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Fig. 1 Structure of the turboelectric propulsion system

2.2 FEHERITE R

5 7 T B F A P AR T AR R, T X 4
2t R G — 2o e DL RBE R A R I . X BERE
LA - (1) 72 HE 2R 2 G0 1 0 18 XUR3 A B A sh L,
UL T U % B 1) 8 Sy — 4R B, O BUE A A
BB S B ) 0 A 5 (2) Wi sl R A 25 I8 A 5 AR
PF RS, RV e R RT3 5 (3D fROE i R &t

2209076-2



Fask A1 e i

#HooR

2024 4F

AR AR v, A i E S ) BE B A0 AR O SE (B, A H
HLAN R Bl HIL Y BE f2E 15 3 2 3 AN 2 i ML A ) 94 )
SO, AN 75 i HL A R BR A A R A 2 I A% 3 B
ERE NS

S SR PR A 1 S S R A R B Y T AR
T THT i) X G 60 S AR T 3 o ) At S R KU B R
1 NN AN N e N S R S G2 ST R B
Bt B 8 A A Y % AR T 2 A 1R 2 T o R T SCRR
[ 14 D 3t 1) AV B o R P 9 R T i, o D R 4
R 1T 0 R R A XU B AU T e o AR SR [ 15 ]
F 7 P A R AR ) AL S VS (R L KU A )
TEERE A PR B IR AT B S RO IR T
ARSI XU R R A B AT 2 R, e O
SEo WL R AR M, SO E XU AT R TR
AR B

M, = 30W(lc;;(Tt,2 - T&.l) (1)

Fo=W(vy—v,)+A;(ps = puo) (2)
b W, o TR E KURS R R e, WA IR VAL T,
Sh R XU R, T S R TE XU 2GR,
N R B AILAG S vy R R TE KR A v, R
AT B A O TR T8 XURR A8 HE 1 IREAR p_ S T8 1 XL B
W T s, R E T

0 1 I2 3
N

Nozzle

_____________ |_ Motor R

Fig.2 Components model and cross sections of
the ducted fan

e HL 3 A e b R Y P R A B AL L & A L
T A% iy o 6 7 AR B R REARURE o AR SCOR B A 1 K
SRR SR T A R R A R R G L R ELL
M, N R RE AL BB R P, AT T
K

Nt = MenMeie Mo (3)
M
M, = Dol (4)
) N gen
P, =(w/30)(1 - MNan )Mgrungun (5)

T, iy v HE R BE A2 8 R, 9 A HLBIL
AE IR 12 1 A0, m,, o 1 3 v B R R AR AR S, M
BB HLRE AL 1 280  n,,, N AL PLEG T

HL Sl LA A L AL B T A A RE B A% 1B AR R AR i
PLBETH K- 45 5, AR BT i B9 g 2 4% 1 0R R A R
PLACR BT . RS SCHERT 10 ] 7K i L L5 2R e 3
SRR ARAT T ARG A HLACR BT AN AL 3 R
56 WHL A 2E AR G BT AT AR TR B A L )
LA v AL g 5 s 5 o v AL BRI A L Bl AL
A H AL A RO A, BRIV RE S 1% 338 200R 5 e A
TR PRECC R

nmm = f] ( Mmm? nmm ) ( 6)
ngen :fz(Mgenvngen) (7)
120 Efficiency
100 - 0.96
E 80 0.92
é L
g 0 0.88
E 40 -
i 0.84
20
; 0.80
0 —— il 1 1

. A .
0.0 02 0.4 0.6 0.8 1.0 12

Relative speed

Fig. 3 Efficiency maps of motor

TE 45 52 BT md A6 30 2 B AR U B HL e 2 A
Bl ACE AR A R Sl L A% R A R AL
BB AT 5 A e AR BB T R RE . R
Ge T AR A i 88 B it s i, 5 2008 5 7 - i 7
20 1y Iy 2Ok 3% AR AR Z AR BT S B RE S .
P A A B 2% T A O 75 Tk A ) S A R kAR
AN PR o BERGE I BE N HE B M 1R R S
B ARZSBE TR 22 b KU T XU B e LAY
B A o e e T A MR A B A2 AR, B E S LSOk
L1705 J AL I BAE N S v HIL 7 0 5 () 5 T A AL
B RS Z o RS L 5 8 3 s XU E i
5 A L O B A AR O O O R AR R
WG AE E U R AR A S L HIL I RO 5 R R R R
R AL A Dl RS T S L D R S e R AL i R
AR Z o NS AT LUA e o A B i 25 X8
VT e 2 — A B AR R AUR S s 5 — Ak
A B O Pl 28, AP 07 R B P . AR St
FEL SIHILAT OGS 49 B0 2 3k S 45 i 2 5
23 RBEREERRFEYKE

