Uludag University Journal of The Faculty of Engineering, Vol. 30, No. 3, 2025 RESEARCH

DOI: 10.17482/uumfd.1767600

COMPARISON OF OCTAGONAL AND TWISTED FINS FOR
BATTERY THERMAL MANAGEMENT IN UNMANNED AERIAL
VEHICLES AT HIGH DISCHARGE RATES

Onur YASAR *

Received: 20.08.2025 ; revised: 07.10.2025 ; accepted: 29.10.2025

Abstract: Cooling strategy including fins is considered as an effective approach due to its successful
results, especially in batteries. To maintain the battery peak temperature within a desired range and
thereby improve flight performance and extend service life of unmanned aerial vehicles (UAVs), this
paper deals with fin cooling of lithium-polymer batteries. A 6s1p lithium-polymer battery is modeled with
octagonal and twisted fins separately. Both models are simulated in a wind tunnel by using RNG k-¢
model. Peak temperatures of finless battery model are compared with those of finned models. The
motivation of this study is to improve flight performance and extend service life of UAVs by ensuring
thermal management of pouch-type lithium-polymer batteries under high discharge rates using octagonal
and twisted fins. According to the results, battery model including twisted fins enables lower peak
temperatures approximately by 1 K compared to those of octagonal fins under the same boundary
conditions. Inlet air temperature of 268.15 K and inlet air velocity of 2.4 m/s for battery models with
octagonal and twisted fins can keep peak temperature at 307.44 K and 305.97 K, respectively. This paper
provides an insight into the significance of novel fins for battery thermal management in UAVs.
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Yiiksek Desarj Oranlarinda insansiz Hava Araglarinda Batarya Isil Yonetimi i¢in Sekizgen ve
Biikiimlii Kanatc¢iklarin Karsilastirilmasi

Oz: Kanatgikli sogutma yontemi, dzellikle bataryalarda basarili sonuglar1 nedeniyle, etkili bir yaklasim
olarak kabul edilmektedir. Batarya tepe sicakligini istenen aralikta tutmak ve bdylece insansiz hava
araglarnin (IHA) ugus performansini iyilestirmek ve servis omriinii uzatmak icin, bu makale lityum-
polimer bataryalarin kanatcik ile sogutmasini ele almaktadir. Bir 6slp lityum-polimer batarya, sekizgen
ve biikiilmiis kanatciklarla ayr1 ayr1 modellenmistir. Her iki model de bir riizgar tiinelinde RNG k-¢
modeli kullanilarak simiile edilmistir. Kanatciksiz batarya modelinin tepe sicakliklari, kanat¢ikli
modellerin tepe sicakliklar ile karsilastirilmistir. Bu ¢alismanin motivasyonu, sekizgen ve biikiilmiis
kanatgiklar1 kullanarak yiiksek desarj oranlarinda kese tipi lityum-polimer bataryalarin 1s1l yonetimini
saglamak suretiyle THA’larin ugus performansim artirmak ve servis émriinii uzatmaktir. Sonuglara gére,
biikiilmiis kanatciklar1 iceren batarya modeli, ayni sinir sartlar1 altinda sekizgen kanatciklara kiyasla
yaklagik 1 K daha diisiik tepe sicakliklarina olanak saglamaktadir. Sekizgen ve biikiilmiis kanatcikli
batarya modelleri ig¢in 268.15 K hava giris sicaklifi ve 2.4 m/s hava giris hizi, tepe sicakligini sirastyla
307.44 K ve 305.97 K’de tutabilmektedir. Bu caliyma, IHA’larda batarya 1s1l yonetimi igin yeni
kanatgiklarin dnemine dair bir bakis agis1 sunmaktadir.
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1. INTRODUCTION

Lithium-polymer batteries are common batteries providing high energy densities and
rechargeable feature, especially at high discharge rates in unmanned aerial vehicles or electric
vehicles (Sefkat and Ozel, 2020; Bhawna et al., 2025). During high discharge rates,
considerable volumetric heat is generated (Tan et al., 2025). It is related to current and voltage
of battery, which can result in excessive internal temperature rise (Sutheesh et al., 2024).
Decreasing cell temperature below 35°C is advantageous for both battery and system
operations, especially for UAVs in terms of service life and flight performance (Schimpe et al.,
2018; Li et al., 2021). Therefore, temperature prediction is significant at lithium-polymer
batteries (Li et al., 2021). In order to predict maximum cell temperature, computational fluid
dynamics (CFD) is useful tool (Cui et al., 2025). In CFD simulations, fin-based cooling systems
are employed. Aluminum fins, enabling high thermal conductivity, are suggested (Aslan et al.,
2022).

