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Table 1 Iteration variables and balance equations of the

open rotor engine

Components Iteration variables Balance equations
IPC B value —
HPC B value Mass flow
Combustor Exit temperature —
HPT B value Mass flow
IPT B value Mass flow
LPT B value Mass flow
Nozzle — Mass flow
HPS Relative speed Power
1PS Relative speed Power
LPS Relative speed Power
DPGB — Torque ratio
CRP N,,N,.B,.B, CRP-LPT rotating speed
Total number 13 10
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Table 2 Design parameters of open rotor engine

Component Parameter Value
Pressure ratio 2.05
IPC
Isentropic efficiency 0.908
Pressure ratio 20.40
HPC
Isentropic efficiency 0.860
Exit temperature/K 1798
Combustor
Pressure loss/% 4.6
HPT Isentropic efficiency 0.935
IPT Isentropic efficiency 0.925
LPT Isentropic efficiency 0.920
Nozzle Pressure ratio 1.30
Diameter/m 4.26/3.99
Hub diameter/m 1.60
Spacing/m 1.06
CRP
Rotating speed/(r/min) 1000/1000
Pitch angle/(*) 61/60
Prop efficiency 0.8/0.8
Mechanical efficiency 0.99
Torque ratio 1.36
DPGB
Carrier connected to Front—prop
Ring connected to Rear-prop
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Fig. 5 Altitude and velocity characteristics of open rotor engine
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pollutant emissions
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Table 3 Thrust requirement of the engine (kN)
Parameter Value
Design point
gnp 27.41
(H=10 668 m,Ma=0.785,I1SA+10 K)
Maximum continuous
51.97
(H=6 096 m,Ma=0.490,1SA+10 K)
Economic cruise
22.38
(H=10 668 m,Ma=0.785,1SA)
Max cruise
25.82

(H=10 668 m,Ma=0.785,ISA+10 K)

Table 4 sfc comparison of the turbofan and open rotor
Operation sfe of turbofan/  sfc of open rotor/ D 1%
condition (kg/(N-h)) (kg/(N-h)) cereaselvo

Design point 0.0552 0.047 6 13.77
Maximum

. 0.045 7 0.037 8 17.29
continuous

Max cruise 0.0555 0.048 4 12.79

Economic cruise 0.053 4 0.048 5 9.18

Table S LTO cycle pollutant emission comparison of the

turbofan and open rotor

Parameter Turbofan Open rotor Decrease/%
Emission of UHC/g 33.93 29.42 13.29
Emission of CO/g 2 240.01 1973.81 11.88
Emission of NO /g 4 587.88 3836.27 16.38
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Modeling and performance analysis of open rotor
engine considering pollutant emissions

ZHANG Ziyu', ZHANG Xiaobo"?, ZHOU Li', WANG Zhanxue'

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China;
2. Collaborative Innovation Center for Advanced Aero—Engine, Beijing 100191, China)

Abstract: The open rotor engine has the characteristics of high propulsion efficiency of turboprop engine
and high flight speed of turbofan engine, and is one of the ideal power devices for future civil single—aisle passen-
ger aircraft. In order to grasp the performance variation of the open rotor engine, and to clarify the advantages of
the open rotor engine compared with the high bypass ratio turbofan engine in fuel saving and pollutant emissions
reducing, this paper established a contra—rotating propeller model based on the propeller similarity theory and
momentum theory, which considers the interaction between the front and rear propeller. Matching with the dual-
shaft gas generator, a three—shaft gear drive open rotor engine model was established. An engine pollutant emis-
sions calculation model was established. The performance of the open rotor engine and high bypass ratio turbofan
engine were compared finally at the same technical level. The results show that the error between the established
contra—rotating propeller model and experimental results is small, and the maximum error does not exceed 3%.
When the flight Mach number increases, the contra—rotating propeller power coefficient increases, the thrust co-
efficient decreases, and the fuel consumption rate increases. When the flight altitude increases, the contra—rotat-
ing propeller power coefficient and thrust coefficient both increase, and the fuel consumption rate tends to de-
crease. Compared with the high bypass ratio turbofan engine of the same technical level, the fuel consumption of
the open rotor engine under typical operating conditions is greatly reduced by more than 9%. In the landing-take-
off cycle, the three pollutant emission indices of UHC, CO and NO, of the open rotor engine are reduced by more
than 10% compared with the high bypass ratio turbofan engine, indicating that the open rotor engine can effective-
ly reduce the emission of aviation pollutants.

Key words: Open rotor engine; Contra—rotating propeller; Engine modeling; Pollutant emissions; Per-

formance analysis
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