SR FH B A 3 S ST 30 B A Sl ML ASE SR A 41 £ Ay AR
VS0 b R Sl LR B 2% A S 28 T 75 6 2 1 5
e fe kR MR 2 frn . RpEMAEEN & X

2209076-3



HasE: 1

i e HL A I AR T S A S ML A T

2024 4F

Table 1 Iteration variables and balance equations of

electric propulsion module

Table 2 Iteration variables and balance equations of

turbofan module

Components Iteration variables Balance equations Components Iteration variables Balance equations
Inlet B - Inlet B -
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Nozzle - Mass flow Compressor B Mass flow
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Fig. 4 Calculation process of the simulation model
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Fig. 5 Simulation model of the turboelectric propulsion system
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Table 3 Design parameters of electric propulsion module

Design parameters Value
Mass flow/(kg/s) 120
Altitude/km 0
Ma 0
Fan pressure ratio 1.3
Fan efficiency 0.875
Motor efficiency 0.96
Circuit efficiency 0.98
Generator efficiency 0.97

Table 4 Design parameters of turbofan module

Design parameters Value
Mass flow/(kg/s) 60
Altitude/km 0
Ma 0
Fan pressure ratio 5.0
Fan bypass ratio 0.56
Fan efficiency 0.875
Compressor pressure ratio 5.9
Compressor efficiency 0.860
Burner exit temperature/K 2000
HPT efficiency 0.871
LPT efficiency 0.863
Cooling air/% 12
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Table S Performance comparison of simulation results with

GasTurb results

Parameters Simulation GasTurb
F,/kN 74.43 74.32
F/kN 23.91 23.91
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Fig. 6 Performance with fixed geometric parameters
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Table 6 Optimization variables at throttle rating

Optimization variables Lower limit Upper limit
Ag/m® 0.08 0.15
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0l % 0 100

Table 7 Constraint parameters at throttle rating
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Modelling and control schedule design of
turboelectric propulsion system

JIANG Tianmu, ZHANG Xiaobo, WANG Zhanxue, LIU Yongquan, YAO Yao, HAO Wang

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: A performance simulation model was established to study the working characteristics and control
schedule design method of the turboelectric propulsion system. The calculation model of the ducted fan was estab-
lished based on the component method. The generator and motor performance calculation models were selected
based on the motor efficiency map. The electric module calculation model was established based on the object—ori-
ented modelling method. The electric module model was added to the turbofan component—level model, and the
co—working equations of the turboelectric propulsion system, namely its performance simulation model were con-
structed. The reverse method was used to study the working characteristics when the ducted fan thrust is adjusted
under the control schedules of different geometric parameters. By adding the thrust balance equation to the perfor-
mance simulation model and combining the differential evolution algorithm to construct the optimization model of
the turboelectric propulsion system, the optimal design method of the control schedule of the turboelectric propul-
sion system was formed, and the control schedule and performance of the throttle rating of the propulsion system
were calculated. The results show that the maximum deviation between the design point performance calculation
results of the simulation model and foreign engine calculation software is only 0.22%, which verifies the effective-
ness of the modelling method. The ducted fan thrust changes may cause problems such as over—temperature,
over—rotation, and surge of the turbofan engine. By jointly adjusting the area of nozzle throat and bypass injector,
these problems can be effectively improved. The designed throttle rating control schedule can ensure that the en-
gine is not over—temperature, over—rotation, and has sufficient surge margin, and the specific fuel consumption
can be further reduced during the throttle rating. The control schedule also has the characteristics of continuous
and monotonous, which is conducive to engineering realization.

Key words: Aeroengine; Turboelectric propulsion system; Propulsion system modelling; Differential

evolution algorithm; Control schedule design

Received:2022-09-25;Revised:2023-02-16.

DOI:10.13675/j.cnki. tjjs. 2209076

Foundation items: National Natural Science Foundation of China (52076180) ; National Science and Technology Major Project of
China (J2019-1-0021-0020) ; Science Center for Gas Turbine Project (P2022-B-1-005-001) ; Fundamental Research Funds for
the Central Universities.

Corresponding author:ZHANG Xiaobo, E-mail: zhangxb@nwpu.edu.cn
2209076-13