There are numerous studies about battery thermal management using fins. Hence, Li et al.
(2024) suggested a cold plate with offset fins to cool a 40Ah prismatic lithium battery module.
Thermal and hydraulic performance of proposed system is investigated by using CFD
simulations. Analyzes are validated against previous studies. The results indicate that overall
maximum temperature decreases to nearly 45°C. Average error between CFD simulations and
previous studies is about 5%. Akula et al. (2024) proposed PCM-fin cooling structure for 18650
lithium-ion batteries. In the study, fin configurations ranging between two plate fins and 390 pin
fins are utilized to examine temperature gradients at 3C, 4C and 5C discharge rates. CFD
simulations are performed to reveal battery temperatures. At the end of the study, it is stated that
260 fins can be suggested at 5C discharge rate from the viewpoint of weight and thermal
performance.

Luo et al. (2024) utilized snowflake fins, a liquid cooling strategy, and PCM to cool 26650
LiFePO, batteries at 3C and 5C discharge rates. Temperature distributions of thermal
management system are studied by conducting simulations validated against previous studies
from open literature. According to the results, snowflake fins decrease peak temperature of
batteries below 318 K at 3C discharge rate, while battery peak temperature is much higher at 5C
discharge rate and 40°C ambient temperature conditions. Recent studies focus attention on
battery thermal management by utilizing A-shaped, V-shaped fins, honeycomb-like fins or
liquid cooling plates. Ismail et al. (2025) employed PCM, A-shaped and V-shaped fins for
thermal management of lithium-ion batteries. Fins are placed in horizontal or vertical
configuration with different numbers and angles under 5C discharge rate to investigate cell
temperature during melting and solidification process of PCM. According to results, the best
performance is achieved with 7 and 9 horizontal fins at 720 s and 480 s, respectively. These
configurations decrease cell temperature to 42.5°C and 38.3°C, respectively. Fu et al. (2025)
used a cooling plate integrated with honeycomb-like fins to cool a 55 Ah pouch lithium-ion
battery by performing CFD analyzes. Simulations are carried out at discharge rates of 0.7, 1.0,
and 1.2 C and validated against experiments. It is asserted that maximum cell temperature can
be maintained at approximately 28°C by using orthogonally optimized scheme. Zhang et al.
(2025) focused attention on battery thermal management systems both experimentally and
numerically by using liquid cooling plates integrated with cavities and fins. Six different fin
structures, including diamond, shuttle, droplet, rectangular, circular, and triangular, are utilized
to cool battery systems. The results exhibit that droplet-shaped fins provide the lowest
temperatures of approximately by 26°C. Different studies from open literature are presented in
Table 1.
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Table 1. Literature review

Heat . . . Inlet Air .

o . Batte . Coolin Dischar; Baseline Maximum
Citation Slnk/}l/?»atter Shaprey Fluid Metho§ e Rateg Fin Shape Temp:ratur Temperature
Ghalamba Heat Not PCM and fin Not Twisted 323.15K approximatel

zetal Storage Available Water cooling Available | fin array (for hot y325K

(2021) System water)

