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Abstract: In order to investigate the implement method with both fully coupled approach and iterative cou-
pled approach and to study the differences between the two approaches, the two—dimensional fan model was built
and integrated into the cycle analysis with fully coupled approach and iterative coupled approach to establish the
multi—level model for turbofan engine. The differences of simulation results, calculation speed and operability be-
tween the two zooming strategies were analyzed. A comparison of the results obtained from the zero—dimensional
engine model based on component default map and multi-level was presented. The results indicate that the itera-
tive variables need to be adjusted based on the requirements of the two—dimensional fan model for boundary con-
ditions in order to establish the multi-level model with fully coupled approach, and the result of zero—dimension-
al engine model is used to initialize the iterative variables to ensure the convergence of the multi-level model. As

for iterative coupled approach, the key is the control of the data transfer between the two—dimensional fan model
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and the zero—dimensional engine model, and it is easier to carry out than fully coupled approach. When the com-

putation converges, there is no difference in the results obtained from the multi-level models using different

zooming strategies, but the calculation speed of the multi—level model with iterative coupled approach is faster.

Compared with the result of the baseline model, the maximum difference in the thrust solved from the zero—di-

mensional engine model is bigger than 8.34%, and the maximum differences in the thrust and specific fuel con-

sumption of the multi-level model are less than 3%, which means that the multi-level model can predict the en-

gine performance more accurately.

Key words: Aero—engine; Zero—dimensional model; Multi-level model; Fully coupled approach; ltera-

tive coupled approach
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Fig.1 Simulation model of mixed flow turbofan engine
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Fig. 3 Default map of Map02

Table 1 Iterative variables and balance equations

Balance
Component Iterative variable )
equation
Fan Bypass ratio, 8
HPC B Mass flow
Burner Exit total temperature
HPT B Mass flow
LPT B Mass flow
Mixer Static pressure
Nozzle Mass flow
Low pressure spool Rotational speed Power
High pressure spool Rotational speed Power
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Fig.4 Comparison of performance curve for fan obtained

from the two-dimensional model and the experiment
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Fig.5 Flowchart of iterative coupled approach

R B v 4 355 & B ML 4 B R XU B 30 1
4 FLASE AL TR S A R T AR e, T X R R AT
SR X 5 I B SR AN 7 AR S . SR B AR
o, B AY A 7B 2 BT B4 (H O R BEAR 4 XU
Y {) AR AR 31 B A% A 104 L SR ) 36 AR A VR AH N 1Y
VR [ R G A R A . AR SCHE SR i X
Jad ey LR Y I B P 24 A0k O3 R AR R R X
YR BRI AR D S HGHE AT B AL
Poab e 15 200 R L 5 SRR T 5 F 4 B
ARG

AR SCAERETY A B A b S T AL AT A2, [
Bf, e TR B LAl [ N7 7RI BT A B2, £ A AL Y
BAGRBWME 2R . KNP Z 4 BAE R
R FB A 2 A B 2% A i L RE M 5 ke Bl LR 2 {5 B
R v £ R B T AR — 3

3 HEERSSH

3.1 EEREE5ERBExItt
A AR AL A2 SR B AT B2 AT

AN ) KU B T 1) e h ILPE g, 4 B 1 36 A 00 (B X
2 Yt B A LR RLTE S A5 RS2 e, OF X L T AN [
G Z R 25 5%

6 F I 7 43 5l 45 1 1 BAY A1, A2, B1 fl B2 it
AT BN 0 R SIALHE )RR XU S 44 9 R b RN A
05 250 2% Bt X Bl 48 95 7 o Y 8 AR AE B o 181 Thrust',
SFC 7", m" 5y 5 e 7 JFE 28 R bE A AR R ROR AF
SR TC i WAL R £ s e i WA B R N, o)
7k 0.70,0.76,0.82,0.87,0.93,0.99 1 1.05. & 8 %44
T A BT SR At ek R v DR A AR R g O

5 B o~ 8 T LL & B, B A1 RN A2 TH A5 5
) R AL B FR A 1 B e A — B AR U TG e A 5 B
P>0.82 B, A AT AT A2 JE XS 4 AR A R KR
KO >, 11 76 TG 5 49 46 55 6 1 <0.82 B, #8573 A1 4]
FH AU RS 2 A5 780 g Y 5B e 38 hn, BEY A LRI A2 (3T
B EAA —EMES . BT, %A & E
AR BE T 58 AR A IR 0 2 4 B BB RS AR
S5 RIS H XS TR A — E R, R
B1 1 B2 75 XUl JC 1 20 460 550 % 340 >0.76 B, 11 58 T 453
P B ML SR A PR e A AE W i A 25 s AR B2 A L
A BT A R XU AR A A U BRI 3, B AR R
WAy 0T BT B A XU 4R AR R A Uk Rk )
40 %, BPaEACHE & i 2 AR EGA 2] FRR . B kT,
AR AR R 0T 2 AR G O B TSRS SR TR
WEW A BEZW . FCE AR B B2 %Rt
FErpgk 22 B — 2 B AT RS R AN F Y

&9 25 th i 85 AL B 7E XU TG ik 4 4 B
0.70,0.76 F1 0.87 I}, F& Fb R 25 i 200 % 126 4% 5% 22 19 A
AR B0 o AT DLk 3, AE XU TG i 49 4 B R Ry
0.76 I}, J [b 5% 22 1 55 05 R0 5k 25 B DOl R e, e ¢
ANT 107, IR A5 SR BI s 7 K TG B 4N 4 B 5
0.70 Bf, s H 3% 22 5 5 M ROR 3R 22 W Re 82 T 1%, B 4%
U107, T 58 42 30T WSk T AE XU TG e 4N 48 B 0

Table 2 Description of simulation models

Simulation model

Description

Zero—dimensional D1 MapO1 is used to represent the fan characteristics
engine model D2 MapO02 is used to represent the fan characteristics
Al The result of model D1 is used to initialize the iterative variables
Fully coupled approach .
2 The result of model D2 is used to initialize the iterative variables

The result of model D1 is used as initial value for the iterative process between the zero—dimensional engine

B1

Tterative coupled
approach
B2

model and two—dimensional fan model

The result of model D2 is used as initial value for the iterative process

between the zero—dimensional engine model and two—dimensional fan model
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Fig. 9 Variation in residuals for model B1 under variable

corrected rotational speed of fan
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Fig. 10 Comparison of thrust and SFC obtained from zero-

dimensional and multi-level engine model
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and multi-level model compared with baseline model
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