ACES JOURNAL, Vol. 38, No. 12, December 2023

Inductive Reactance Isolated Dynamic Seawater Monopole Antenna of High
Efficiency

Lihua Li, Shimin Feng, and Menglei Xiu

Department of Communication Engineering
Naval University of Engineering, Wuhan 430033, China
1356521485 @qq.com, fengshimin_86@ 126.com, menglei@ 163.com

Abstract — The dynamic-type seawater monopole
antenna has the problem of direct connection between
its radiation body and the seawater. This makes the radi-
ation current flow into the seawater, which leads to low
radiation efficiency. In this paper, a dynamic-type sea-
water monopole antenna of high efficiency is proposed
using an inductive reactance isolated method. Based on
this method, a dynamic seawater antenna of seawater
inductance isolation structure is designed. According to
its equivalent circuit diagram, the principle and design
basis of isolation are analyzed. The FEKO software is
then used to simulate the antenna’s radiation efficiency.
In addition, the impacts of the radius of the seawater
inductance, the number of turns of the seawater coil,
the diameter of the seawater coil, and the average turn
spacing on the efficiency of the antenna are studied.
Moreover, the experimental verification shows that the
radiation efficiency of the designed dynamic seawater
antenna with inductive reactance isolation structure can
be greater than 70%. The value of the received carrier
power in the case of inductance isolation is higher by 10
dB compared with the case without isolation.

Index Terms — Monopole antenna, radiation efficiency,
seawater antenna.

L. INTRODUCTION

The water antenna has been widely studied because
it is reconfigurable and it has high radiation efficiency
and wide bandwidth. For different purposes, several
researchers have proposed many different forms of
water antenna structures, such as semi-seawater anten-
nas [1]], array seawater antennas [2[], and hemispherical
sea antennas|3]]. This paper studies the simple monopole
water antenna in structure form. From the supply side of
the flow, the water antennas are divided into static and
dynamic monopole antennas. Compared with the static
water monopole antenna [4-8]], carried by the insulat-
ing body and not flowing, the dynamic monopole water
antenna [9, [10] can control the height and turn off or
turn on the water stream in real time by controlling
the water pump. Thus, the operating frequency band is
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wider, the use is more flexible, and it is more suitable
for maritime wireless communication such as the one
used on ships and unmanned ships. However, the sea-
water radiation part of the dynamic seawater antenna is
directly connected to the sea, which decreases its feed-
ing and radiation efficiency [11]. The mode of feeding
method of plate capacitive coupling, of which radiation
efficiency is 35% at 110 MHz, is presented in [1l]. The
feeding method of a gamma-shape feeding arm, which
can achieve radiation efficiency of 56.2 % at 56.5 MHz,
was also proposed [12]. Although these feed methods
solve the feeding problem and improve the efficiency to
a certain extent, the seawater antenna is connected to the
water. Therefore, its current will be diverted to it. Thus,
this study focuses on the reduction of this partial cur-
rent. This paper proposes an inductive reactance isolated
method to improve the radiation energy of dynamic sea-
water antennas. Based on this method, a dynamic sea-
water antenna isolated by a novel seawater inductance
is designed. The simulation and experiment demonstrate
that the effect of the separating current of the two iso-
lated methods is significant, and the antenna’s radiation
efficiency is improved.

II. STRUCTURE OF THE INDUCTIVE
REACTANCE ISOLATED DYNAMIC
SEAWATER MONOPOLE ANTENNA

Figure [I] shows a schematic diagram of a dynamic

monopole seawater antenna isolated by a seawater induc-
tance coil, which consists of seawater inductance, con-
ductive jet (conducting strap), ground plane, and water
stream supplied by a pump. When the antenna is in
operation, the seawater is first pumped into the seawa-
ter inductance, which consists of a certain length of the
spiral insulated tube from which the seawater is ejected
to form a monopole seawater antenna. A metal tube is
used as the seawater jet at the upper part of the seawater
inductance. The method of feed is used for direct feed-
ing. The signal end of the feeder is directly fed to the jet,
and the signal is coupled to the seawater antenna through
the jet to radiate out. The grounding end is connected to
the ground plate, which is in contact with the seawater.
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Fig. 1. Schematic of a dynamic seawater monopole
antenna isolated by a seawater inductance coil.

