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Fig. 2 Characteristic curve of two load devices
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Transient state —

HPT power=HPC power+High-pressure spool accelerate and decelerate power

LPT power=Fan power+Clutch device power+Low-pressure spool accelerate and

decelerate power

Clutch device sliding state:Clutch device friction moment=Load moment+Load
accelerate and decelerate moment

Clutch device lock-out state: Load device speed=Low-pressure spool speed

Fan intake flow—Fan characteristic graph interplates flow

HPC intake flow—HPC characteristic graph interplates flow

HPT intake flow—HPT characteristic graph interplates flow

LPT intake flow—LPT characteristic graph interplates flow

Load device back pressure regulating valve intake flow—Circulable flow
Mixer inlet induct and outduct static pressure
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Equilibrium equations
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Fig. 5 Variable and equilibrium equation of engine performance numerical simulation
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Fig. 6 Performance calculation process of engine with clutch device
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Fig. 7 Test method flowchart of load impact on engine
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Effects of rotational speed-power coupling friction
on-off load on turbofan engine performance

YUAN Changlong, HAO Yanping

(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: Aiming at the problems such as low fault tolerance and insufficient power output capacity of the
high pressure shaft power extraction method adopted by the traditional aero—engine, as well as the long time oper-
ation of the load device, a low pressure shaft power extraction scheme of turbofan engine with clutch device was
proposed, the system coupling model was established, the whole machine test system was built and the test meth-
od was proposed. The effects of rotational speed—power coupling friction on—off load on turbofan engine perfor-
mance were studied by numerical calculation and experimental verification. The results show that the low—pres-
sure shaft of turbofan engine has the ability of high—power extraction, and the technical paths of the low—pressure
shaft starting with load and running with the larger high and low pressure shaft rotational speed difference are fea-
sible, but there are problems such as exhaust over temperature and decreasing stability margin of compression
components. Taking measures such as reducing the load power, prolonging the actuation time, selecting the ap-
propriate compression force value and considering the safety margin of 1.5, and actuating in the low state of the
engine are beneficial to the safe operation of the engine during the actuation of the clutch device. The established
system coupling model has good simulation accuracy, and the steady—state and dynamic calculation errors are
less than 6%. The test method is reasonable and effective, and the parameters in the process of test verification
are good, which can provide reference for other similar experiments.

Key words: Turbofan engine; Extracting power from low—pressure spool; Clutch device; Simulation

analysis; Experiment
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