEM), heat convection, thermal analysis.

I. INTRODUCTION

Electrification of commercial aircraft has been the subject of
substantial research in recent decades to replace mechanical,
hydraulic, and pneumatic systems with electrical systems to
achieve more electric aircraft (MEA). In all electric aircraft
(AEA), the propulsion system is also replaced with an electric
system utilizing electrochemical energy instead of fuel.
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To achieve electrification of commercial aircraft, an elec-
tric power system (EPS) with high power delivery and low
system mass is required to make the power density of MEA
and AEA closer to that of conventional aircraft [1], [2], [3],
[4]. An aircraft EPS is an isolated microgrid containing power
electronic components, electric machines, electrochemical
energy units, different loads, etc., that are connected via
power cables.

Operating at a higher voltage is an approach to reduce the
weight of cables, hence the overall mass of the aircraft EPS.
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In our previous studies [4], [5], [6], [7], new EPS architectures
for an envisaged wide body AEA were introduced and studied
where the main part of aircraft EPS is an MVDC network at
+5 kV voltage level. However, the design of +5 kV power
cables for the architectures that can operate at low pressures
has not been done yet. The power cables operating at £5 kV
voltage and lower pressure meet challenges such as arcing,
partial discharge (PD), surface charges, thermal management,
and conductor material [2].

Arcs that form in EPSs used in aircraft might be disastrous;
thus, they should be avoided or managed at the very least
[8]. Using aluminum conductors and a DC supply voltage
increase the risk and possible damage of occurring arcing
[9], [10]. Consequently, it is necessary to choose the cables’
insulating material appropriately. The temperature field of
DC cables influences PD behavior, such as repetition rate
and occurrence in cavities during transients and PD inception
voltage [11], [12]. Moreover, before choosing a cable sys-
tem, PD tests must be performed to determine whether high
operating temperatures caused by high currents might accel-
erate the aging of the cables [13]. Electrostatic discharges
could occur because of surface charges on certain insulat-
ing materials. Hydrogen, which might be used as an AEA’s
energy source, could be ignited by discharges with relatively
little energy [2]. Thermal management is of great importance
as the cable dimensions, weight, and the maximum current
flowing through the cable conductor are highly dependent
on the thermal characteristics of the cable [14]. The thermal
behavior of the power cables used in aircraft EPSs is sig-
nificantly influenced by strongly limited heat convection at
lowered air pressure i.e., air pressure of 18.8 kPa at cruising
altitude (12.2 km) of a wide body aircraft [15]. Therefore, the
maximum permissible current flowing the cable conductor
is different from that of atmospheric pressure. To optimize
the design of a &5 kV voltage cable for aircraft EPS, it is
desired to study the temperature field of the cable at lower
pressures to obtain the maximum current flowing through the
cable conductor.

The distribution of temperature fields across the cable insu-
lation is also critical for obtaining electric field distribution.
The conductivity of DC cables, which is a strong function of
temperature and electric field, determines the electric field.
Also, space charge accumulation is caused by the conductiv-
ity gradient across the insulation which in turn depends on
the temperature gradient. Space charge accumulation affects
the electric field distribution and potentially causes dielectric
degradation and failure [16], [17], [18]. Accumulation of the
space charge in polymeric insulation materials will accelerate
beyond their electric field threshold [19]. It is critical to keep
the electric field in the cable below the threshold to ensure
a safe and reliable extended service life for the cables in
DC operation. However, the electric field threshold for cross-
linked polyethylene (XLPE) and ethylene propylene diene
monomer (EPDM) rubber reduces when the temperature of
the insulation increases [17], [20], [21]. Therefore, obtaining
the temperature field precisely throughout the cable provides
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TABLE 1. 5 kV no lead ethylene propylene rubber (NL-EPR) cable
geometrical characteristics [26].