283.15 K, approximatel
Sun et al. Energy Not PCM and fin Not Twisted 288 15K y324K
(2021) storage Available Water cooling Available fins and 293.15 (PCM
system K (for hot average
water) temperature)
Thermal appr;)zgmétel
Bo etal. energy Not Water PCM and fin Not Twisted 288 K (for y(P M
(2022) storage Available cooling Available | fins array hot water) average
system temperature)
approximatel
y 356 K (for
3C discharge
Liu et al. Battery Cylindrica Air PCM and fin 1C, 2C Spral fins Not rate without
(2022) 1 cooling and 3C Available PCM) &
approximatel
y 313 K (with
spiral fins)
Bionic 298.15 K
Fan et al. Battery Prismatic A\}:ﬁ;bl Elslzzflzf >Cand Not (mclct)l(e)‘llalrrlltlet approximatel
(2023) . . 6C Available y309K
e liquid cooling temperature
plate )
Circular,
' equilatera 20815 K
Xiong et 1 (starting
al. (2023) Battery Pouch Water Fin cooling 5C triangular, temperature 306 K
sduate of liquid)
and q
elliptical
Zhao et al Cylind Dbifferent 0.5C, 1C N d329 Kl(foﬁ
: indrica . atte; 5C, ot esign 1, the
(2023) Battery Y 1 Air conﬁgur?[ion and 2C Available 293.15K ﬂov% rate is
s 11.88 L/s)
Circle,
triangle-p,
triangle-i,
square,
Not pentagon-
Pan et al. Heat Sink Not Availabl Fin and PCM Not p, Not approximatel
(2023) Available R cooling Available | pentagon- Available y 324K
1
hexagon
and
octagon
fins
. approximatel
Dagdevir Cylindrica . PCMand fin | .5 2C Helical Not yp§35 K (for
and Ding Battery . Air i 3Cand f Availabl AC disch
cooling ins vailable ischarge

(2024) 4C rate)

approximatel

Alzwayi s 1C, 1.5C, Vertical 321 K (for
and Pail Battery Cylindrica Air Fin cooling 2C and and spiral NOt Y 2.5 C(

(2024) l 2.5C fins Available discharge rate

without fins)

The originality of this work lies in the investigation of peak temperature values of a pouch
type 6slp lithium-polymer battery at a high discharge rate to improve flight performance and
extend service life of unmanned aerial vehicles (UAVs), using octagonal and twisted fins, which
are different from those of employed in previous studies. The major difference of this paper is to
fill the gap of literature by using both octagonal and twisted fins under forced convection
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conditions at 6C discharge rate for lithium-polymer batteries. The 6s1p battery model in wind
tunnel is simulated at 6C discharge rate using ANSY'S Fluent software. Peak temperature values
of battery models with octagonal and twisted fins at different inlet velocities and temperatures
are highlighted and compared with those of the finless model. Authors claim that this study will
be a benchmark for future studies to be utilized and validated in the literature.

2. CFD METHOD
2.1. Mathematical Approach and Boundary Conditions

Mathematical approach of fluid domain is described using incompressible Navier-Stokes
equations (Cheng et al., 2020). These equations are used to solve the fluid motion for both fluid
and gas phases. Main equations are continuity and momentum equations, which are expressed
as follows (Chen et al., 2019).

v.V=0 (1)

p.’;—‘: = —VP+ uV2.V +pg )

Egs. 1 and 2 indicate that v, p, P, g are velocity, density, pressure and gravitational
acceleration, respectively. In addition to these terms, t and p signify time and dynamic viscosity,
respectively. These terms are utilized to solve both laminar and turbulent flows (Chen et al.,
2020). Since solving the Navier Stokes equations is difficult, turbulence models are preferred.
The RNG (Renormalization Group) k-&¢ model provides accurate solutions in wind tunnel
analyses (Li et al., 2013). Compared to standard k-¢ model, RNG k-¢ model requires more
computational time. Main equation of RNG k-& model is as follows (Yakhot et al., 1992).

2
%(ps) 4a—a’q(psui) :aixj (a. Eleff aa—;j) + ngi((ik + C3:Gp) - ngp% + R -S: 3)

R and S are additional and source terms. R is related to turbulent strain effects. a, €, k are
Prandt]l number, dissipation rate and kinetic energy, respectively (Perini et al., 2017). RNG k-¢
model provides appropriate results in battery cooling simulations. Hence, all CFD simulations
are carried out using this turbulence model (Li et al., 2013). Octagonal geometry provides
increased surface area (Murthy et al., 2024). On the other hand, twisted fins enable higher heat
transfer coefficient and uniform temperature distribution (Ji et al., 2025). To date, both twisted
and octagonal fins have not been used to battery cooling in a wind tunnel.

