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A Method for Analyzing Cycle Parameters of Turbofan
Engine with Component Constraints
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(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: In order to research the constraints of aerodynamics/configuration/strength parameters of compo-
nents on the cycle parameters solution domain in the preliminary design stage of turbofan engine, an overall/com-
ponents coupling design method, using Newton iteration method and Smith chart, which is based on the perfor-
mance model and the size—flow model, has been proposed. On the basis of the constraint boundary of the main
components’ design parameters, the method can get cycle parameters solution domain which satisfies both of the
overall and components design requires. The 4th generation mixed—flow two—spool turbofan engine EJ200 is eval-
uated by the method. The solution domain, which satisfies the constraints of components design, is obtained by
using modified method. Compared with the published data of EJ200 engine, the diviation of main component de-
sign parameters is less than 4.0%. The results show that the method is practical and meets the needs of engineer-
ing applications.
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Table 1 Constraints and Parameters Ranges

Constraint Parameter Range
uy/(m/s) <500
Ty <1.8
Ma, 0.4~0.7
uc/(m/s) <500
Aerodynamics
T <1.8
Ma, 0.35~0.55
May, 0.20~0.55
May, 0.25~0.55
An’/(m? - rad’/s?) <3x107
Strength
An’ /(m? - rad’/s?) <3x107
dy 0.3~0.6
d. 0.5~0.8
Configuration _
dyr 0.50~0.93
diy 0.50~0.93
0.8 — >
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Fig. 4 [EJ200 smith chart of fan and compressor
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Fig. 5 EJ200 smith chart of HP turbine and LP turbine
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Table 2 Range and value of cycle analysis parameters

Parameter Range and value Parameter Range and value Parameter Range and value
F /kN «0.75 B 0.3~0.5 e 0.85
sfe/(kg/(kN+h)) #83.0 Zy 3 Ne 0.86
T,/K 1700~2000 Z,. 5 Mur 0.89
Ty 3.0~6.5 Zyy 1 M 0.90
o 20~30 A 1

Notes: ‘F,: specific thrust; ‘sfc’: specific fuel consumption; ‘7,

sfel(kg/(kN - h))

Design
Point

30 35 40 45 50 55 60 65

(a) B=0.4,7 =260
sfel(kg/(KN - h))

O N\D 00 0000 00 00 0O ~JI~J~J
PSOIFEG=D505
[slelelelelelelelelele)]

(¢) B=0.5.7, =26.0

: HP turbine inlet temperature; ‘z, " : overall pressure ratio;

(d) B=0.4,7,,=30.0

sfc/(kg/(kN - h))

2000
82.0
o
1950 87:0
89.0
b
1 2
98.0
E" 1850 = 100.0
1800
Solution
1750 domain
1700, sfe

(e) B=0.4,7,=20.0

Fig. 6 Result charts of different B and z,,
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‘B’ : bypass ratio.
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Table 3 Parameters of EJ200 in design point

Parameter Value
Way/(kgls) 79.0
B 0.4
T,/K 1790
Ty 4.2
T 6.2
Np 0.85
Ne 0.86
M 0.89
My 0.90

BT BARAR RS G 7L S T EJ200 & Bh Lk
B WEAFR, ATLEH

(1) SR 25 5 A 29 (0 916 28 2 50000 M 7 2k 3K
BT EJ200 K& B #LK ff 35k, 1200 & h AL I &5 9% 1

KA, WLE 6(a) .

(2) BE LT B 380 19 EJ200 B2 3 8, S8 T
RO TR R 5 EJ200 & A FF 19 52 bR ik
A5 AR ZETE 4% LA, 3 W R J7 Books B T LA &2 T

Table 4 Design results of EJ200

Parameter Calculated value Actual value  Erro/%
F/kN 61.05 60.00 1.75
sfel(kg/(kN+h)) 81.3 81.0 0.37
r/m 0.372 0.370 0.41
May 0.651 - -
dy 0.380 0.384 -1.04
up/(m/s) 475.7 - -
Ty 1.740 - -
May 0.525 - -
d. 0.688 0.699 -1.57
uc/(m/s) 479.1 - -
T 1.572 - -
May, 0.508 - -
dyr 0.895 0.865 3.47
An® /(- rad’/s?) 1.93%x10 - -
nc/(r/min) 17930 - -
Ma,, 0.526 - -
dyy 0.780 0.753 3.59
An’ /(m* - rad?/s?) 2.14x107 - -
np/(r/min) 12221 - -

Notes: ‘ F’ :engine thrust.
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