Parameters Value
Conductor Overall Diameter (mm) 28.372
Insulation Overall diameter (mm) 34.341
PVC Jacket Thickness (mm) 2.032
Cable Overall Diameter (mm) 40.439
Rated temperature for normal operation (°C) 105

insight into building a DC cable with a very high level of
safety and dependable long-life operation required in aircraft.
However, to the best of our knowledge, no paper has been
studying the temperature field and electric field of an aircraft
MVDC power cable at a reduced pressure of air. All done
to date have been for underground or submarine cables. For
example, in [22], COMSOL software was used to conduct a
coupled multi-physics analysis to determine the temperature
and electric field distribution across an underground XLPE
cable. Authors in [23] conducted a numerical analysis on
a DC cable to determine partial discharge (PD) character-
istics considering the effects of the temperature gradient,
and although the cable is exposed to air, the natural heat
convection was modeled by a convective heat flux. In [24]
electrical degradation of an XLPE cable was obtained by
using COMSOL software. The paper, however, neglected the
ambient environment of the cable. Authors in [25] optimize
the ampacity of a submarine HVDC cable taking into consid-
eration of water flow.

In this paper, a finite element method (FEM) model of a
5 kV in the COMSOL software is developed to determine
the temperature field and electric field distributions across
the cable. The major aim is to calculate the maximum per-
missible current flowing the cable at the atmospheric and
reduced pressure of 18.8 kPa concerning the thermal and
electrical limits of the cable. Analyzing the temperature field
and the electric field synchronously in various circumstances
such as changing in ambient parameters or flowing current
provides vital information in the design of reliable cables for
electric aircraft. Also, the electric conductivity and electric
field across the cable insulation are evaluated at different
conductor currents and insulator temperature gradients.

1. MODEL

The thermal model of the study contains two parts, 1) con-
ductive heat transfer from the core conductor of a 5 kV DC
NL-EPR cable manufactured by Southwire, to the surface
of the cable, and 2) conductive, convection, and radiation
heat transfer from the surface of the cable to the ambient
environment.

Table 1 presents the geometrical characteristics of the cable
components [26]. The rated temperature of the cable for nor-
mal operation is 105°C, which counts as a thermal limit for
the normal application of the cable. The specific parameters
of containing materials of the model are presented in Table 2
[27] and [28].
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TABLE 2. Specific parameters of material of the cable [27], [28].

Parameters NL-EPR PVC
Thermal Conductivity (W.(m.K)™") 0.3 0.19
Heat Capacity (J.(Kg.K)™") 1800 1050
Density (Kg.m™) 860 1350
Surface Emissivity - 0.91
Ambient
Surface
-~ Conductor
PVC - - NL-EPR
- S=0
\
Air . / S
domain

FIGURE 1. The FEM model of the study.

A coupled model of laminar flow, surface-to-surface heat
radiation, and heat transfer is used to determine the maximum
current flowing through the cable regarding its thermal limit
at atmospheric and 18.8 kPa pressure. Also, to determine the
electric field across the cable insulator a coupled model of
heat transfer and electric currents has been conducted.

The FEM model of the study is shown in Fig. 1. To obtain
the natural heat convection, a cylindrical air domain with a
thickness of 0.35 inches is considered to enclose the cable.
The thickness of the air domain is large enough that the
effects of open boundary on the cable surface temperature
can be ignored and small enough that the natural heat con-
vection solution converged. The temperature of the outermost
boundary of the air domain is considered equal to the ambient
temperature.

Also, to model the heat transfer by radiation, a square-
shaped domain with 1 mm thickness encloses the cable,
representing the ambient surface. The ambient surface is
an aluminum alloy with ambient temperature. The cable is
placed at a I-inch distance from one of the square-shaped
domain sides. S and L are representing the length unit of the
cable surface with the direction shown in Fig. 1 and the size
of the square-shaped domain sides, respectively.

A. CONDUCTIVE HEAT TRANSFER
The heat transfer from the core conductor of the cable to its
surface is only conductive. The heat transfer equation in the

VOLUME 10, 2022

cable can be expressed as:

pCp%—j+V.(—kVT) =0+¢q (1)
where p is the density (kg.m™3), Cp is the specific heat
capacity at the constant pressure (J.(kg.K)™1), k is thermal
conductivity (W.(K.m)~!), T is the temperature (K), g, is the
net outward radiative heat flux (W. m~3) and only applied
to the outermost boundary of the cable where heat radiation
occurs, and Q is the heat source (W.m3), which can be
described as:

Q = Qcon + Qins (2)

where Q.o and Qs are losses in the conductor and losses in
the insulator. Q.,, and Qs are respectively given by:

Qcon = 12R 3)
Qins = 0E* )

where I is the conductor current (A), R is the conductor
resistance (£2), o is the insulator conductivity (S.m™ 1), and
E is the electric field norm in the insulator (V.m~!).

