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ABSTRACT

In addition to the fact that the domestic and international developments of PAV rely on the propeller aerodynamic
performances e.g. thrust, efficiency, they become evidently important factors because they are directly related to the passenger’s
safety. In this study, to improve the aerodynamic performance of counter-rotating propellers of PAVs, the design of a propeller
satisfying the desired performances is optimized based on airfoils generated via Artificial Intelligence (AI) algorithm, and its
measured performance is verified by using a performance testing zig which facilitates the measurements of thrusts and powers
at the specific rpms. The design variables for Al-design are the stagger angle, chord length, Reynolds number, lift and drag.
The new CFRP-machined model was tested and analyzed to compare with the bio-mimetic model. The aerodynamic

performances are simulated and compared using Large-Eddy Simulation (LES) for the Al model and the bio-mimetic model.

7|8 MY RMSE Abbreviation of Root Mean Square Error
T Thrust force

b Blade chord length Vo Free stream velocity

Cp Drag coefficient Nthrust Efficiency of thrust
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Cr Thrust coefficient

D Diameter of propeller EE/ d4te S Ao R gL 7SR Q) E3)

J Advanced ratio PAV(Personal Air Vehicle)~= T2 9] 28 W g-golz}t

N Rotation velocity of propeller = 38R guHEY, ol 549 Pt FAEe] Q)

P Power o g9l HAo] mjf- Fagk aaxolt} Table 1o)= 422

PAV Abbreviation of Personal Air Vehicle o|2+F9] t}E H|gPH| T2 HTQ} PAVE ZTZH Q] d|o]

Q Torque force B2, URSke, fEEAS Hlaste] ArE o] Qo whet

r Radius of propeller A PAVE §olE2 189 SHEAS 118, &y 7

% EEHAH X E(Human Composites Co,)

T WAIAA}, E-mail : sbaelee@inha. ac kr

2023 B2 MIIHE S StHE = 2E =2, 2023 78 52~72 7Y, BE LHA|O

The KSFM Journal of Fluid Machinery: Vol. 26, No. 6, December 2023, pp.129~136(Received 14 Jul. 2023; revised 10 Oct. 2023: accepted for publication 08 Nov. 2023)
SIERADHEE =28 M26H, H6S, pp.129~136, 2023(=2& =L X 2023.07.14, =2+F UK 2023.10.10, AARA22RE: 2023.11.08) 129



REF - HEE - 02 - HAIE - Ol

Table 1 parameters according to the aircraft

UAV PAV Helicopter
Reynolds number ~10° ~5x10° ~10°
Tip Mach number ~0.15 ~0.45 0.65~0.8
Airfoil max thickness ~6% NA ~12%
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Table 2 Loss—rates according to network architecture

Case Network Train Loss Validation Loss
No. Architecture [%] [%]

1 38, 16, 4 0.0067 0.0071

2 38, 32, 16, 4 0.0067 0.0070

3 38, 32, 16, 8, 4 0.0067 0.0070

4 38, 32, 16, 8, 4, 4 0.0061 0.0065

Table 3 Loss—rates according to network architecture

Case Network Train Loss Validation Loss
No. Activate Function [%] [%]

4-1 Linear 0.0061 0.0065

4-2 Sigmoid 0.0068 0.0072

4-3 ReLU 0.1302 0.1309

Table 4 Comparison of input and output for learning models

Input data Output data

Moin model” | Airfoil data, AOA, Reynolds Number | Cp.Cq
Al-design model | C;, Cy AOA, Reynolds Number | Airfoil data
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Table 5 Inverse design output comparison by using Moin’s
model

Case No. 1 2 3 4 5
Output based on | Cu | 0.637 | 0.705 | 0.772 | 0.838 | 0.904
Moin’s Model | C, | 0.029 | 0.030 | 0.030 | 0.031 | 0.032

Al-design Co | 0.623 | 0.691 | 0.759 | 0.825 | 0.891
Input Cp | 0.030 | 0.030 | 0.031 | 0.032 | 0.033
Case No. 6 7 8 9 10

Output based on | Ct | 1.097 | 1159 | 1.221 | 1.282 | 1343
Moin’s Model | Cp, | 0.036 | 0.038 | 0.039 | 0.041 | 0.043
Al-design Co | 1.086 | 1.150 | 1.211 | 1273 | 1334
Input Cp | 0.037 | 0.038 | 0.040 | 0.042 | 0.043
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Fig. 15 Photo of fabricated propellers
(top: Eagle—biomimetic, Bottom: Al—design)
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