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Abstract: To design a ducted propeller that satisfies the requirement for high thrust efficiency during hover
in a ducted flying car, a dedicated design methodology is proposed. Blade geometry is developed using

blade element momentum theory in conjunction with ducted propeller vortex theory, and the resulting de-
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signs are refined through CFD-based corrections to meet target performance. Under hover conditions, the
aerodynamic performance of the ducted propeller is evaluated and compared with that of an isolated propel-
ler. The results indicate that, due to suppression of blade-tip vortices and the additional lift generated by
the duct, total thrust is increased by 11. 1% while power consumption is reduced by 10. 5% relative to the
isolated propeller. To further enhance hover performance, an innovative variable-duct propeller configura-
tion is proposed, in which the flare expansion angle is dynamically adjusted to maximize inlet airflow dur-
ing hover, yielding a 15. 53% increase in total thrust. The study validates a high-accuracy design frame-
work that integrates blade element momentum theory with CFD correction, providing theoretical and tech-
nical support for efficient aerodynamic design of propulsion systems for flying vehicles.

Key words: flying car; ducted propeller; blade element momentum theory; numerical simulation; aero-

dynamic characteristic; variable duct design
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Tab. 3 Calculation results of isolated propeller and ducted propeller at different lip angle deflections

T W BRI /N SRI/N BRI E S HIEE/(Nem) R AR AR/ %

PRAr 12T % 302. 6 302.6 15.05

& F1 AR 5% 0° 193.9 336.2 11.10% 13.47 10. 50
& AR 4 4° 195. 2 343.3 13.45% 13.32 11.49
J& 11 i e 8° 198.7 347.7 14.90% 13.17 12.49
J& H At i 12° 201.2 348.0 15.00% 13.16 12.56
J& F % 16° 202. 6 348.5 15.17% 13.10 12.96
J& Dl % 20° 205. 2 349.6 15.53% 13.05 13.30
J& O fi s 24° 210.3 343. 2 13.42% 13.55 9.97
Je5 1 i % 28° 211.6 339.5 12.19% 13.67 9.17
J&s F g 5% 32° 212.5 335.1 10.74% 13.77 8.50




108 Gor R TR 55 34 %

Velocity
80
40
-10
[m/s]

(a) fri%44° (b) fr§%8° (c) fm412° (d) frie16°
(a) Deflection 4° (b) Deflection 8° (c) Deflection 12° (d) Deflection 16°

)

Velocity
80

40

-10
[m/s]
(e) fhi520° () {24 (2) fhi528° (h) ffife32°
(e) Deflection 20° (f) Deflection 24° (g) Deflection 28° (h) Deflection 32°
P15 A [ S8R T TR 0 i % o 2 T MR 2 A T ) 3B 5 [
Fig. 15 Velocity cloud map of propeller cross-section with different ducted lip deflection angles
400
k""“_‘—‘—‘*H
300
£
= - ——
: 200
M = = \
100
—s— Propeler lift
—e— Ducted lift
—4— Total lift
b 0 10 20 30
Angle/(°)

P17 AR TR H Lk R
16 5 M %% B -5 T T8 1B 22 T 1 10 6 &R Fig. 17 Streamline diagram of variable ducted lip
Fig. 16 Relationship between lip deflection angle and

ducted propeller lift 7 g—é’: *
SRR S He ST SR S ) R 15. 5300, 4 S T 22 2 R S S R R 4R

FE AR 13. 3000, Ud W1 106 18 838 e 2 ) WA 11 35 % 4T T — Bl T RAT IR R 1 T B B TR O R e
BARSE T TS Ak i at CFD 5 Bk A7 T 56 0E 5 18



13

SR A A5 R T AT PO IR IR A S R S RE AR i 109

ko BT 45 S W, BT 15T B4 TR T B 5 A
I 2 3 R T B o 0 B 3R TEIVE R, BB A
L AR ST B AR T T 11, 196, [ B Ty 6 30 4 [ A%
T10.5%, R B E N S Re R, 22
P T AR R IE R O, s A Yk
LSBT BAFRAE T R R MR AL FE TR
B 20" AP i — R T 2 15.53% . W o
FrR@EEY ks DA B THESHISS
FE T3 43 A 32 KA D % £ D00 25 S S0P BE SR 43
B PERE R R

AR EAE T IR @B+ CFD & IE " J5 i
FE W T SR HE R R AT AT O RAT IR G AR
RGN = RS RT ERAE T HS AR S R R
o SR, YT B A AR AE — 8 Jm BRPE |, 4ok

S E WK

[1] TAYYAB M, XIA Y Q, YASIR A L, et al.
Flight control technology and classification of ducted
fan aircraft [J]. Control Theorg and Applicaton,
2022,39(2): 201-221. (in Chinese)

[2] PAULFY, KENNETH W M. A Wind-tunnel In-
vestigation of a 4-foot-diameter Ducted Fan Mount-
ed on the Tip of a Semi Span Wing: NASA TN D-
776 1961 [R]. Washington,US: NASA, 1961.