The conductor losses (Qc.,) is calculated by defining the
conductor as a coil in the “Magnetic Fields’’ physics interface
of COMSOL. The linear resistivity (p.) of the coil is given by:

Pe = po(1 +a(Tc — Tref) (5)

where T, is the reference temperature (K), oo is the electric
resistivity (£2.m) at the reference temperature, « is the resis-
tivity temperature coefficient (K™!), and T¢ is the conductor
temperature (K).

Also, the insulation loses Qj,; is determined by the ““Elec-
tric Current” physics interface of COMSOL in an approach
that is described in Section II.D.

B. RADIATIVE HEAT TRANSFER

The surface-to-surface heat radiation is applied at the outer-
most boundary of the cable (outer radius of PVC jacket). Due
to the cylindrical shape of the cable, considering P is a point
located on the surface of the cable, the net outward radiative
heat flux (g,) at Py is given by [29]:

qo = €1 (Ep1(T) — G12) (6)

where ¢ is the emissivity of the cable surface, Gy; is the
irradiation received at point P; from the ambient surface
(W.m~2), and Ep(T) is the power radiated across all wave-
lengths (W.m™2) from Py. Ep;(T) can be expressed as [29]:

Ep (T) = n*osT} 7

where n is the refractive index of air (n ~ 1), oy is the Stefan’s
constant (W.rn_zK_4)), Ty is the temperature of the point Py
(K). Assuming the ambient surface is an isothermal surface,
G is given by [29]:

G2 =Fia[e2Ep (T) + (1 — &2) Ga1] (8)

where &, is the emissivity of the ambient surface, Epy (T) is
the power radiated from the ambient surface (W.m2) and can
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FIGURE 2. The radiative heat flux of the surface of the cable with a
flowing current of 1200 A at the ambient temperature of 40°C with an
ambient emissivity of 0.18.

be obtained by replacing the ambient temperature in Eq. (7),
G» is the irradiation received at any point of the ambient
surface from P; (W.m™2), and F is the view factor and can
be expressed as [30]:

cosBicos by
Fip = / ——dA ©
A TR

where R (m) is the line connecting any point on the ambient
surface to P; without crossing the cable, 61 and 6, are polar
angles formed by R with the surface normal of the cable and
ambient surface, respectively, A is the surface area of the
ambient surface (m2), dA is the elemental area.

According to expressions (6), (8), and (9), g, depends on
the emissivity of the surfaces and geometry of the ambient
surface (specifically L). By increasing L, the cable can be
assumed a small convex object in a large cavity, leading to
F12 =~ 1 [31]. Considering the cable surface temperature as
105°C and ambient temperature of 40°C, it can be predicted
from (6) that the value of g, increases by decreasing Gz,
which in turn depends on the ambient surface emissivity
and L.

Fig. 2 illustrates g, of the cable surface with a temperature
of 105°C, an ambient temperature of 40°C, and an ambient
surface emissivity of 0.18, when L changes from 250 mm
to 1000 mm. By increasing L, G, decreases which in turn
increases the cable surface radiative heat flux (g,).

Another parameter that influences g, is the emissivity of
the aluminum alloy surface. The emissivity of aluminum
surface is affected by many variables such as alloy compo-
sition, temperature, oxidation, and roughness. Its emissivity
is 0.02 for unoxidized, 0.11 for oxidized, 0.18 for roughly
polished, and 0.31 for heavily oxidized compositions [32].

Figs. 3 and 4 show ¢, of the cable surface with a temper-
ature of 105°C and an ambient temperature of 40°C when
emissivity of the aluminum alloy surface varies for consider-
ing 250 mm or 1000 mm, respectively, as the extreme values
for L. By increasing the emissivity of aluminum alloy surface,
q, significantly increases. Increasing of ¢, at a constant
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FIGURE 3. The radiative heat flux of the surface of the cable with a
flowing current of 1200 A at the ambient temperature of 40°C when L is
250 mm.
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FIGURE 4. The radiative heat flux of the surface of the cable with a

flowing current of 1200 A at the ambient temperature of 40°C when L is
1000 mm.

temperature of the cable means that the maximum current
flowing through the cable can be increased.

