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ABSTRACT

The next-generation sustainable aircraft using distributed electric propulsion (DEP) system
has gained significant attention to replace conventional aircraft. Although the DEP system
helps improve flight safety, reduce environmental noise, and achieve redundancy in the

Keywords:

21873 98 7](Sustainable aircraft),
17 7]5 7 (Distributed electric propulsion),
52 4528 (Aerodynamic interaction),  propulsion system, the mutual interaction between the multiple propeller and fixed-wing

A S i Computational fluid dynamics),  occurs more frequently. This interactional phenomenon is a dominant factor affecting the

A7 Z21F Y (Lattice-boltzman method) aerodynamic performance of vehicles. This study investigates the aerodynamic interactions
between wing-tip mounted tractor propeller and fixed-wing using the lattice-Boltzmann
method (LBM). NASA's Workshop for Integrated Propeller Prediction (WIPP) model is
considered, and the LBM predictions are compared against the experimental data for
validation. The propeller wake effects on the wing aerodynamics and flow field are
discussed depending on the wing angles of attack.
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Fig. 4. Surface and volume grid systems
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Table 1. Simulation conditions

Freestream Mach number(Me) 0.08
Wing angle of attack( ) 0°, 5°,7°, 15°
Pressure 101,325 Pa
Total simulation time 15 revolution(0.15 sec)
Reynolds number(Re) 528,962
Tip Mach number(My;,) 0.437
Rotating speed 5,900 rpm
Time step size 0.01
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Fig. 5. Location of the pressure(denoted as S) and velocity(denoted as P) taps

Table 2. Tap positions for measuring the pressure and velocity

Section Distance from wing root(along +z direction) Distance from spinner(along +x direction)
1 (S1) 60.995 in (P1) 1.51in
2 (S2) 57.386 in (P2)5.0in
3 (S3) 44.386 in (P3) 13.0in
4 (P4)21.0in
10 qop 10
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Fig. 6. Comparison of the surface pressure coefficients for isolated wing(Unpowered cases)
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Fig. 7. Comparison of the surface pressure coefficients for full configuration(Powered cases)
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Table 3. Comparison of lift, drag, L/D coefficients between isolated wing and full configuration

Isolated wing Full configuration
a CL Cp L/D CL Co L/D
0° 0.738 0.032 23.06 0.798 0.034 23.47
5° 1.171 0.060 19.51 1.222 0.062 19.71
7° 1.318 0.086 15.32 1.332 0.098 13.59
15° 1.491 0.191 7.810 1.553 0.236 6.58

3.2 ASER0| 'l 5 S| Djkl= o3

ABAEOR QI FH RS H1e10] 94 TRmelol A WAk TR Ao kel W 5
O] £ AS AHS SIS Fig. 102 3570 oJol] Habs]= S5 2RS Nacelle Zo| o2 L2 E Altsial Ad

olE|2} v lITH29). 8 $1A1= Fig. 55 5o 918 4 9Lovl, AARH 171 Table 29} 2o}, ¥l 2 Fa4 02 4]
gk} ] walod oF 5-8% 27 HHAsIIA|gE AEA 0 2 mE Q)x|of|A] Akt -Alet ATE EE8 4 Q)i £
5] Nacelle ] A2|2h="Jtglo] Hd £2o] 2717H A% FARSIAA, o1& 55 LBM sfido] =22 o] 3 /754
REE 5 98- Selolgit. Tk, Fig. 10(c), 10(d)ll4 BRI 4= 9] mamlz)zre] we) a%iom P3, P4 S1A]°]
Ae mEme $57} 65 Yo 8 Hukge] tet Atshe Yol tiat diZel 947k sk, olo] et 4 &
L7} Ak v 2ol 7 EAfSHT
14 14
. L L] Experiment (NASA) ; L L] Experiment (NASA)
12 . \ LBM (present) 12k 0'\ LBM (present)
r .o..> L .S.%
1 0000 & 1 00006 .
w‘ ..
208 b 08 "
; . __’;:./. r /_/‘PM
0.4 0.4
o.2f o.2f
B X P R X 7 X TR X T P R X ‘6.16‘ 16018 02 022
(@) P1 (b) P2
14 14
- } e Experiment (NASA) /l e Experiment (NASA)
LBM (present) r LBM (present)
12 s 12 *
1 e .
08 % 08 v
= 06 o = o6} o
-0'. N o oo®
04 — 04k /
0.2 0.2
B X P R X 7 X TR X T P R B X P R X 7 X TR X T P R
() P3 (d) P4

Fig. 10. Comparison of wake velocity distribution at four locations
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