[3] PAULF Y. Aerodynamics of a Tilting Ducted Fan
Configuration: NASA TN D-785 1961 [R]. Wash-
ington, US: NASA,1961.

[4] GRUNWALD K J, GOODSON K W. Aerody-
namic Loads on an Isolated Shrouded-Propeller
Configuration for Angles of Attack Form — 10°to
10°: NASA TN D-995 1962 [R]. Washington,
US: NASA,1962.

[5] GOODSON K W, GRUNWALD K J. Aerody-
namic Characteristics of a Powered Semi Span Tilt-
ing-shrouded-Propeller VTOL Model in Hovering
and Transition Flight: NASA TN D-981 1962
[R]. Wash ington, US: NASA, 1962.

[6] KENNETH W M. Performance Characteristics of a
4d-foot-diameter Ducted Fan at Zero Angle of Attack
for Several fan Blade Angles: NASA TN D-3122
1965 [R]. Washington, US: NASA,1965.

[7] CONEY W B. A Method for the Design of a Class
of Optimum Marine Propulsors[D]. US: Universi-
ty of Cambridge, 1989.

T A5 MRF J5 ¥k R g 58 2 4l 92 Bk S Ui sh 401y, 18
185 M B B A AL L 2 — P TRAR R
ARG LRI S Z AR Tr ik g =

B QB E A TO R MYERENT S, LR T T2
i
fEE TR

KM ARt FERE AR ERI,#X
e LIRS,

FRM LT, RAATTR AT

AR I LW S BRI T

AL EY e X FHEE

LES EE SRS

B AT e M B L BEHE AT

[8] #A=F, vt E% . WIEIBRNER 5 IN B E R <347
PER BB L[] A2 3 A 4R, 2011, 26
(12): 2820-2825.
XUHY, YE ZH Y. Numerical simulation and com-
parison of aerodynamic characteristics between ducted
and isolated propellers[J]. Jowrnal of Aerospace Pow-
er, 2011, 26(12): 2820-2825. (in Chinese)
[9] &AZ, sthhs, 40 . — Ff i O I8HE 26 ) 6 1%
k], AuE TR, 2013, 4(3): 352-357.
GAO Y W, HUANG C J, WEI CH. A simple ap-
proach to the design of ducted propeller[J]. Advanc-
es in Aeronautical Science and Engineering, 2013, 4
(3): 352-357. (in Chinese)
[10] JRizse, vhE 5%, #FA= 5 . BRI BRI ]
X E MR E R S SRR W [T, AR B A F
R, 2014, 29(6): 1468-1475.
SUY D, YEZH Y, XU H Y. Influence of tip
clearance and propeller separation space on aerody-
namic performance of ducted propeller[J]. Journal
of Aerospace Power, 2014, 29 (6) : 1468-1475.
(in Chinese)

[11] spa%, AN, Fia . —FhimiE g8 e 5 2 & sl
B k[T]. AuE Fak, 2022, 43(7): 125253,
GUO J H, ZHOU ZH, LI X. An efficient design
method for blade of ducted propeller [J]. Acta
Aeronautica et Astronautica Sinica, 2022, 43(7) :
125253. (in Chinese)

[12] ZFae,=m, ZH9A, F. —FILFEERGHE
9 T8 38 SR B A BT OT Rk [T]. kA, 2024(4)
55-60.



110 e K TR 4 34 %
L1 Z Q, JIANG X, WAN J M, e al. A design BEEMMEEI]. A$5 %%, 2019, 41(6) :
method of ducted propellers based on hovering and 739-744.
forward flight[J]. Trainer, 2024 (4) : 55-60. (in LIU P Q, GUO ZH F. Derivation of lift, drag and
Chinese) the kutta - joukowski theorem for aircrafts[J]. Me-

[13] FRMGEE, Ar &9, 4040 X, F . — A e i E 1R e chanics in Engineering, 2019, 41(6) : 739-744.
KRG a Bt Ikl g3 4k, 2024, 39 (in Chinese)

(12): 101-114. [20] &4, Mdt, FEA, F. KPHRIIBLE I
CHEN WF, YU ZH M, ZHONG B W, el al R D), A K, 2010, 3L(4)
Comprehensive design method for tilting ducted 589502,

propeller[J]. Journal of Aerospace Power, 2024, BATTY, YANG K, LIH L, et al. Design of the
39(12): 101-114. (in Chinese) ) o L .

