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Infrared Radiation Signature Studies of the Dual-mode Exhaust System

in Turboshaft-Turbofan Variable Cycle Engines

DONG Haoxiang, SHAN Yong, SUN Wenjing, ZHANG Jingzhou
(College of Energy and Power Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing 210016, China)

Abstract: The turboshaft-turbofan variable cycle engine represents an innovative concept in power device
design. Its exhaust system must be structurally optimized for mode conversion while simultaneously
incorporating infrared stealth capabilities. This paper proposes a two-dimensional exhaust system with
variable modes, describes the structural characteristics under both the turboshaft and turbofan modes, and
performs numerical investigations into the infrared radiation signature of the dual-modal exhaust system using
techniques such as ejection, exhaust cone film-cooling, lobe mixer occlusion, and enhanced mixing. This
paper also comparatively analyzes the influence of various parameters, including the width-to-height ratio of
the two-dimensional nozzle outlet and the expansion angle of the lobe mixer in turbofan mode, the opening
angle of the bypass valve in turboshaft mode, on the infrared radiation signature of the exhaust system. The
comprehensive suppression measures implemented in the turbofan mode can enhance the backward infrared
suppression performance by over 60% . The width-to-height ratio of the nozzle outlet has been increased from
2 to 4, which further improves the backward infrared suppression effect by 8% . However, at larger detection
angles, there is a slight increase in infrared radiation. Increasing the internal expansion angle of the lobe

enhances infrared suppression performance, whereas increasing the external expansion angle negatively
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impacts stealth capabilities. The influence of the bypass valve opening angle on infrared radiation signature in

the turboshaft mode is complex. When both the ejection coefficient and the infrared suppression effect are

maximized, it exists an optimal opening angle of 30°. Numerical simulation results confirm that the dual-

modal exhaust system proposed in this paper not only fulfills the functional requirements but also

demonstrates infrared suppression capability.

Key words: variable cycle engine; dual-mode exhaust system; mode conversion; film-cooling; infrared

radiation signature
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variable cycle engines
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Fig.3 Schematic diagram of the exhaust cone film-cooling

structure
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with the expansion angle of lobe mixer changed
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Fig.5 Schematic diagram of the exhaust system calculation

domain

K ICEM 84 47 A% 4l 4, R IR &
SRS R A TRV AR XRS5 A%
Rl 43 2R Al 25 4 1k 99 A% R 45 48 £k 0 % TR A
Ko HERGEATF Ao R ITIEG AL A% H AR
FHES# Ak A LA /D A% B a , an il 6 TR o BT
HOHE EARREAL 2 RS /N  BOR SRR AL B 3 09 1)
W& HEAT R RN o AT RS TC O MR BRI, T EE A%
BOH Ay 44077 63077 .800 11 .1 030 JT F11 360 71 F
)RR 2 R o, AR 7 B e 0 58 1T S
SR T A R 800 U7

HHRRR

N
SSSSSS
=
4

Fig.6  Grid diagram of the exhaust system calculation model
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infrared radiation intensity spatial distribution in the
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Fig.17 Effect of the bypass valve opening angle on infrared
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Fig.19 Effect of the bypass valve opening angle on infra-
red radiation intensity spatial distribution in the

3—5 pm band of the exhaust tail flame
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Fig.20 Effect of the bypass valve opening angle on infrared

radiation intensity spatial distribution in the 8—

14 pm band of the exhaust system
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