Boundary conditions represent interaction between fluid and environment, including
pressure, velocity, and temperature for both inlet and outlet (D6nmez and Bulut, 2024). In this
study, velocity inlet and pressure outlet conditions are adopted. Near tunnel walls, no-slip
boundary condition is applied (Bhave and Taherian, 2014). Simulations are carried out in
steady-state conditions with constant heat generation (Uzal et al., 2023). Inlet air velocities are
selected as 1, 1.6, 2, 2.4 and 3 m/s to ensure the turbulent flow (Wang et al., 2025). Inlet air
temperatures are set at 263.15 K, 268.15 K, 273.15 K and 278.15 K for efficient cooling. These
inlet temperatures correspond to a flight altitude of approximately 2 to 4 kilometers in UAVs
(Sissenwine et al., 1976; Cho et al., 2016). Second-Order Upwind Scheme is utilized for
analyzes. For pressure-velocity coupling, SIMPLE algorithm is used (Wang et al., 2008).
Volumetric heat generation equation is adopted to calculate heat generation rate. This equation
also known as Bernardi equation is as follows (Bernardi et al., 1984).
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AVye

Q=1 (V-Voe) - LT=?

4)

where, V and I are primary electrical terms, voltage and current, respectively. Moreover, T
and V,. indicate temperature and open circuit voltage, which significantly affects the heat
generation rate (Sefkat and Ozel, 2020; Vashisht et al., 2025). Simulations are performed at
discharge rate of 6C. It corresponds to a heat generation rate of 142288 W/m?®. Therefore, severe
thermal conditions are considered to evaluate cooling effectiveness of these fins (Fan et al.,
2023). However, cell temperature is not only related to volumetric heat generation rate (Shi et
al., 2025). Thermo-physical properties of battery model and fins as well as volumetric heat
generation rate, affect cell temperature. These properties are density, specific heat capacity, and
thermal conductivity, respectively (Emam and Ahmed, 2018; Esmaeili and Khoshvaght-
Aliabadi, 2023). These properties can be seen in Table 2.

Table 2. Specifications of battery model, air and aluminum (Mahamud and Park, 2011;
Esmaeili and Khoshvaght-Aliabadi, 2023; Aljumaili et al., 2024; Incropera and DeWitt,

2024).
Thermo-Physical Property Battery Model Air Aluminum
Specific Heat Capacity (kJ/kg.K) 1.3 1.00643 0.093
Density (kg/m?) 2100 1.225 2675
Thermal Conductivity (W/m.K) 22 0.0242 211

Table 2 clearly indicates that aluminum has a higher density and thermal conductivity than
model material to decrease cell temperatures in simulations. The high thermal conductivity of
aluminum enables dissipation of heat generated by the cells (Liu et al., 2023).

2.2. Descriptions of Battery Model and Wind Tunnel
The dimensions of battery model and fins are important parameters that affect cell

temperatures. In this study, a 6slp lithium-polymer battery is modeled based on its actual
dimensions (Liu et al., 2023; ERCmarket Website, 2025). The main dimensions and properties

of battery are given in Table 3.

Table 3. Specifications of lithium-polymer battery (ERCmarket Website, 2025).

Property Explanation
Capacity (mAh) 5100
Voltage (V) 22.2
Weight (g) 760
Length (mm) 149
Width (mm) 50
Height (mm) 52

As seen in Table 3, the model has a rectangular prism shape, with each cell having a
voltage of 3.7 V (ERCmarket Website, 2025). Dimensions of wind tunnel are considered based
on size of battery model (Wang et al., 2016). Specifications of wind tunnel and battery model
with boundary conditions are illustrated in below.
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Velocity Inlet

No-Slip Wall

Battery Model

Pressure Outlet

Fig. 1:
Hlustration of simplified models of battery and wind tunnel with boundary conditions

As illustrated in Fig. 1, air direction is along the +z direction. The distance between battery
model and tunnel outlet is more than 1 m. Octagonal and twisted fins are employed in
simulations. Top-down view of fins can be seen in Fig. 2.