In this study, the seawater inductance has a high
impedance, acting as a barrier to high-frequency current.

III. THE PRINCIPLE OF INDUCTIVE
ISOLATION

The inductive isolation shown in Fig. [T] consists of
an inductance element formed by the flow of spiral sea-
water connected to the root of the seawater monopole
antenna. When the antenna works at high frequency, it
presents a high impedance characteristic, which isolates
the upper seawater antenna radiator from the lower sea-
water surface. The seawater inductance has sufficient
impedance characteristics at high frequency, equivalent
to the insulator’s function at the bottom of the common
metal pole monopole antenna.

A. Impedance characteristics of the seawater induc-
tance

The spiral seawater inductor is an inductance
element that presents a distributed capacitance (Cy)
between the turns of the spiral seawater inductor and
the DC resistance (R;). The equivalent circuit diagram
formed by these three elements is shown in Fig. 2]
The contribution of C,; to the overall impedance (Z) of
the seawater inductance is significant [13]], as shown in
Equation (1). Cy is related to the radius of the seawater
inductance, the average turn spacing, and the diameter
of the seawater coil, as shown in Equation (2). Equation
(3) presents the inductive resistance (Xryq1), that is, the
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Fig. 2. Equivalent circuit diagram for the inductance iso-
lation of seawater.

isolation impedance. The greater the value of Xr,4;, the
more significant the isolation effect.
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where o is the electrical conductivity of seawater, U is
the permeability of seawater, @ is the angular frequency,
1o is the radius of the seawater inductance, N is the num-
ber of turns of the seawater coil, D is the diameter of the
seawater coil, d is the average turn spacing, which can
be calculated as d=I /N, L is the length of the water coil,
and L is the seawater inductance, which is expressed as
L= %N%qn, @)
where ® is given by a =N2d /2rg in [[14].

B. Radiation characteristics
The seawater spiral coil or ferrite ring that satisfies
the inequation Xtory) > R1 is considered to isolate the

following radiation current:

U U
L= —-hL=—— . ®))
R 1 XTotal
The greater the value of X%’“’, the lower the value of
I, and the greater the value of /3.

IV. SIMULATIONS
Based on the above theoretical analysis, an induc-
tance isolation structure of the dynamic seawater antenna
was designed. The structure design has a significant
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Fig. 3. Relationship between efficiency and frequency at
different d values.

impact on the radiation characteristics of the antenna.
The relationship between radiation efficiency and fre-
quency is determined through the simulation while
taking into consideration the parameters ry, N, D,
and d.

It can be seen from Figs. 3-6 that the radiation effi-
ciency of the dynamic monopole seawater antenna with
seawater inductance is generally improved for differ-
ent parameters, especially at a higher frequency band.
However, the radiation efficiency decreases in some fre-
quency bands depending on the selection of parameters.
At a certain frequency, the radiation efficiency varies
with the change of the inductance parameters of seawa-
ter, as shown in Fig. 5] When the average turn spacing is
0.2, the radiation efficiency of the entire band is higher
than that without the isolation inductance. The radiation
efficiency is 80% at 350 MHz, while at this frequency,
if the average turn spacing is 0.25 or 0.3, the radiation
efficiency is lower than that without the isolation induc-
tance. However, in other frequencies, such as the fre-
quency interval of less than 300 MHz, when the average
turn spacing is 0.3, the radiation efficiency with the iso-
lation inductance is significantly better than that without
using it. It can also be seen that when the average turn
spacing is 0.5, the obtained radiation efficiency is 39%
at 110 MHz, which is higher than that of 35% obtained
in [9]]. Similarly, in Figs. 4-6, according to the differ-
ence of Dr, r, and n parameters, the appropriate operat-
ing frequency is selected, and the radiation efficiency can
always be better than that without the isolation induc-
tance. It can be seen from Fig. [f]that the higher radiation
efficiency is at 215-245 MHz, which parameter of isola-
tion inductance is consistent with the experiment. There-
fore, the parameters of the seawater antenna can be rea-
sonably optimized according to the operating frequency
during the actual use.
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Fig. 4. Relationship between efficiency and frequency at
different N values.
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Fig. 5. Relationship between efficiency and frequency at
different D values.
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V. EXPERIMENT

