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AN EFFICIENT HIGH POWER WATER DUMMY LOAD AT 2.45 GHz
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A water dummy load developed as an element of equipment in the composition of a microwave atmospheric
pressure plasmatron operating at a frequency of (2450+50) MHz is described. The load is created on the base of a
rectangular waveguide with a cross-section of 90x45 mm. The simulation results carried out by CST Microwave
Studio shows that the return losses reach -42 dB at 2.45 GHz. In the frequency band from 2 to 2.9 GHz, the load
provides a voltage standing wave ratio (VSWR) of at least 1.2. The effect of changes in water temperature and
salinity on the device characteristics is studied. The load is manufactured and successfully used as part of

experimental waveguide paths.

INTRODUCTION

Waveguide matched loads are widely used in the
terminal paths of electronic equipment. A particularly
important task is to develop loads for high-power paths
(>1 kW) [1, 2]. In our case, such a load was required
when developing a microwave atmospheric pressure
plasmatron. A modified magnetron generator from a
household microwave oven was used to power the
plasmatron. The operating frequency of such a generator
is (2450+50) MHz, and in the original version it has air
cooling and a pulsed mode of operation. In the process
of modifying the microwave generator, it was necessary
to ensure its continuous operation with water cooling.
To test the corresponding modes, a matched load was
required that was capable of absorbing the generated
power for a long time (about 10 h) at a reflected power
level not exceeding 10%, which corresponds to a
voltage standing wave ratio (VSWR) of no more than
1.2. An analysis of literature data and advertising offers
showed that the most suitable in our case is a water
load, i.e. a load in which the absorption of microwave
power is carried out directly by cooling water.

The prototype for the design of the developed device
was the water load described in [3] and designed and
manufactured by The Ferrite Company, Inc. at
915 MHz. A similar construction is also described
in [4].

1. DESCRIPTION OF THE WANER
LOAD DESIGN

The appearance of the water load is shown in the
photograph Fig. 1. The device consists of a section of a
copper rectangular waveguide with a cross-section of
90x45 mm and a length of about 150 mm. At one end,
the section has a standard connecting flange, and at the
other it is closed with a short-circuiting plug. Near the
short-circuited end, the waveguide is connected to
cylindrical metal pipe (internal diameter 46 mm, length
150 mm) containing water. The water is isolated from
the internal volume of the waveguide by means of a
hollow cone made of Teflon. The Teflon cone in its
upper (wide) part is sealed with a rubber gasket with a
pipe. The lower (tapering) part of the cone is immersed

in the waveguide to approximately half the height of its
narrow wall.
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Fig. 1. General view of water load

A metal tube with a diameter of 6 mm and a length
of 120 mm is inserted through the plug in the upper part
of the pipe. Cooling water enters the large pipe through
it. Water goes out through another hole in the plug.

In addition to the described elements, a tuning
element in the form of an inductive pin is located inside
the waveguide section between the Teflon cone and the
short-circuiting wall. The pin can move along the axis
of the waveguide by means of a special mechanism

The absorption of radiation by water is determined
by the orientation of polarized molecules. The
counteracting effects are intermolecular interaction and
thermal motion of molecules. As a result, the absorption
of radiation by water changes with the change in the
radiation frequency and depends on the temperature of
the water. These factors had to be taken into account
first of all when designing the load.

92 ISSN 1562-6016. Problems of Atomic Science and Technology. 2024. Ne5(153)



2. CST MICROWAVE STUDIO MODEL

The computer model of the load, created by means
of the CST Microwave Studio program, is shown in
Fig. 2,a in the form of a section by a plane parallel to
the narrow wall of the waveguide, along its axis. This
angle allows for the most complete understanding of the
details of the structure under study. Only the part of the
model that is important for further discussion is shown.
The parts made of Teflon are highlighted in green; the
sealing ring made of rubber is marked in red.

Fig. 2. Water load model (a) and power loss density
distribution (b)

The Teflon hollow cone has a total length of 65 mm,
and a diameter at the top of 37 mm. The thickness of the
cone walls is 2mm. The geometry of the cone,
especially the ratio of the upper and lower diameters,
was optimized during a special simulation step. Then, a
real sample of the cone was made from a solid piece of
Teflon by turning. Finally, the computer model was
adjusted according to the dimensions of the real cone.
The design features of the real metal water pipe taken
into account.

In the lower right part of Fig.2,a, the above-
mentioned inductive tuning pin is visible. Its diameter is
10 mm, with its ends the pin rests on the wide walls of
the waveguide through Teflon gaskets 1 mm thick, due
to which it can easily and without sparking move along
the axis of the waveguide. At the same time, sufficient
capacitive coupling of the ends of the pin with the walls
of the waveguide is ensured.

Another element to pay attention to is the Teflon
washer that encircles the cone and fits tightly into the
bottom of the pipe. Like all Teflon parts, it is marked in
green in Fig. 2,a. The outer diameter of the washer is
18.5 mm (according to the inner diameter of the lower
section of the pipe), the inner diameter is 15 mm, the
height of the washer is 10 mm. During the simulation
process, the location of the washer along the vertical
axis is selected in such a way as to obtain the desired
characteristics of the device.

In the computer model, excitation of the device is
assigned through the port simulating the presence of the
dominant TE;, mode in the input waveguide cross-
section.

