JTAE

E- ISSN: 2676-4253

Journal of Technology in Aerospace Engineering

Vol. VV, No. NN, pp. 1-14, YYYY
https://doi.org/10.22034/jtae.yyyy.nnnn

Aerospace Engineering

Journal Homepage: https://www.jtae.ari.ac.ir

Original Research Paper

Aerodynamic design of an electric aerobatic aircraft propeller
using the Blade Element Momentum Theory (BEMT)

Mohammad Kasaie, Amirreza Ahmadi Tonekaboni

, and Masoud Eidi Attarzadeh”

School of Aerospace Engineering, Depatment of Aerospace Engineering, University of Tehran, Tehran, Iran

ARTICLE INFO

ABSTRACT

Article History:

Receivd 19 August 2025

Revised 16 October 2025

Accepted 01 November 2025
Available Online 08 December 2025

Keywords:

Propeller design

Electric propulsion
Computational fluid dynamics
Blade element momentum
JavaProp

theory

The propeller requires precise design tailored to various flight conditions. In
this study, the aerodynamic relations governing propeller performance were
examined, focusing on the analysis of lift and drag forces acting on the
blades. To achieve an optimized design, several propeller configurations
were investigated, and the effects of parameters such as angle of attack,
thrust distribution, and velocity profiles on propeller efficiency were
analyzed. Subsequently, based on the Blade Element Momentum Theory
(BEMT), a propeller suitable for an electrically powered aircraft capable of
operating at speeds above 60 m/s was designed. The initial design and
simulation were performed using JavaProp software, and the obtained
results were validated through comparison with reference data. The results
demonstrated that the presented design enhances aerodynamic behavior at
high speeds and can serve as an efficient option for electric propulsion
systems. For the flow analysis around the propeller, a CFD approach based
on the Reynolds-Averaged Navier—Stokes (RANS) equations and the k-
turbulence model was utilized. As the engine rotational speed increased
from 2500 to 5000 rpm, the thrust rose from approximately 4,500 N to
12,500 N, and the uniform velocity field indicated stable and coherent flow
structures around the blades. Furthermore, the gradual increase in thrust with
rotational speed confirms the proper adaptation of attack angles and
geometric twist to real-flow conditions. Overall, the designed propeller
demonstrated a 35 % increase in efficiency making it a reliable and effective
choice for electric propulsion systems in light and aerobatic aircraft
applications.
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1. Blade Element Momentum Theory (BEMT)
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Fig. 2. Lift coefficient versus angle of attack at different

Reynolds numbers [28].
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Multi-engine [6].
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Table 1. Input data to design propeller.
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Table 2- Efficiency and performance coefficients of the three
designed propeller types.
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Lablgn cwdigen 53 (65 / s
NN 5,les NN 5,05 YYYY Lo

ol g o 4385 5 slizl 3,50 e (slagb (o)
Gy Sy U A plodl gliio (slaalos dglj 9wl (sla 539)5
L35 s oS Oyl ()5 SRPM o3gime y3 yoliiS ¢ il
dde 6dgae 5 (Sualindgpl (sla 2 ls da i48 0] Gl dbs o )
25 %ok > gl 5es 39 (¢ pSprenal Hlre jigi,
MH-116 3 MH-114 g3l 95 § a8 Julos7 X 105 5105
ly MH-114- hodpl 0035 Qbl ol sladiy 57 plgica
I YL G |y j b 00y [aseds canlio 0y Sle g adsy Sl
P S el ) gl @il 5 oml s e 3 Ly 4
2 ool cél jials gy oy Se sy sMH-116 a5° b
by BleSs cage Sy ol S ool YU glacs
bbb e I ey Gl g 0 Jsbo )3 (Seelidgnl
sl dliza (lapise gm plom @l (b g ol
Ol g 039 diwgy W figdnl G (edid p)8 i &S S (S
b >yl dwdin dw duglio ;0 duwp J8lis 4 IS o 4o b >
O 4 (Salea (b BEM (295 @l (ol pgd 25k

b Ll 2l Jae plgisds 9 392 035k g 59lesS ¢y

ol osd 03 L5 0 JSS 3 sl Wgy uiseen

| ol s i 1ol s 001 o cslaanite (et |
|

| 54 a3 8 i) Sath 3 £ eetd |

!

[ ol bl deslna g e i >l |

!

| Elo oz g g am bt Sa 1l S s |

| CA i Py g b alis

l

| e s Soolis i

bl

Ol il 5 & (b Loy, —0 JSus

Fig. 5. Design and simulation of propeller flowchart.



¥ Lablgn (pudign 53 ()9l
/ NN &,les NN 5,55 YYYY Jlo

&o Alb ¥
lages 4y dagi bl odid 0> lis Ao duw ya 023l VS o

Cened Cal 035 50355 4 Hln ¥ g ¥ oyles clagle o],
o olosly gl S'g Cow 4 Fo S50 9 Ola Gl o jeo L

bge il
100 —— ————— —
Designl
%0 Design2
T Design3 /h—\

260 i
o
2
=
£
= 40 / \

20}

) A P B - 2| \

0 0.5 25

T om0

Fig. 7. Comparison of propeller efficiency with respect to the
non-dimensional propeller length.

ola (o5 ) eyl g9y pidn w0 LA S

SraS L9y g yoS HliS Mg cely yol (pl D98 0 g Jlas]

oy 45 D9 oo 031 (L HIgad () 53 S o 3l JlaS) et &
Al ;505 slag b 5l in ¥ Sk s ol

Y T T T
Designl
5\/\ : Design2 -
\ Design3
af
z
=S
z3
=
.
=
=
2_ —
|
ol 1L 1 1 ] 1
. 1 . .
0 0.5 W'(jnsD) 2 25 3

o 01 dny (g oo oy nle oy 95 dunlio —A JSO

Fig. 8. Comparison of propeller thrust with respect to the non-
dimensional propeller length.

wpgiiage by oS & (S Sl Sl ST Loglgn fle (Seolidgpl (ol

o e il sladisinl g9 5 ales blsj orizen
oS Canl g 4;; & u_>|)]9 ]a_;l).w MY PSW 03)91 Y Js-’? 2 Cand
ojlod o 3.5 o et ool s LoJeghl o s abold 3 o )3
oslp Ll ol oads a8 Jlas 5 jlai 5)50 Fa gl ooy g )
2 olory el dlizee slaales gl e (ST ¥ 9V e
238 e Slosly Gl & e ol (en o5 023 o Ui

U IS 03)91 ¥ Jg—\? 2 L""J)?‘))’l RSN » lasio OB
IYY] o cilises glaciond (gl s8] Clasuie =V Joa

Table 3- Aerodynamic characteristics of the airfoils at various
sections of the propeller [28].
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Table 6. Input data.
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Table 4. Validation of the obtained results through
comparison with the reference data.
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Fig. 9. Comparison of single-blade Mach number with respect
to the non-dimensional propeller length.
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Table 5. Turbulence model coefficients.
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