55 57 B 4 W) B RS IR Rez2e e CH R B 22 ) Vol. 57 No. 4

20254 8 H Journal of Nanjing University of Aeronautics &. Astronautics (Natural Science Edition) Aug. 2025

DOI:10. 16356/j. 1005-2615. 2025. 04. 008

770 4 U 2 3 28 IR 6 i 2 4 33 4 o R R 3R

T,
(P O 25 R R RE TR 'ﬁﬁ Ji% e B At 210016)

WE: AR BEARBELRAAA - FHHEEAREH A AR, BRBAINE LBESH I AR BUAR . ZLIEFH
38 SE A R R RN G RIS, FILFHAE I, B AT A s AR 2 R T R R F R B WA A i i A2 4G P ) Am ik
A, RT3 AR Sh R R e ik ) R W AR R ek AR IR S AT FIAAIK
if]y&iﬁﬂk/’aiﬁ7;%/?37iébimiliﬂﬁﬁ~ﬁ]ﬁai$ BB T AR T EFHRAER 09 5 BB ek R de )Rk
BAEAE DB ERBIELFAG ABRADAM EES TIHARAB G E ST H R AR mik T 2IERE R
ZEWM AR KRELY R \I‘"&ﬂ”%ﬁﬂkh Ht R, R ZESRERDTFTESR EHEMNBRANRRAZZH %

A e KA R ik AR R . AR AW,y OB E R ik i h i X AL T
TRHRBEA, FAT T E ik LR X AAREE EARBPATERT 33%,ATHRAERZT 1.7s, R
BT ENKHIE

KR ALK B R R R G R e BT R BB A A ROB T R ek

hESES: V2337 LEAR RS A X EHES:1005-2615(2025)04-0658-12

Acceleration Schedule of Air-Driving Ducted Fan Propulsion System

LEI Junhao, HUANG Xianghua
(College of Energy and Power Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: The air-driving ducted fan propulsion system is a new design for vertical takeoff and landing power
systems which consists of a turbofan engine and an air-driving ducted fan. The air-driving ducted fan is driven
by the air intake of the turbofan’s bypass, thus achieving efficient lift enhancement. The previous study on
transition control schedule cannot project the dual-axis acceleration process. When designing an acceleration
control plan for air-driving ducted fan, it results in thrust fluctuations during the acceleration process of the air-
driving ducted fan. In order to achieve dual-axis coordinated acceleration between the air-driving ducted fan
and the turbofan, a relatively universal acceleration process control plan design method is proposed. Firstly,
three different forms of variable substitution models are established based on the systematic simulation model
of air driven ducted fan propulsion. Variable substitution models can solve the control variables in reverse
according to the given state variables. A phased acceleration control plan design process based on different
state constraints is proposed. According to the different state constraints experienced by the acceleration
process propulsion system, the control variables are solved in reverse using a variable substitution model to
obtain the acceleration process control plan. The simulation results show that compared with the traditional
variable replacement method, the designed ducted fan acceleration control plan achieves dual rotor
coordinated acceleration to reach the target speed, reduces thrust overshoot by 3.3%, shortens adjustment

time by 1.7 s, and avoids thrust fluctuations.

%5 B H#A : 2024-09-20; & 1T H #7 : 2024-12-08
BISEE ¥ 1A1E, &0, %%, E-mail: xhhuang@nuaa.edu.cn.

Sl A& T B, B a4 BT UK Bl T T XU RE 0 AR 0 s T RIS (T ] R R A A R K (A SRR
W) ,2025,57(4) ;658*669. LET Junhao, HUANG Xianghua. Acceleration schedule of air-driving ducted fan propulsion sys-
tem[J]. Journal of Nanjing University of Aeronautics & Astronautics(Natural Science Edition) ,2025, 57(4) : 658-669.



5 4 3]

BRI A TR R ) TR R A AR A o R 659

Key words: air-driving ducted fan propulsion system; acceleration schedule; variable replacement model; lift

fan; dual rotor collaborative acceleration

IR 2l Tk KR HE i &R 48 (Alir-driving ducted
fan propulsion system, ADF )" J& — Fft i % 1Y) 3
E RSN 4, i LA B B R S LA LA A
2 16 A 1 A3 B0 TR XU 2k, G T A D B Dy
b 4 BN e K Sl AILAI I8 S | R SR Bl T g TR X
S, AR B B o o A S RO A . AR IR LR
B QAT A% AR ) A Bl R A Hhohn e A T ARAR S
T RGRE S Sl 2 2 BRI Bk
AL A 5 2 Pk . ADF [6] i 40 A3 163
SR SIHILAF it R TR DX R Al A A SUh
[7i) 2 2 {5 SR 400 4 g e s, DR e 75 2 B3
L P A R, 7 0 sl B BB ) I
PSR AT 29 SRR IS B L AN AU e 4 e ok 2 ]
I B ST BUA Ti A f k