The model also assumes that the absorbing medium
is uniform and unmoved; in other words, water
circulation within the load is not considered.

3. RESULTS AND DISCUSSIONS

Fig. 2,b shows the calculated distribution of
microwave power loss density. It clearly shows that
power absorption occurs practically within the volume
of the cone. The spot in the upper part of the cone is
associated with the penetration of microwave radiation
along the dielectric walls of the cone, but the main part
of the power is absorbed in its lower part. This
circumstance allowed us to exclude the volume of the
upper part of the metal pipe with water from the
calculations, thereby reducing the calculation time.

Note that a similar result was obtained using the
Quick Wave program in [3].

S-Parameters [Magnitude in dB]
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Fig. 3. Return loss simulated by CST for different
water temperatures: 1 —25°C; 2 =50 °C

Fig. 3 shows return losses simulated by CST in the
frequency range from 1.8to 3.2 GHz (curve 1). This
dependence is calculated for clean fresh water at a
temperature of 25 °C.

The minimum on curve 1 reaches -42dB and
corresponds to a frequency of 2.45 GHz. Such results
were achieved by selecting the optimal depth of
immersion of the cone with water in the rectangular
waveguide, selecting the optimal geometry of the cone,
and finally, selecting the positions of the inductive pin
and dielectric washer.

Voltage Standing Wave Ratio (VSWIR)
1.6
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Fig. 4. Frequency dependences VSWR for: 1 — fresh

water at 25 °C; 2 — fresh water at 50 °C;
3 — sea water at 25 °C
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Due to the high power density released in the
volume of water, its temperature does not remain
constant. It is well known that the permittivity and
conductivity of water change with temperature [3-5].
Inevitably, the characteristics of the water load also
change. Curve 2 in Fig.3 corresponds to a water
temperature of 50 °C. It is evident that the frequency
dependence of the return losses changes, but this does
not lead to any fatal consequences. This is especially
clearly confirmed by the curves in Fig. 4, which show
the frequency dependences of the VSWR for various
conditions.

Curve 1 (black) corresponds to fresh water at 25 °C.
For it, at a frequency of 2.45 GHz, the VSWR is 1.016
and, accordingly, the return losses are -42 dB. Curve 2
(red) describes the frequency dependence of the VSWR
of fresh water at 50 °C. Its value at a frequency of
2.45 GHz is 1.033 (corresponding return losses are
minus 38 dB). Finally, curve 3 is a variant of sea water
at 25°C. We have a VSWR of 1.04 at the same
frequency and return losses of -33.3 dB. Of course, the
use of sea water to absorb microwave power in our
conditions is not realistic, but this calculation illustrates
the low criticality of the developed load to the quality of
the pumped water.

It also follows from curve 1 that the VSWR limit
level we have chosen, equal to 1.2, is ensured in the
frequency range from 2 to 2.9 GHz, which is about 40%
of the central frequency

CONCLUSIONS

The work carried out to develop a water dummy
load made it possible to create a relatively simple and
inexpensive device with performance characteristics no
worse than those of similar foreign commercial devices
[7, 8]. The use of the load during the development of the
operating modes of a magnetron generator at 2.45 GHz
with water cooling made it possible to confirm the

efficiency of its cooling system and outline the stages of
transition to a continuous operating mode of the
microwave generator. The developed load is planned to
be used as part of a complex of an atmospheric pressure
microwave plasmatron.
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E®EKTUBHE BOJISSHE HABAHTAKEHHSA HIJIBUIEHOI MOTYKHOCTI
HA YACTOTY 2451Tn

A.I. Hazopnuii, C.0. Epvomin, B.A. Bamypin, /[.A. Hazopnuii

OmnucaHo BOJSIHE  y3TO/DKEHE  HABAaHTAXKEHHS, pO3pOOJICHE SK  CIEeMEHT amapaTypd y  CKIai
HAJIBUCOKOYACTOTHOTO IUIa3MOTPOHA aTMOC(EpPHOro THUCKY, 10 mpaioe Ha dvactoTi (2450+50) M.
HaBaHTa)KeHHSI CTBOPEHO 3 BUKOPHUCTAHHSIM IMPSIMOKYTHOTO XBHIIEBOJY mepeTrHoM 90x45 Mm. MojentoBaHHS,
BHKOHaHe 3a poromoror mporpamu CST Microwave Studio, mokaszano, mo oOpaHa KOHCTPYKIIis 3a0e3reuye
3BOPOTHHU BiAOWTOK Ha piBHI -42 nb Ha yactoTi 2,45 I'Ti. Y cmysi yacror Big 2 mo 2,9 I'Ti HaBaHTaXKCHHS
3abe3neuye koedirieHT cTosyoi xBwii 3a Hampyroio (KCBH) we ripme 3a 1,2. JlocmimkeHO BIUIUB 3MiH
TEMIIEpaTypH Ta COJIOHOCTI BOAM HAa XapaKTEPUCTHKH TNPHCTPOI. HaBaHTaKEHHS BUTOTOBJICHE Ta YCIIIIHO
BHUKOPHCTOBYETHCS Y CKJIAl EKCIIEPUMEHTAIBHUX XBUJICBOIHUX TPAKTIB.
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