> 0mm - I\nsys
202471

2.81 mmi [ 258 mm

A A

a b = mm .

Fig. 2:
Top-down view of fins (a=Octagonal, b=Twisted)

According to Fig. 2, center-to-center spacing of octagonal fins is 10 mm horizontally.
Corner-to-corner spacing of octagonal fins is 2.81 mm vertically. Fin length of octagonal fins is
2.29 mm. Edge-to-edge spacing of twisted fins is 2.58 mm vertically. Fin length of twisted fins
is approximately 6 mm. Total number of fins is 70 for both models. Total heat transfer areas of
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battery models with octagonal and twisted fins are calculated as 143375 mm? and 145625 mm?,
respectively.

2.3. Grid Generation

Grid generation using finite volume method can be required for system analysis (Sharma et
al., 2021). In this method, analyzed system is divided into smaller elements that can be poly-
hedral, tetrahedral or hexahedral (Kim et al., 2022; Yousefi et al., 2025). Among these element
types, tetrahedral elements can be generated more easily (Kummitha, 2023). Generated mesh
can be seen in Fig. 3.

Fig. 3:
Generated mesh of battery model and flow domain (a=Battery, b=Flow domain)

According to Fig. 3, denser elements are used near the battery (Xiao et al., 2023; Yousefi et
al., 2025). Ten inflation layers are employed to capture boundary layer effects, especially in
turbulent flows (Sklavounos and Rigas, 2006). The first layer thickness of inflation layers is
calculated by using the following formula (Shukla et al., 2012).

y=(2) 5)
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where, v is kinematic viscosity of air. u signifies velocity. y is the distance of the first cell
from the wall to ensure y' is less than 1. y" is dimensionless wall distance used in CFD
simulations (Shukla et al., 2012; Li et al., 2013). Mesh sensivity analysis is an essential step in
grid generation. It depends on effect of different element sizes on simulation results (Larrafiaga-
Ezeiza et al., 2022). This analysis is performed with different element sizes and number of
elements corresponding to maximum cell temperatures (Lv et al., 2025). Grid independence test
based on element size can be seen in Fig. 4.

Twisted
—e— QOctagonal

10 —A— Finless

390 -
380
370
360 /’,A
350 -

240

330

Peak Temperature (K)

320 4 > 0o o o —0 0 —

310

W+————T T T T 7

Element Size (mm)

Fig. 4:
Grid independence test

Fig. 4 clearly indicates that maximum cell temperatures do not change considerably (Lv et
al.,, 2025). Reliability of results is validated by performing grid generation with different
element sizes. Element size of 4 mm is considered in simulations. In addition to element size,
mesh quality is investigated. Mesh quality is evaluated with minimum orthogonal quality and
maximum skewness values. Minimum orthogonal quality values for battery models with
octagonal fins, twisted fins, and without fins are 0.23, 0.22 and 0.21, respectively. Maximum
skewness values for these models are 0.76, 0.77 and 0.78, respectively, indicating proper mesh
quality (Ansys, 2013; Adam et al., 2020).
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3. RESULTS AND DISCUSSION

In this section, effect of inlet air velocity on maximum cell temperatures is examined
graphically. The main objective of this paper is based on temperature distribution of battery
models. Hence, the results are given only based on temperature results. Effect of inlet air
velocity on maximum cell temperature at 263.15 K is seen in Fig. 5.