Therefore, it is desired to increase qo by optimizing the
values of the emissivity of the cable and ambient surface, and
geometry of the ambient surface. Due to the moderate emis-
sivity of the roughly polished aluminum alloy, this material
is considered as the ambient surface in this study.

C. CONVECTIVE HEAT TRANSFER
The natural heat convection significantly affects the temper-

ature of the cable. The heat equation in the air domain can be
described as [33]:

aT
PCps -+ pCuu.NT + V. (=kVT)

—T dp (0P
= Q+q+7:Vu+ ——(—+uVP) (10
p 0t \ Ot

where p is the air density (kg.m™3), C) is the heat capacity
at the constant pressure of the air (J.(kg.K)™!), u is the air
velocity vector (m.s™!), k is the thermal conductivity of the
air (W.(K.m)~1), T is the temperature (K),  is the viscous
tensor (Pa), g is the heat flux (W.m3) and P is the pressure
(Pa). The operator “:” stands for the double dot product,
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which denotes a tensor contraction as defined by
a:b= Z Zanmbnm (11
n m

Also, T can be expressed as [33]:

r:u(Vw+amﬂ)—§uwuu, (12)

where I; is the identity matrix and p represents the air’s
dynamic viscosity (kg.(m.s)~!). The fluid (here air) velocity
field can be determined from the momentum equation and the
equation of continuity that are respectively expressed as [33]:

ou

portp @V u =V (=Ph+1)+(p=per) g (13)
0
a—f + V. (pu) =0 (14)

where pr is the reference density (kg.m_3), and g is the
acceleration of gravity (m.s~2).

The heat flux (g) at the outermost boundary of the cylindri-
cal air domain for an outgoing flow across the boundary can
be described as

g=0 (15)

Also, for an incoming flow across the boundary, the boundary
condition is given by

q = —pulAH (16)

where p is the fluid density (kg.m™3), AH is the enthalpy
variation between the upstream conditions and inlet con-
ditions, and u is the velocity vector (m.s~!). AH can be
expressed as

T P 1
AH :/ C,,dt+/ — (I —apT)dt a7
Tup Pup
where T, and P, are respectively the upstream temperature
(K) and upstream pressure (Pa), T and P are respectively
the inlet temperature (K) and inlet pressure (Pa), p is the
fluid density (kg.m’3), and ap is the coefficient of thermal
expansion (K1) T, equals to the ambient temperature.
Considering air as an ideal gas, its density is given by

P

p=2r (13)

where P is the pressure of the gas (Pa), T is the temperature
of the gas (K), and R is the universal gas constant.

Expressions (10), (13), (14), and (18) show that the tem-
perature field and the velocity field of the air, which are
significantly depending on the air density, are coupled. At the
altitude of 12.2 km, which is a typical altitude of cruising
aircraft, and a temperature of 15°C, air pressure is 18.8 kPa
and air density is 0.22 kg.m™3 compared to air density of
1.225 kg.m™3 at atmospheric pressure. Therefore, the tem-
perature field and electric field distribution across the cable
at the reduced pressure of 18.8 kPa will be different from its
at atmospheric pressure.
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The natural heat convection can experience laminar or
turbulent flow conditions. To characterize the nature of the
flow (Laminar or Turbulent), the Grashof number is used.
It expresses the relationship between the time scales for vis-
cous diffusion in a fluid and the buoyancy force [31].

For a long horizontal cylinder, the Grashof number can be
described as [31]:

_ BT~ T’

GVL )

(19)

%
where 8 is the coefficient of thermal expansion (K1), g is the
acceleration of gravity (m.s~1), Ty and T, are temperatures
of the hot surface and the free stream, respectively, v is the
kinematic viscosity (m2.s~1), and D is the diameter of the
long horizontal cylinder (m). The material data are evalu-
ated at the average temperature of the surface and ambient.
Although the maximum temperature in the cable occurs at
the core conductor, considering the surface temperature of the
cable as the rated temperature of the cable (105°C) and the
free stream temperature as —35°C, and with the cable overall
diameter mentioned in Table 1, the Grashof number will not
exceed the critical number of 10°, where the flow shifts from
laminar to turbulent. Therefore, the laminar flow is chosen to
model the fluid flow in the thermal model.