Bl P AD RS Bl ALk 98 2 4 ) 5T T R
AW 5T £ 43 S P2 (1) A T 24 o 9 O Ak 53 vk
P A AR R o AN SCRk[ 2 1R 8
) Bk S B0 B i s L e A o R R Ak
BT S AL Y I SRR 3 TR AR TL AR AN 45
LY TR 14388 4% 50V 3 o s ik n B RS 5 gt
SR S I e e ) S B 5 SOk (4 )R P 1k 3R
B PR T I e A TR 3T R s Zheng 4F
HFH DU ZE IR it AR A 8 Oy vk S T R A i
P DAk 1] R85 Y e S0 DL 2 R it 2%, JF Jié e
o - o g A T A A TR0 A AR L S
TR TT 58 s SCHRL7 1R T Btk N T fa R 5 vk
A2 B A ShAL s 42 it %) o (H LB Oy AR AR
PR OR SE A 2 AR SE L 2l 2 B AR
A R (2) BT A sh AL AL AT
I3AT . SCHRLS 42t D A 42 i |, &1 % gh A 3 W] T
VE 7 F8 1 SK it T R I 5E Ak 3l 25 R R 28, e Z v
TR ORI Y R B s U A A o R A
Bt . FEMGEEAL b, SOk (12 92 ) 3h 2580 e vl
o TR B AR A A S AR R R (E X R v
O 2 U SR IR R R & i AR, A R
die T 7 N A 0 A ) R . SCHRL 13 )2 i T
WK 58 R Sl AL el 3 47 o) 7 Rl e P 5 T Y AR
Bk o 17 VE RENE e KPR M K 45 K s HIL A R
AE L (R T3 07 %, 0 25 ik At ASE 28 78 6 i /S AN ()
I 8 5 22 [B] 4 ) BHOG AR DR I 5 AT T e 552 2 PR
ME I8 22 SRR, SCHRL 14 J7E e RE A 1o Pk
PEHE e B s R T TR R R 1 0
Moo JiaSFUOEEST 7RSI 1 BT HARIE IR R B bl
s A R (H 5 B 8 2 i LA 2

BORAFAT RS K Hu S50 R A 280 1 15 3
TR BIHUIMSCE 3 o SCHRL17 ] 3Rt — Ff g AR
FOSFAS T Bo NI 2 K ) | R BU SR S R S U R NAN
SR TR A 300 1 S AR B AR ) B 2 SR AR R Y
s AUk, ARAT S sl AL O o el o A ) KA . LA
PR BT S B R 2 B XE ST B 2 R S LA A
I AN T VLK 8y 0 XL R 1) XU 254

O S BB B i XUR A 0 BIL TR E JKUR B
[ 3, AR SC R H — ol i A R A R ) 2 B B
g P i R B Ok o AR 0 R A2 B AN
I B A (o % AT il 2 BIR o) ) K o o i 2 93 BE, /6 A [
B B IV AN [R] T S AR T AT o 9 A 4 3 ) i
o ARTTEAT LUT LA A« A5 PRI 7 22 4
PEAGNE O0 T, 3 ok B 98 2 ol 3 30 9 B0 T AR EE 4
BIp 1) U 3 i 3 e ol U2 1 [ e ik 810 4 7 e
B JBE G o e R SR AN B TR SR E T
gy 5 A [ B0 29 B AT RLSE 2 A [ T SR A kA
RGBT TG B ik R R 2 i e R
B, ke T U B AL 0y L Al 2R M AR SR
iR UKL A T BT ROR

S IR i KR i R S

1.1 ADF%#

A SCHTIESE ) ADF S5 89 an 18 1 i, fR s
105 i & SAIL AN A A 2 6 58 0 R T8 XU R . B
RYi i A S AL A Bk A A, AR A A R R
WU R SAL AR = F i FE A e s Fe
e RS R R U AR G0 2R A T
TR 8 XU R HE A A S 5 TR XU 2 - B g
R FE L A

WU | RSN MR R B
T
1 ADF %544
Fig.1 Structure of ADF




660 BRI MR Rz R (A R B 22 D

557 %

Tl 24 368 B e S AL OO ST A 0o AL ) 32 224
TET AN IE O 2R T fe S BE IR B i . A TAR
o R PP HIL A 0 U A e A 2 TP S RO L
PR TBA el R AN IR AL B IR B A |
Z A e, 75 AR I S T I K A2, 4K Sl 86 T8 X
B Sl TR B R AR A . R EE R A R iR R
Ji 5 B iR R 18 1Y) RE £ 2 8 I AR A% 0 L I A1 T 1 O
B T i o e A BE T AL B AT A . Y
AR 28 e R 225 U R I TR AR
(FRiE IO

T8 T8 A 548 A 18T 2 i, il ERCE TR A
JEE A1 018 50 A IR B T 2 30 A 2

S,

P2 SRSl IE K 45
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Table 1 Comparison of performance model design point

parameters for air-driving ducted fans

Parameter Model simulation results ~ Design data
F/N 9054 9 000
W/ (kges ') 67.1 67.1
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Table 3 Variable replacement model for air-driving ducted fan
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Fig.10 Variation law of ducted fan speed during accelera-

tion process
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(c) Accelerating the relative speed of the ducted fan in the early stage
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machine speed during acceleration process
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Fig.11 Speed and thrust during acceleration process
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Fig.12 Acceleration process state parameters
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