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Numerical Analysis of Infrared Suppression Effect of
Afterburner Heat Shield and Cone Cooling on Two-
Dimensional Convergent-Divergent Exhaust System
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Abstract: Aiming at the turbofan engine with a two—dimensional convergent—divergent (2D C-D) nozzle
exhaust system, the effects of the afterburner heat shield and cone film cooling on the temperature of components
were investigated numerically, and the infrared suppression of the cooling measures on the exhaust system and
the consequent changes in thrust coefficient was revealed. The results show that the surface temperature of the
heat shield can be effectively reduced by film cooling of the afterburner heat shield , and the maximum peak reduc-
tion is 10.3%, and the structure of the afterburner heat shield and the different inclination of the film holes affect
the core and bypass flow distribution.Film cooling of the afterburner heat shield mainly suppresses infrared radia-
tion (IR) from 30°~75°, and the radiation intensity can be reduced by 8%~25%, but at the same time, the
thrust coefficient is reduced by up to 5.3x107. After film cooling is taken for the afterburner heat shield and the

cone, the surface temperature of the cone is obviously reduced, and the infrared suppression from 0°~10° is sig-
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nificant, its radiation intensity decreases by up to 31.3%, the consequent loss of thrust coefficient does not exceed

3.0x107°.

Key words: Turbofan engine; Two—dimensional exhaust system; Film cooling; Afterburner heat shield

cooling; Cone cooling; Infrared suppression
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Fig. 1 Orifice locations for experimental model
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(b) Internal static pressure ratio distributions

Fig. 2 Experimental and computational results of surface pressures
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Fig. 5 Experimental and computational results of discharge
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Fig. 7 Schematic of the film holes distribution on

afterbruner heat shield
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(b) 2D C-D exhaust system with longitudinal
ripple heat shield

Fig. 9 Grid meshes on 2D C-D exhaust system surface
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Fig. 10 Temperature distribution of internal surface under

the afterburner film cooling conditions
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Table 1 Flow characteristics of film cooling holes

. ° m ho! e/ mmax/

Type of heat shield 6/(%) (kgl~ ;,, ) Ci mx (kg-s)

90 0.313 0.433  8.24x10°°

Plane

30 0.514 0.725  1.33x107°

90 0.203 0.498  9.97x10°°
Longitudinal ripple

30 0.310 0.743  1.41x107°

Table 2 Core and bypass mass flux under the afterburner

film cooling conditions

Type of heat shield 0/(°) ( k;":. _ k:f;/,, ) B
- 5.68 1.63 0.286
Plane 90 5.51 1.89 0.344
30 5.42 2.05 0.378
- 5.71 1.54 0.270
Longitudinal ripple 90 5.61 1.70 0.303
30 5.41 2.04 0.376
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—e— Plane heat shield

—e&— Plane heat shield with film holes (6=90°)

—&— Plane heat shield with film holes (6=30°)

—a&— [ ongitudinal ripple heat shield

—=&— Longitudinal ripple heat shield with film holes (6=90°)
—=®— Longitudinal ripple heat shield with film holes (6=30°)
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Fig. 12 IR intensity under the cooling of the afterburner heat shield conditions
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—e— Plane heat shield with film holes (6=90°)
—a— Plane heat shield with film holes (6=30°)
—=— Longitudinal ripple heat shield with film holes (6=90°)
—=— Longitudinal ripple heat shield with film holes (6=30°)
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—®— Longitudinal ripple heat shield with film holes (6=90°)
—=— Longitudinal ripple heat shield with film holes (6=30°)
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(b) YOZ plane
Fig. 13 IR intensity reduction under the cooling of the

afterburner heat shield conditions

Table 3 Thrust coefficient under the afterburner film

cooling conditions

Type of heat shield 0/(%) F/N FIN c,
- 5820 5594 0.9611
Plane 90 5830 5599 0.9604
30 5846 5606 0.9590
- 5795 5583 0.9635
Longitudinal ripple 90 5805 5586 0.9624
30 5833 5589 0.9582
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Fig. 14 Comparison of temperature distribution of cone

Table 4 Film cooling characteristics of cone cooling

d/mm (i /1, ) 1% T../K
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3 2.20 768
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