To verify the isolation effect of the inductive reac-
tance part, the transceiver system shown in Fig. [7] is
constructed. The transmitter is made of the seawater
monopole antenna and an ICOM radio. The receiver is
made of a ferrite antenna and a G39 software receiver
model, which is used to measure the received aver-
age mean carrier power. Before transmitting, the volt-
age standing wave ratio (VSWR) is measured by network
analyzer connected with the seawater antenna in order to
choose the optimal working frequency.

The dynamic seawater monopole antenna with sea-
water inductance isolation and direct feeding shown in
Fig. [8] was placed in a 3x5 m seawater test pool. At
the bottom of the antenna, there is a metal foil plate
connected with seawater. ry, N, D, 3, and the seawater
inductance are equal to 1 cm, 7, 7 cm, 0.2 m, and 220
H, respectively. The seawater stream draws out from the
seawater pool by a bump to form a seawater antenna hav-
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Fig. 8. The seawater antenna with isolation part.
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ing a height of 1.3 m and a diameter of 4 cm. The sea-
water antenna is used as a transmitting antenna. Within
the frequency range of 215-245 MHz, the VSWR can
be determined using a network analyzer, as shown in
Fig. 0] The green line in Fig. [f] represents the simula-
tion results of the radiation efficiency of the antenna with
the experiment parameters. Because the VSWR is less
than 2.52 within the frequency range of 215-245 MHz,
the loss of reflection power in this interval is 18.65%
according to the relationship between the reflection coef-
ficient and VSWR. Radiation efficiency is the ratio of
antenna radiation power to input power, which is diffi-
cult to measure directly. While the radiation efficiency
is related to matching characteristics and the loss of the
antenna, and the seawater antenna has a higher conduc-
tivity, the radiation efficiency of the seawater antenna
can be greater than 70%, assuming the resulting loss
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Fig. 9. VSWR of the seawater antenna with inductance
isolation.
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is almost 10%. This is consistent with the simulation.
Figure [11] shows the measured and simulated radiation
pattern. In the experiment, it is measured once per 20
degrees in the largest radiation direction (theta = 55).
Table [1] shows the mean value of the received carrier
power (P) with and without seawater inductance isola-
tion. It can be seen that the value of P in the case of
inductance isolation is higher by 10 dB than that without
isolation. Therefore, the method of inductive resistance
can be used to increase the radiation efficiency.
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Fig. 11. Directivity of the seawater antenna with induc-
tance isolation.

Table 1: Mean values of P (dBm) with a receiving noise
of —120 dBm

Operating Frequency | 215 225 235 | 245
MHz | MHz | MHz (MHz
with seawater —68 —65 —64 | —62
inductance isolation
without seawater =79 | =74 | =73 | =74
inductance isolation
VI. CONCLUSION

In this paper, an improved dynamic seawater
antenna is proposed. The radiation efficiency of the pro-
posed antenna is improved using the inductance isola-
tion method. This method solves the problem of direct
connection between the radiation body of the dynamic
seawater antenna and the seawater, which makes the
radiation current flow into the seawater, leading to the
low radiation efficiency. The simulation and experiment
show that the proposed method can improve the radiation
efficiency of the dynamic seawater antenna, and it can
be greater than 70%. Optimization design is an impor-
tant part of seawater antenna induction design. In future

LI, FENG, XIU: INDUCTIVE REACTANCE ISOLATED DYNAMIC SEAWATER MONOPOLE ANTENNA OF HIGH EFFICIENCY

research, the optimization algorithm of seawater param-
eters can be further studied, which could lead to better
efficiency of radiation. The seawater inductance is per-
fectly combined with the single polar seawater antenna
in structure.

In future work, we aim at conducting a sea test. The
sea environment can verify the greater low-frequency
segment radiation characteristics, and the impact of the
sea waves on the radiation efficiency can be further ana-
lyzed, which is a factor that should be considered in
practice.
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