4] BuRde SEE. BRI L A b horizontal axis wind turbine airfoil family[J]. Jour-
(R LT, B FHIE K IR 2015, 37(4) nal of Engineering Thermophysics, 2010, 31(4) :
4135, 589-592. (in Chinese)

LI X H, GUO ZH, CHEN Q Y. Numerical simu- [21) &—R, 2%, # X4 NASA &% 24 F i
lation of ducted rotor’ s aerodynamic characteristics (M. JE5t: Tl AR, 2021

[J1. Jowrnal of National University of Defense ZHU Y F, WANG T, HUANG M G. NASA
Technology, 2015, 37(4): 31-35. (in Chinese) System Engineering Manual [M]. Beijing: Elec-

[15] #:3L, 9180, SR EA, £ . HE TR 5 tronics Industry Publishing House, 2021.

9 5% 00 B HoR B LB [J]. AR 4R, 2022, 43 [22] RkF, S3nE, M. H4uUiE i XUE
(7): 125466. SENEEEE[)]. KAR T KM ARAR
HAN K, BAIJQ, QIU Y S, er al. Aerodynamic M), 2016, 39(4): 83-86.

performance and flow mechanism of ducted propel- ZHOU L Y, LV QY, YANG L. Aerodynamic
ler with different design variables[J]. Acta Aero- characteristics of coaxial propellers ducted fan[J].
nautica et Astronautica Sinica, 2022, 43 (7) : Journal of Changchun University of Science and
125466. (in Chinese) Technology (Natural Science Edition) , 2016, 39

[16] &4, Fxm, 24, F. WEX IR ERIT (4): 83-86. (in Chinese)

SAEREETET]. R F A E T, 2025, 33 (23] 2 &4, T i BOUE e R R i T A
(7): 1100-1113. PEAMBTLD). #3548, 2018, 67(5): 178-193.

GAO SHY, LITY, WANG ZH, et al. Design LI G H, WANG F X. Evolution characteristic
and aerodynamic characteristics research of ducted analysis of double-helical vortex wake of high Reyn-
flying car[J]. Opt. Precision Eng. , 2025, 33(7) : olds number flow [ 11, Acta Physica Sinica, 2018,

17] i(;:ill;;fhfhi‘ig‘s;;’iﬁ@fézib%iﬂfr[J} it 7O ATE1E. in Chinese)
?%i;li‘;?lﬁfZOM,l—le&lS): 6510-6;7. [, S BT SRR T AR S
KONG F J, FENG ZH Y. Design of ducted pro- FHEREREFELI]. BXRERARFER,
peller under multi-working conditions [J]. Science 2004, 36(2): 164-168.

Technology and Engineering, 2024, 24 (15) : LIJ B, GAO ZH, TANG ZH F, et al. Experi-
6510-6517. (in Chinese) mental investigation on lift and drag of ducted fan

(18] Zuk, 4h4h, K, & . WOHEFERE &I 5 system[J]. Jowrnal of Nanjing University of Aero-
BN A A WSS [T, A E AR, 2025, 46 nautics & Astronautics, 2004, 36 (2) : 164-168.
(4): 135-154. (in Chinese)

LIX D, ZHONG W, WANG ZH, et al. Ratio of [25] Fwede, 30E, Areth, . W0IH XU SN 2800
propeller thrust to total thrust of ducted propellers SRR [T, BB AR K F F MR, 2016,
[J]. Acta Aeronautica et Astronautica Sinica, 38(4): 28-33.

2025, 46(4): 135-154. (in Chinese) LI X H, GUO ZH, LIU ZH W, et al. Influence

[19] X1, 34 & . RATAAYTH I (BH D T+ 5 3% of ducted fan profile parameters on aerodynamic



g SR A A5 R T AT PO IR IR A S R S RE AR i 111

characteristics [J]. Jouwrnal of National University (9): 245-251.
of Defense Technology, 2016, 38(4) : 28-33. (in JLQ, LIJB, FANG Y. The aerodynamic char-
Chinese) acteristics and parameter optimization design of
[26] Hmms&, Zadk, & . WA XS8R R ducted fan[J]. Science Technology and Engineer-
ZH AT T]. xR K5 4, 2019, 19 ing, 2019, 19(9): 245-251. (in Chinese)
EZE B A : BIRIEE:

ZHPA(1987— ), B, v B AL
L HEE AR, 2010 4 T M AT
MU 25 i K K 27 3045 2 560, 2015 4F
FiEE R 2, EENE K
TRk ARG S TR K
1148 )y S a5 A Fh 3R AT A A
75 T B BF 58 . E-mail: 18911638156@

163. com

B 18 2 (2000— ), B, Pa G o A i
A, BTG AT AR BT LR
T 3 42 E 3% 5 1 A BF 98 . E-mail:
18536742596@163. com