Twisted
& Octagonal

400 .
A— Finless

390 i
380 )
370 .
360 '
350 J A

340 i A
330 :
320 4

Peak Temperature (K)

310 - R
300 *

290 +

280 S ——— '
0.5 1.0 15 2.0 25 3.0 35

Inlet Air Velocity (m/s)

Fig. 5:
Effect of inlet air velocity on peak temperature of battery at 263.15 K

Fig. 5 clearly illustrates that peak temperature of battery model decreases gradually as inlet
air velocity increases from 1 m/s to 3 m/s (Bamrah et al., 2022). Peak temperatures of battery
models with octagonal and twisted fins at inlet air velocity of 1m/s and inlet air temperature of
263.15 K are 323.66 K and 323.80 K, respectively. Under the same boundary conditions, peak
temperature of finless battery model is 376.46 K. As the inlet air velocity increases 1 m/s to 3
m/s, maximum cell temperature decreases by approximately 8% for both finned models. Effect
of inlet air velocity on peak temperature of battery models at 268.15 K is presented in Fig. 6.
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Twisted
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290 +
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Fig. 6:
Effect of inlet air velocity on peak temperature of battery at 268.15 K

According to Fig. 6, peak temperatures of battery model with twisted fins are 329.4 K,
314.76 K, 309.61 K, 305.97 K and 302.01 K for inlet air velocity of 1, 1.6, 2, 2.4 and 3 m/s,
respectively, which are slightly lower than those of octagonal fins. Twisted fins enable
secondary flow enhancement and increased turbulence. Hence, they provide higher Nusselt
number, heat transfer coefficient and better cooling performance (Ji et al., 2025). Maximum cell
temperature decreases by approximately 4% as inlet air velocity increases from 1.6 m/s to 4 m/s.
Even at inlet air velocity of 3 m/s, peak temperature of battery without fins is higher than 331 K.
Inlet air temperature has a considerable effect on peak temperatures of battery models.
Maximum temperature values obtained at inlet air temperatures of 263.15 K and 268.15 K fall
within the acceptable range reported in Sun et al. (2021), Liu et al. (2022), Fan et al. (2023),
Xiong et al. (2023) and Alzwayi and Paul (2024), which are listed in Table 1 (Bamrah et al.,
2022; Patil et al., 2020). Peak temperature of finless model can exceed 385 K, which indicates a
severe risk of battery fire. From the viewpoint of safe operating temperature of lithium batteries,
peak temperature shouldn’t exceed 308 K, which can be achieved with higher Reynolds
numbers (Wang et al., 2019; Hasan et al., 2023). Effect of inlet air velocity on peak
temperatures of battery models at 273.15 K is given in Figs. 7 and &, respectively.
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Fig. 7:
Effect of inlet air velocity on peak temperature of battery at 273.15 K
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Fig. 8:

Temperature variation of battery at 273.15 K (a=Octagonal for 1 m/s, b=Twisted for 1 m/s,
c=0ctagonal for 2.4 m/s, d=Twisted for 2.4 m/s)
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As evident in Figs 7 and 8, peak temperature of battery reduces to 311 K. Temperature
difference of about 5 K is seen between the lowermost and uppermost cells, which is acceptable
according to the literature (Zolot et al., 2002; Chen et al., 2016). Under same boundary
conditions, octagonal fins yield 0.04—-0.48% higher temperature compared to twisted fins.
Maximum cell temperature decreases by approximately 1.5% between inlet air velocities of 1.6
m/s and 2 m/s. Peak temperatures of finned and finless models at inlet air velocity of 1 m/s and
inlet air temperature of 278.15 K can be seen in Figs 9 and 10, respectively.

@ Octagonal
—a— Finless

*— Twisted
420 -

410
400 —
390 —
380 -
370 -
360 —
350 -
340 —

330 .\‘\

320

Peak Temperature (K)

310

300 ; : - T . 1 . : : .
05 1.0 15 2.0 25 3.0 35
Inlet Air Velocity (m/s)

