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Numerical Study of Medium Stealth Scale-down Models for Airfoil Shape
Sun Qin, Tian Wei

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China )

W OE. AWMEREMEULSAE . SHMNAREMAREGTHEABREITHER ERERARSE
HEEENEARMA, FREREFHNEINESHERSEEMERANARTERRNNXEANES
X AR THERAREEREEANMNA. F8RBHEASSHP RN AT R, HITH LA Rk
REBHARTRETREEHEIEANTESKRMANRSE ., RAERN AN S8 Biss
PR TC BB THEE 7 B, XA BT A ML ) T 59 48 LU RS B R R RO AL AR AT T BUE THE R T R BUE A TR AT L
KT 0.5, 45 AR R Y B X BB (RCO R L A REHE R IAEEERERR, BB EAGBIENEH
TS B B0 L B BT AR, O TR RIS EME R S R AR MR EALAMESEX.

KEW . BEHG:; ARTHE; MEAVIERNE; 45HEE; RCSEIE: KRB

HESES: V218 SCERFRIAAG . A

Abstract: Structured radar absorbing materials play an important role in the stealth technology of military air-
vehicles for their omnidirectional effectiveness without the need to change the original aerodynamical shape con-
figuration. But experimental study of stealth efficiency and parametric effects for full scale structures requires
considerable financial support and testing space, which limits the application of experimental tests. Therefore,
it is of significant value to find the electromagnetic dispersion laws of the scale-down medium and the modifica-
tion method between scale-down and full scale vehicle configurations. This paper makes a numerical study of
the electromagnetic dispersion law of a scale-down model for an airfoil-like complicated medium configuration
by means of the 2-D electromagnetic finite element method. The numerical computation leads to the following
conclusion: the radar cross section(RCS) test result of electromagnetic dispersion of a scale-down model cannot
be directly converted into that of the real-world medium prototype under conductor modification principle if the
medium impedance ratio is greater than 0.5, and necessary modification must be done. This conclusion is of
practical significance for the stealth test of minifying large-scale medium configuration for military air-vehicles.
Key words: electromagnetic dispersion; finite element numerical method; airfoil-like medium configuration;
scale-down model; RCS modification; large-scale structure
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Fig. 1 Artificial cut-off boundary of 2D dispersion
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Fig. 2 FEM meshes of airfoil-like model
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Fig. 3 Diagram of forword RCS numerical conver-

gence versus mesh sizes
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Table 1 RCS numerical results of different scaling-down
conductor airfoil models

R/ 5% (GH2) RCS/m Error/ %
1:1/5 0. 052 670
1:2/10 0. 025 570 —2.904 900
1:3/15 0. 017 560 0.018 986
1:4/20 0.012 981 —1.416 400
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Fig. 4 Electromagnetic wave in multiple layered medium
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Table 2 RCS numerical results of different scaling-down
medium airfoil models

BLHL/Q 1. 000 01 0.447 21

L S RCS/m Error/% RCS/m Error/ %
(GH2)
1:1/5 0. 041 755 0. 047 665
1:2/10 0.018 918 —9.3857 0.022691 —4.7897
1:3/15 0.014 585 4.789 8 0.016 206 1.999 4
1:4/20 0.011 258 7.848 2 0.012 201 2.389 6
BB/ Q 0.316 23 0.223 61

1 /15 2R

B /% RCS/m Error/ % RCS/m Error/ %
(GH2)
1:1/5 0.049 173 0.050 214
1:2/10 0.023 577 —4.1059 0.024 168 —3.74
1:3/15 0.016 618 1.384 9 0.016 9 0.967 86
1:4/20 0.012 44 1.193 7 0.012 603 0. 394 31
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