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A Radiation-Scattering Control Method for a Wideband Low-RCS Spiral
Antenna Using an Aqueous Medium
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(1. School of Electronic Information, Northwest University, Xi'an, Shaanxi 710127, China;
2. State Key Laboratory of Mobile Communications, Southeast University, Nanjing, Jiangsu 210096, China)

Abstract: Based on the idea of synergistic control of radiation and scattering characteristics, this paper presents a de-
sign method for a water-based spiral antenna with low radar cross section (RCS) and adjustable radiation beam as well as
scattering level, aiming to achieve both low observability (LO) and low probability of intercept (LPI) for stealth applica-
tions. In this paper, water is no longer used merely as a filling or lossy medium, it is treated as a structural component that
integrates radiation regulation, scattering suppression, and reconfiguration, enabling co-optimization of radiation and scatter-
ing performance. The antenna is built with an Archimedean two-arm spiral radiator encapsulated in transparent resin and
filled with pure water. The high permittivity of water supports broadband circularly polarized radiation, while its high-loss
characteristic helps reduce electromagnetic scattering. Meanwhile, the fluidity of water provides a practical means for dy-
namically controlling the radiation beam and scattering level. A metal reflector is placed at the bottom to achieve unidirec-

tional radiation, and a dual-coaxial balanced feeding scheme is adopted, omitting the conventional balun to reduce the pro-
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file. Two feeding modes are implemented: Mode 1 uses dual-port equal-amplitude out-of-phase feeding, while Modes 2 and
3 use single-port feeding with water injected into one selected arm, allowing the main beam to steer between the axial (0°)
and off-axis (£16°) directions. The measured maximum gain reaches 6.93 dBi, and the axial-ratio bandwidth exceeds 35%
in all three modes, demonstrating good circular polarization and beam-reconfiguration capability. This allows the antenna to
adjust its beam direction dynamically according to communication requirements, reducing the risk of signal interception and
thus achieving LPI. In terms of scattering, simulation and measurement results show that the antenna achieves significant
RCS reduction over the 1-40 GHz ultra-wideband compared with conventional antennas, with a maximum reduction of
30.79 dB, while maintaining stable scattering suppression over a wide range of incident angles, significantly enhancing LO
performance. Bistatic RCS results further confirm its low-scattering characteristics over large angles. In addition, by adjust-
ing the water-layer thickness, dynamic auxiliary control of the RCS level and operating frequency can be realized, with the
relative bandwidth varying between 49.6% and 61.1%, providing extra flexibility in complex electromagnetic environments.
The effect of water loss on radiation efficiency and the stability of performance under temperature variation are also ana-
lyzed. Results indicate that the antenna maintains relatively high radiation efficiency across different operating modes, wa-
ter-layer thicknesses, and water temperatures (25-75 C), confirming its engineering practicality. The measured results agree
well with simulations, demonstrating that the proposed antenna successfully integrates wideband stealth performance and
flexible radiation-beam control within a compact structure. This method offers a feasible technical pathway for addressing

the LPI and LO challenges simultaneously, and may provide some reference for the future design of intelligent reconfigu-

rable stealth antennas.
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Figure 1 Overall structure of a water-based helical antenna

2 IEETERMES R

3% FHJ ANSYS Electronics Desktop BRAL S} i T Y
K LR E K L AT 4 Ik PR W 0 L O R e DA L O
PERE. AT K& DIRE, E LT =Fp TAERI
BT Ry R 171 45 W S 1) 45 H, |, Xk 7 A% 98 WU - £ T
PEAR S s B0 2 558 23 0 A HT K A B2 1) i 3 1 3
aob [1] 38 5 R 1T /K O 45 5 PR 1 S B IR SR
AT WG RR 1 S5 8RR A T X BR 23 A ) B R
ELEAL o XA BE T4 ot A B R DT AL, AR S
SIS AT 9 ) O B R ER A

B2 JoR 1 = FhBd 2 /Y R 2 36 T HL U 43 AT -
FEREEC LR, O F UL R R AR A AR AE S, 52 R 58 6 1)
AR BRI A, e[GO 9 R Al 1) (+2 77 1)) B9 2 58
SPECAR, s 2 (a) i o FERE 2 583 T (A
PR , U531 (R 28 (R X FRPEREREIR | S B 5 1
PR Iy, R BEZ R AR W 2(b) (e) .



4 0T

M T S B p r, A  2 S5 3 ) e A T ) TR G
TR e fih (2 b ) X , JHC e SR e 0 W8 EE A 45 L 1)
FHEC, 5 A5 A5 FOE U — 2.

Tsurf [A/m]

(c) B3
(c) Mode 3

(a) #ix01 (b) X2
(a) Mode 1 (b) Mode 2
(12 7R BB 4R 3 I F i 3 A

Figure 2 Surface current distribution of a water-based helical antenna
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Figure 4 Reflection coefficient of a water-based helical antenna
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Figure 5 Surface current distribution of a water-based helical antenna
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Figure 12 Curves of bistatic RCS varying with angle at different frequencies
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different water layer thicknesses
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Figure 15 Radiation efficiency under different working modes
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Figure 17 Radiation efficiency with different water layer temperatures
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antenna under different modes
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Figure 22 Measured axial ratio of a water-based helical antenna under different modes
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Figure 24 Curve of measured monostatic RCS of a water-based helical

antenna varying with frequency
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Figure 25  Curves of measured monostatic RCS of the antenna varying with angle at different frequencies
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