Fig. 9:
Effect of inlet air velocity on peak temperature of battery at 278.15 K

Fig. 10:
Peak temperatures of battery models at inlet air temperature of 278.15 K and inlet air velocity
of 1 m/s (a=Octagonal, b=Twisted, c=Finless)
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As indicated in Figs 9 and 10, peak temperatures of finned models are about 340 K, which
are not recommended for lithium-polymer batteries. Under the same conditions, peak
temperature of finless model is approximately by 390 K. Compared to finless model, finned
models reduce maximum cell temperature by up to 14%. According to open literature, the initial
stage of thermal runaway starts above 363.15 K. At this temperature, SEI layer decomposes.
Moreover, separator breaks down at approximately 403.15 K. At higher temperature such as
473.15 K, electrolyte breaks down. The temperature reaches very high values, around 390 K in
this manuscript. Therefore, this value corresponds to the temperature at which decomposition of
SEI layer begins. It is explained in revised manuscript (Domalanta and Paraggua, 2023).
Consequently, twisted fins used at high Reynolds numbers and low inlet temperatures are highly
recommended for battery cooling, particularly at high discharge rates (Wang et al., 2019; Sun et
al., 2021). This results in an improvement in flight performance and in service life of UAVs (Li
et al., 2021). Longer service life is advantageous during high power-demanding phases such as
landing and take-off (Li and Liu, 2022).

In the absence of experimental data, grid impendence analysis and different models are
taken into account. Table 1 clearly indicates that the maximum temperature values obtained at
inlet air temperatures of 263.15 K and 268.15 K are supported by the results of Sun et al.
(2021), Liu et al. (2022), Pan et al. (2023) and Alzwayi and Paul (2024).

4. CONCLUSION

The main objective of this paper is to compare the cooling performance of octagonal and
twisted fins under steady-state conditions for lithium-polymer batteries. Models of pouch type
lithium-polymer battery with octagonal and twisted fins are utilized. The objective of this study
is to keep battery temperature below 308 K and to determine which fin model provides lower
temperatures in order to improve flight performance and extend service life of UAVs. The main
findings are explained in below.

e Compared to octagonal fins, twisted fins provide lower temperatures, by
approximately 1-2 K, under the same boundary conditions.

e For the same inlet air velocities and temperatures, 0.04-0.48 % lower
temperatures are obtained with twisted fins compared to octagonal fins.

e In order to obtain peak temperatures below 35°C, inlet air temperatures of 263.15
K, 268.15 K with high Reynolds numbers are suggested.

e Battery peak temperature can be maintained below 308 K, even at 273.15 K of
inlet air temperature and 3 m/s of inlet air velocity for twisted fins. However,
peak temperature exceeds 308 K at 278.15 K of inlet air temperature.

o Temperature difference of about 5 K is seen between the lowermost and
uppermost cells.

e Battery peak temperature without fins can exceed 380 K, which can result in
thermal runaway of battery. This indicates the importance of fins for battery
thermal management. Keeping battery peak temperature below 308 K may
positively affect flight performance and service life of UAVs, especially during
the landing and take-off phases.

e Under same boundary conditions, octagonal or twisted fins provide up to 14%
lower cell temperatures compared to finless model.

e RNG k-¢ model Enhanced Wall Treatment with mesh sensivity analyzes provide
good results without validation.
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Twisted and octagonal fins can be used for battery thermal management at high discharge

rates based on these results. This paper will be completed by:

e Experimental setup or data should be used to carry out novel studies.

e In addition to fins, phase-change materials and metal foams can be used.

e 3C,4C, 5C and 7C discharge rates can be utilized for comparison.

e Transient simulations with time-step independence analyzes can be performed.

e Time-dependent changes in current, voltage and depth-of-discharge can be
obtained with the use of more realistic battery model.

e Different fin lengths, spacings, geometries, and heights are required for an
extensive evaluation.

e Pressure drop, Nusselt number, heat transfer coefficient, velocity vectors and
streamlines should be investigated for a deeper analysis.

e Uncertainty analysis is required for original studies.

Oblong, lancet, piranha, stepped fins etc... can be used for battery thermal

management.

Different materials with higher thermal conductivity can be used.

Lighter materials due to weight factor can be selected.

These fin structures can be applied in larger UAVs at higher discharge rates.

Metaheuristic algorithms and machine learning methods can be employed in

addition to CFD analyzes.

e The wverification of the results through both numerical simulations and
experimental validations will contribute to the emergence of new industrial
applications.
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