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Numerical simulation of effect of flow field on discharge characteristics in

pressure relief door of nacelle

MA Shuai', LIU Fan', JI Jiayuanz, DENG Yangz, ZHANG Lu'

(1. Computational Aerodynamics Institute,
China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China;
2. Commercial Aircraft Engine Company Limited,

Aero Engine Corporation of China, Shanghai 200241, China)

Abstract: On the basis of verifying the correctness of CFD method by using the experimental datum
in NACA TN4007 report, the influence laws of different incoming Mach number, total pressure ratio and
flap angle on the discharge pressure relief characteristics were studied through calculation, and the causes
of these laws were analyzed through flow field. Results showed that when the total pressure ratio was
greater than a certain value, the discharge flow ratio (DFR) decreased with the increase of incoming Mach
number under the same total pressure ratio, due to the formation of choke-out in the discharge channel
after the total pressure ratio promoted the discharge speed to transonic speed. The DFR increased to a
certain value with the increase of the flap angle, and then began to fall back and then rose slowly, because
when choke-out happened, the flap angel became larger, the average Mach number at the minimum
geometric area of the discharge channel first lied in the subsonic section, then transited from the transonic

section to the supersonic section, and then moved back to the transonic section and even the subsonic
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section. At the same time, the separated vortex reflux on the upper surface of the flap also reduced the

DFR if it occurred at the minimum geometric area.

Keywords: nacelle; flap; pressure relief door; discharge characteristic; total pressure ratio;

discharge flow ratio; choke-out
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Table 1 Calculation results error of different mesh numbers

ZH It T Do s BRI SUE 1037 J7 M S5 BRI HIR /%
560 1037 2026
Cy 0.441 0.434 0.430 0.422 29
C -0.202 -0.199 -0.198 4 -0.197 4 -0.8
0.204 0.201 0.198 0.195 2.9
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Fig. 13 Mach number cloud on the symmetry plane of the flow
field with different flap angles (Ma,=0.4, R,=0.9)
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Fig. 14 Mach number cloud on the symmetry plane of the flow
field with different flap angles (Ma,=0.4, R,=0.97)
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Fig. 15 Enlarged view of Mach number cloud on the symmetry

plane of the flow field with flap angle of 45° (Ma,=0.4, R,=0.97)
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Fig. 16 Mach number cloud on the symmetry plane of the flow
field with different flap angles (Ma,=0.4, R,=1.2)
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Fig. 17 Enlarged view of Mach number cloud on the symmetry
plane of the flow field with flap angle of 45° (Ma,=0.4, R,=1.2)
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Fig. 18 Enlarged view of Mach number cloud on the symmetry

plane of the flow field with flap angle of 15° (Ma,=0.4, R,=1.6)
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Fig. 19 Enlarged view of Mach number cloud on the symmetry

plane of the flow field with flap angle of 25° (Ma,=0.4, R,=1.6)

i

Ma

JUAl /N B T AR 09

7 ﬁo.s
\ 0.7

0.6

0.5

" 04

0.3

0.2

0.1

0

P20 PUMRIRIFF I £ A 40°MHALIZ X FR TR OR Eh bAoA
=El(Ma,=0.4, R,=1.6)

Fig. 20 Enlarged view of Mach number cloud on the symmetry

plane of the flow field with flap angle of 40° (Ma,=0.4, R,=1.6)
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Fig. 21 Enlarged view of Mach number cloud on the symmetry

plane of the flow field with flap angel of 45° (Ma,=0.4, R,=1.6)
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