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Abstract

A simplified model is developed to investigate the power transfer and dynamic response of an aero-
engine low-pressure rotor under different flight conditions. The model incorporates inlet-state cal-
culation, combustor thermal dynamics, high-pressure rotor dynamics, equivalent low-pressure
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turbine power, fan/low-pressure compressor loads, and low-pressure rotor dynamics, while also
providing turbine inlet temperature and equivalent surge margin as safety-related outputs. A JT9D
engine model implemented in the Toolbox for the Modeling and Analysis of Thermodynamic Sys-
tems (T-MATS) is used as a dynamic reference. Simulations are conducted for a representative op-
erating condition and for 12 combinations of flight altitude and Mach number. At H =3000m and

Ma = 0.3, increasing the fuel-air ratio from 0.0187 to 0.0197 raises the low-pressure rotor speed
from 3542.65 rpm to 3715.28 rpm, corresponding to an increase of 172.62 rpm, while the normal-
ized residual power gradually approaches zero after the transient. Across the investigated operat-
ing conditions, the maximum turbine inlet temperature is approximately 1386.35 K and the mini-
mum equivalent surge margin is approximately 24.12%, both remaining within the prescribed
safety limits. The results show that the proposed model can describe the low-pressure rotor dy-
namic process caused by fuel changes the perspective of power balance and capture the effects of
flight conditions on rotor-speed response and safety-related states.
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Figure 1. Structure of the low-pressure rotor power-balance model
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Figure 2. Comparison of low-pressure rotor speed responses between the proposed model
and the T-MATS reference model under the representative operating condition
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Table 2. Main steady-state parameters under the representative operating condition
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Figure 3. Pre- and post-step steady low-pressure rotor speeds under different flight conditions
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