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Drone Propeller Analysis by Blade Element Momentum and Numerical Methodes for
Autonmus Submarine Veichle

! Ma., Ocean. Eng., Hydrodynamic & Propulsion, Malek Ashtar University of Technology, North Research Center for Science
& Technology , Mazandaran, Iran.
2 Ma., Mech. Eng., Applied Design, Babol Noshirvani University of Technology, Mazandaran, Iran.
% Ma., Ocean. Eng., NAVAL Architecture, Malek Ashtar University of Technology, North Research Center for Science &
Technology, Mazandaran, Iran.

Abstract
Nowdays, the use of Autonomous Submarines has increased for Various applications such as, Scientific,
military and commercial research. In this paper, a drone type propeller for autonomous vehicle is examined
from various aspects such as: performance, product material and hydroacoustics. Hydrodynamic and
hydroacoustic results are validated. Numerical uncertainty was calculated and estimated. To select propeller,
the coupling of Blade Element Momentum Theory (BEMT) method and Computational Fluid Dynamics
(CFD) solver have been used. In the following, by the finite element method, several different materials for
product the propeller with stress and minimum displacement of the blade tip constraint have been
investigated. In order to examine the propeller from different aspects, a flowchart was proposed. The
propellers were analyzed in terms of performance and strength and the displacement criterion for the blade

tip was considered. In the last section, the hydroacostic results are validated and Sound pressure Level (SPL)
is estimated and compared.

Keywords: Drone Propeller; Blade Element Momentum Theory; CFD; Finite Element; Noise; Sound Pressure
Level; FW-H Equations.
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! AUV (Autonomous Underwater Vehicle)
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! Prandtl
2 Unmanned Aerial Vehicles (UAVs)
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! validation and Verification (V&V)
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Bare Hull SUBOFF

Vs [m/s] Cells R[N](CFD) Y+ Resis. [N](EFD) E[R]%D
Gy 4.38M 83.928 0.45 3.972
3.046 G, 3.11M 83.340 0.53 87.4 4.646
G3 2.11M 82.576 0.61 5.519
DTMB4119
n [rps], J[-] Kt, Kq [-] (CFD) Y+ Kt, Kq [-] (EFD) E[Kt, Kq]%D
Gy 3.8M 0.1398, 0.0269 1.7 4.768, 1.89
10/0.833 G, 2.7M 0.1375, 0.0271 2.8 0.1468, 0.0264 6.335, 2.65
Gs 1.9M 0.1323, 0.0279 35 9.877,5.68
z

Velocity Inlet

Refine 1 Y

Refine 2 X
Refine 3

Pressure Outlet

D\

Periodic Background

e L3S Sy g oMol g Slawlons diols olagl - JSCi
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Bare Hull SUBOFF
&1 £3, R p Sz c Ugr U, Usy Usn(%S)
Res. -0.588 -0.764 0.769 0.75 -1.964 0.215 6.99 5.3E-4 4.717 5.620
DTMB4119
Kt -0.0022 -0.0052 0.43 2.43 -0.0016 1.321 0.002 6.7E-4 2.8E-3 2.041
Kq 0.0002 0.0008 0.25 4 6.66E-5 3 3.3E-4 2.5E-4 4.1E-4 1.54
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Bare Hull SUBOFF
[E| (%D) Up(%D) Usn (%S) Uy (%D)
Resis. 3.972 1 5.620 5.708
DTMB4119
Kt 4.768 1 2.041 2.272
Kq 1.89 1 1.548 1.842
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U, Magnitude S, Mises
SNEG, (fraction

(Avg: 75%)
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S, Mises
SNEG, (fraction
(Avg: 75%)
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Material Name p [kg/m3] E [Mpa] G[Mpa] 0[]
Ex 1.35E5 Gyy 5E3 Vxy 0.3
Carbon/Epoxy 1.6E3 Ey L5E4 Gy, 2.9E3 Vyz 0.02
Ez Gy, 5.3E3 Vyz 0.02

Ni- AL — Br 7.4E3 1.24E5 0.33

FG 2.1E3 2E4 0.18

Cu 8.3E3 1.1E5 0.34

Ti 4.62E3 9.6E4 0.36

AL 2.7E3 TE4 0.33
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Material Name M. (kg) Omax(Mpa) Smax @tip(mm)
Carbon/Epoxy 3.74 8.326 7.89¢e71
Ni-AL — Br 17.3 4.405 3.487e72

FG 491 4,78 2.2e71

Cu 19.4 4.38 3.92¢72
Ti 10.8 4.33 4.46e72
AL 6.32 4.405 6.176e~2
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