D. ELECTRIC CONDUCTIVITY AND ELECTRIC FIELD

The electric field in polymeric DC cables is a strong function
of conductivity. In turn, conductivity depends on temperature
field, electric field, and material of the insulation. Generally,

The EPR conductivity can be expressed by empirical formu-
las such as [21], [34], and [35]:

o (E,T) = opexp(aT + BE) (20)

o (E,T) = opexp (—Ta + bE) 21
_ —@q. \ sinh (B(T)E)

U@JU_MW(@T> £ (22)
_ —¢qe \ sinh (B(T)In (E))

o (E,T) = Aexp ( KT ) o (23)

where o and a are temperature coefficients, 8 and b are the
field coefficients, ¢ is the thermal activation energy, ¢, is
the electron charge, kp is the Boltzmann’s constant, o, A
and y are polymeric material-related constants, and B(T') is a
temperature-dependent parameter given by

B(T)=cT +d (24)

where ¢ and d are polymeric material-based constants.
Expressions (20) and (21) result in errors when used in
the calculation of electric field of DC cables. Expression (22)
is more accurate than expressions (20) and (21) for a wide
range of temperatures. However, in [35] it was shown that
expression (23) yields more precise results for a wide range
of electric fields and temperatures applied to an EPR insu-
lation. Therefore, in this paper, expression (23) is chosen to
model insulation conductivity. Table 3 presents parameters
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TABLE 3. Conductivity parameters of equation (23) for EPR [35].

Parameters | ¢ (eV) ASm) | c(KH d y
Value 0.6 5.47015.10 | 0.0065 -1.17 0.23
1.5F .
—E =1kVimm —E =1.6 kVimm
‘Average Average
—E =1.2kVimm —E =1.8 kVimm
Average Average
E =14 kVimm —E =2 kVimm
1F Average Average

0.5F

Insulation Heat Losses (W/m)

90 95 100 105 110 115 120
Insulation Average Temperature (°C)

FIGURE 5. Insulation Heat losses for different insulation average electric
fields at different insulation average temperatures.

¢, A, B(T), and y [35]. Using expressions (4) and (23), the
insulation losses can be described as a function of the electric
field norm and temperature.

Although the insulation losses (Qjy,s) remains insignificant
for the insulator temperatures below 105°C, as shown in
Fig. 5, calculating it will enhance the thermal model accuracy.

The electric field distribution can be obtained by

E=-VV 25)
J =0E (26)

where E is the electric field (V.m~!), V is the volt-
age (V), J is the current density (A.m~2), and o is the
conductivity (S.m™ b,

As seen from Egs. (1)-(26), the temperature field, velocity
field, and electric field are coupled. The multi-physics model
developed in the paper based on the aforementioned equa-
tions is used to obtain the maximum permissible current flow-
ing through the cable at the pressure of 18.8 kPa. To obtain
the steady case, the simulation time is 30 hours.

Ill. SIMULATION RESULTS

As discussed before, the temperature field, velocity field,
and electric field are coupled. The size of the square-shaped
domain surrounding the cable affects the cable temperature
field by changing the total net outward radiative heat flux of
the cable surface. Also, the air density, which is a function
of the pressure and temperature of the air, influences the
heat equation, momentum equation, and continuity equation.
Therefore, the pressure of the air affects the convective heat
transfer importantly.

Fig. 6 shows the maximum permissible flowing current
of the cable at the pressure of 1 atmosphere and 18.8 kPa
regarding the thermal limit of 105°C when the ambient tem-
perature varies from —35°C to 65°C. As seen in Fig. 6, the
maximum permissible current reduces in the entire range of
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FIGURE 6. The maximum permissible current flowing through the cable.
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FIGURE 7. The heat transferred by convection when L is 250 mm.

ambient temperature due to the heat transfer limited by con-
vection. The maximum reduction in maximum permissible
current occurs at the ambient temperature of 55°C where the
maximum permissible current at the pressure of 18.8 kPa
compared to atmospheric pressure reduces by 14.8% when
L is 250 mm and 13% when L is 1000 mm.

Figs. 7 and 8 illustrate the heat flux when the ambient
temperature varies from 20°C to 65°C, at the atmospheric
pressure and 18.8 kPa, when L equals 250 mm and 1000 mm,
respectively. At an ambient temperature of 55°C, the amount
of heat transfer by convection at 18.8 kPa is 56.5% lower than
it at atmospheric pressure for both values of L. The maximum
reduction in heat transfer by convection occurred at 25°C
where its value at the 18.8 kPa pressure decreased by 58.3%
compared to atmospheric pressure. Since the conductor tem-
perature and conductive heat transfer in the cable remain
constant for different pressures, the cable surface temperature
and heat transfer by radiation change slightly, as shown in
Figs. 7 and 8. Therefore, the reduction in heat transfer by
convection is the main reason that the maximum permissible
current is decreased at a reduced pressure of 18.8 kPa.

