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Table 1 Basic parameters of reference model Y12F

e HfE

HJE/m 19.9

HLE 58 /m 2.1

§5 /N VI ) 8400

HE R B /AW 820
KL kg 2125
AR T i kg 130

e 4% 4 (r/min) 1700

1.1 BhERBRNESHRIZNT

TEAUIL AT S A B IR BES 1) 73 A ULk L, HLIR AR
THRHER T EMA X o T2 WRE A B I 10 e g
RF AL AT, HUI AT LUAEAH ] 1 A7 B T ™ AR B
REVIENT) . e R B b BRRER A — > H R 2
MR BOCIRZ B2, O S i e, 73 B AR i
PR ARSI AL RS AT R 22 . R AR AT
TSN 1 FTR

TN B

i )
AR s Vo(1+a) B Vo(1+4b)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

WHIEET: p' p'tAp WHEHES: p

Ap: iR
VYRR hiis

K1 SRR IR RS Al
Fig.1 Changes in flow velocity before and after the propeller disc
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Fig.2 Relationship between the number of distributed

propellers and the area of the propeller disc
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and the quality of propellers
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Table 2 Distributed propulsion wing area correction

SRR | MURERYm® | 3R/m | LR /m | BB %
10 3323 18.25 1.90 15.90
12 32.79 18.13 1.89 17.04
14 32.35 18.01 1.87 18.14
16 31.93 17.89 1.86 19.21

AL ARIE] . 225 SCHR[10] 7T 1, J5 BYATLIR iE R o
B BEHT i L2028 1.49, 8032428 0.85 5 TETH B B2 iy 2 L
295 0.75, 50320 0.70, R PRAEIR e 1 i 4 R A 5 T
MU R0, WIARSE 2 2 Th e 5 38 i (5K (4) BAR LN rh o
REHAL, Bl n, D, = n,D,, A5 550 A1 ISR BLAR FNA% 5
W8 RATH BETR A ICA C,= T/ (pr* DY), AR A
PSR E 7 ) BB BT D R AR A P=P g, C, =
P,/ (pn’ D), THAMETEA T 2 250 MZE R L3 3,

®R3 B KTHMRIRIERSHRDLEIT

Table 3 Preliminary estimation of propeller parameters for each flight stage

AR IERERABUA | PR EA/m 438/ (r/min) ANZEAE R AW | AN /N C, c,
TR A 2 2.824 1700 747.86 6232.17 0.1637 0.1223
o A 10 1.772 2710 149.57 1246.43 0.0976 0.0553
e AT 12 1.439 3337 124.64 1038.69 0.1234 0.0699
(LS 14 1.208 3974 106.84 890.31 0.1500 0.0850
TR A 16 1.039 4620 93.48 779.02 0.1774 0.1005
et 2 2.824 1700 705.00 11754.00 0.1325 0.0955
eFt 10 1.772 2710 141.00 2350.80 0.1022 0.0978
eF 12 1.439 3337 117.50 1959.00 0.1292 0.1207
eFt 14 1.208 3974 100.71 1679.14 0.1571 0.1467
et 16 1.039 4620 88.13 1469.30 0.1858 0.1735
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Table 4 EMRAX motor parameters
e ﬁj@i& l"%{ﬁ SCyN Sl HIAE/ kg
YPR/AKW | HPR/AW (t/min) (N'm)
188 32 60 6500 50 7.2
208 40 75 6000 80 9.4
228 55 100 5500 120 12.8
268 110 230 4500 250 203
348 210 380 4000 500 415
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Research on the Analysis Method of Distributed Propeller-wing Design of
Electric Aircraft

Sun Zongyan, Wang Qiang, Qiao Wei, Fu Chang, Zheng Yafei, Song Jiayang
AVIC Harbin Aircraft Industry Group Co.,Ltd., Harbin 150066, China

Abstract: In order to gradually realize the conversion of aircraft from traditional energy to clean energy, it is an
important research direction to transform traditional turboprop aircraft into distributed electric propulsion propeller
aircraft. In this paper, the cruising performance of the Y12F aircraft is constrained, and the wing parameters of the
Y12F aircraft modified into a distributed propeller aircraft are modified according to the momentum theory. The
number of distributed electric propulsion propellers was comprehensively evaluated and determined from three
aspects: propeller disc area, propeller and motor matching relationship, and propeller quality. The propeller is
designed according to the tensile requirements of the cruising and climbing task profiles; The final distributed
propeller-wing model and the prototype model were compared and analyzed in OpenVSP. The results show that the
slipstream effect of the distributed propeller is more obvious at small speed and high angle of attack, which can be
used to improve the performance indicators of aircraft in the take-off and climbing phases. In the cruising and climbing
state, the upward lift characteristics of the distributed propeller are better than the downward lift, and the lift coefficient
can be increased by about 5%, but at small speeds, the increase in the lift coefficient is at the cost of an increase in
drag coefficient. The research in this paper provides a reference for the overall design of the transformation of
traditional turboprop aircraft to distributed propeller aircraft.

Key Words: distributed electric propulsion; Y12F; conceptual design; OpenVSP; vortex lattice method; propeller
slipstream; propeller design
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