As it is expected, the maximum temperature in the cable
occurs at the core conductor when the cable is operating under
its thermal limit. Figs. 9 and 10 illustrate the temperature
field across the cable at an ambient temperature of 40°C and
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FIGURE 8. The heat transferred by convection when L is 1000 mm.
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FIGURE 9. The temperature field (K) across the cable flowing current of
1000 A at an ambient temperature of 40°C and pressure of 18.8 kPa when
L is 250 mm.

FIGURE 10. The temperature field (K) across the cable flowing current
of 1300 A at an ambient temperature of 40°C and pressure of 18.8 kPa
when L is 250 mm.

pressure of 18.8 kPa when the flowing current of the cable
is 1000 A and 1300 A, respectively, for L equals 250 mm.
Temperature of most of the insulation layer and all the
jacket remains below 100°C. Moreover, the temperature gra-
dient across the insulation when the flowing current of the
cable is 1300 A is larger than the flowing current of 1000 A.
The temperature gradient across the insulation results in
electric field inversion. The electric field inversion is inten-
sified when the temperature gradient is larger, as shown
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1000 A at an ambient temperature of 40°C and pressure of 18.8 kPa when
L is 250 mm.
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FIGURE 12. The electric field (V/m) across the cable flowing current of
1300 A at an ambient temperature of 40°C and pressure of 18.8 kPa when
L is 250 mm.
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FIGURE 13. The temperature gradient across the insulation at the
ambient temperature of 40°C and pressure of 18.8 kPa when L is 250 mm.

in Figs. 11 and 12. Also, Figs. 13, 14, and 15 illustrate
the temperature gradient, electric conductivity gradient, and
electric field, respectively, across the insulation, when the
flowing current varies from 1000 A to 1300 A at the ambient
temperature of 40°C and pressure of 18.8 kPa when L is
250 mm. Increasing the cable current results in increasing
the temperature gradient and electric conductivity gradient.
Consequently, the electric field inversion is intensified when
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FIGURE 14. The electric conductivity gradient across the insulation at the
ambient temperature of 40°C and pressure of 18.8 kPa when L is 250 mm.
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FIGURE 15. The electric field distribution across the insulation at the
ambient temperature of 40°C and pressure of 18.8 kPa when L is 250 mm.

the flowing current increases. However, the electric field
across the cable is less than dielectric breakdown strength
of the insulation, so the cable is safe in terms of electrical
insulation performance under normal operation.

IV. CONCLUSION

For the first time, a coupled electrical, thermal, and fluid
flow model was built in this work to obtain the temperature
field and electric field of a 5 kV DC power aircraft cable.
The model was used to obtain the maximum permissible
current flowing the cable at the cruising altitude (at a low
pressure of 18.8 kPa) of envisaged wide body all electric
aircraft. The results show that at the ambient temperature
of 55°C and low pressure of 18.8 kPa the maximum per-
missible current of the cable considered in this study should
be decreased by 14.8% and 13% for the ambient surface
side size of 250 mm and 1000 mm, respectively, compared
to the maximum permissible current of the cable at atmo-
spheric pressure. Also, it was shown that at a low pressure of
18.8 kPa the heat transfer by convection decreases by 57.5%
and 58.3% for the ambient temperature of 55°C and 25°C,
respectively, compared to its value at atmospheric pressure.
In addition, regarding the temperature gradient and electric
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conductivity gradient across the insulation, the electric field
was studied. The electric field inversion is intensified when
the temperature gradient and electric conductivity gradient
across the cable insulation are larger. The results of this study
show that due to the limited heat transfer by convection for
aircraft applications, the current commercial power cables
cannot operate at their maximum ampacity. Therefore, for
aircraft applications, the existing commercial power cables
should work at lower ampacities than their nominal ampacity,
or new designs should be developed. The coupled FEM model
of this paper lays grounds for further research in designing
high-temperature and low-density power cables for aircraft
applications.
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