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COMPARATIVE CHARACTERISTICS OF REFLECTION AND TRASMISSION
IN MODELS OF WATER FOAM STRUCTURES

A water foam model is presented as same layers with different dielectric and structural
characteristics. The proposed model consists of 7 layers; each of them has a low and high level of
dielectric permittivity values £ and dielectric loss tangent tgdé. Every layer has its own values of
dielectric parameters. The thicknesses of layers of two sizes were taken for calculations: 10 and 15 mm
for comparison. The data of experimental investigations of dielectric properties € and tgé of water
foam specimens were used for calculations in the wide microwave band of 8 — 12 GHz. The reflection
and transmission characteristics of electromagnetic waves from foam structures with foaming ratio of
layers in the range from 6 to 350 were calculated. The results show the possibility of using water foam
structures under conditions of electromagnetic influences for working personnel protection from
dangerous electromagnetic waves.

Keywords: microwaves, reflection, transmission, foam, dielectric properties, dispersed media, layered
structure, absorption, absorber.

Mopess BOAHOI MNiHM NpeAcCTaBIeHA Yy BHIVISIAI WIApiB 3 Ppi3HUMH [JieTeKTPMYHUMH Ta
CTPYKTYPHHMH XapaKTepUCTHKAMH. 3aNPONOHOBAHA MOJe/b CKJIATAETbCS 3 7 mAapiB, KOKeH 3 AKUX
Ma€ HHM3bKMH i BHCOKMIl piBeHb 3HaueHb JieJIeKTPHYHOI NPOHUKHOCTI € i TaHreHca KyTa
nieJleKTpUYHUX BTpaT tgd. KokeH map Mae cBoi KOHKpeTHi 3HaYeHHS JieJJeKTPUYHUX XaPAKTEPHCTHK.
ToBmuHM WapiB AJsi o04uciaeHb O0ya0 B3siTo ABOX po3MmipiB: 10 i 15 mm aasa nopiBHauus. Jdani
eKCIIEPHMEHTAJILHUX J0CTilKeHb JieJeKTPHYHMX BJACTHBOCTell € i tgd 3paskiB BoaHoi miHu
BHKOPDHCTOBYBAJIMCSl /I PoO3paxyHkiB y mmpokomy aiamasoni HBY Bin 8 mo 12 ITu.
XapakTepuMCTHKH BiOMTTA Ta NPONYCKAHHS eJeKTPOMATHITHHX XBW/Ib Bil NIHHUX CTPYKTYp
po3paxoByBajucsi Jsi pi3HOI KpaTHocTi mimm B mwapax Bix 6 mo 350. PesyabTaTH noka3sywTh
MOKJIMBICTh BUKOPHCTAHHS BOJAHMX HiHHCTHUX CTPYKTYP B YMOBAaX €JeKTPOMATHITHOrO BILIMBY [UIfi
3aXHCTy po0040ro NepcoHaIy Big HeOe3MeYHHX eJJeKTPOMATHITHHX XBIIb.

Kirouosi ciopa: HBY BunpomiHioBaHHS, BiTOUTTS, IPOXO/DKEHHS, ITiHA, Ji€JIEKTPUYHI BIACTHUBOCTI,
JICIIEPCHE CEPeIOBHILE, IIapyBaTa CTPYKTYpa, MOTJIMHAHHS, abcopoep.

Moneas BOAHOW INeHBI MPeICTaBJeHA B BHJE CJI0eB C PA3IUYHBIMH JMIIEeKTPHYECKUMH H
CTPYKTYPHBIMH XapakTepucTHkamu. [IpennokeHHasi MojeJb COCTOMT W3 7 CJI0€B, KAXKAbIH W3
KOTOPBIX HMMEET HHM3KHH M BBICOKHH YPOBEHb 3HAYEHHH IMIJIEKTPUYECKOH NPOHHIAEMOCTH &£ M
TaHTeHca yIVIa JMYJIeKTpHYecKHX mnotepb tgd. Kamablii cioii MMeeT CBOM KOHKpeTHble 3HaYeHHs
AUAIEKTPUYEeCKUX XapakTepucTUK. TOJIMHBI c/10eB 115 pacuyeToB ObLIN B3ATHI ABYX pa3meposn: 10 u
15 MM 15 cpaBHeHus. [JJlaHHbBIEe SKCIIEPHMEHTAIBHBIX HCCIEI0BAHMI THUJIEKTPHYECKHX CBOICTB € M
tgd 00pa3uo0B BOJAHOI MeHbI UCIOJb30BAJIACH /ISl PACYETOB B IIMPOKOM AUAaNa3oHe 4acToT oT 8 go 12
I'Tu. XapakTepucTHKH OTPAa’KeHHS M MPOMYCKAHHUSA 3J1eKTPOMATHHTHBIX BOJIH OT NEHHBIX CTPYKTYpP
PacCYUTHIBAIMCH /ISl PA3IHYHONH KPATHOCTH MEHBI B ¢JI0SX OT 6 10 350. Pe3yabTaThl MOKa3bIBAlOT
BO3MOKHOCTh HCMOJb30BAHUS BOJHBIX NEHHCTBIX CTPYKTYpP B YCJIOBHSIX 3JeKTPOMATHHUTHBIX
BO3/1eiicTBMIi 1151 3aLIUTHI padoyero NepcoHaIa OT ONACHBIX 3JeKTPOMATHUTHBIX BOJIH.

KuaroueBsbie ciioBa: CBY usnydenue, oTpakeHHe, MPOXOXKICHHUE, MEHA, AUIIEKTPUIECKHE CBOMCTBA,
JIUCTIEpCHAs cpefia, CIONCTast CTPYKTYpa, MorjomeHne, abcopoep..
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1. Introduction

The propagation of electromagnetic waves in aqueous foam structures is a relevant
task of radiophysics. However, due to the complexity of the foam structures, because of —
their dynamic character, the problem is still at the stage of theoretical and experimental
consideration. This paper is devoted to the study and direct numerical simulation of the
boundary problem for investigations of stationary and dynamic foam structures. We
consider a model of the foam in the form of laminated dielectric.

Often the problems in stationary and dynamic foam structures are interconnected.
This follows from the fact that at some time moment the structure can be regarded as
stationary (in the initial period of its generation and existence) and then a purely dynamic
regime may be considered, when the foam structure is at the stage of destruction under
the influence of gravitational forces, chemical processes, physical and mechanical causes.

In general, the aqueous foam is a dynamic structure. It would be advisable to create
a theoretical model, which would allow solving the direct problem of electromagnetic
wave propagation, both in the dynamic and stationary formulations. But it is a very
difficult task, so we first simplify the problem and take in account the stationary case with
the relative stability of its structure in time and permanence of its geometric and dielectric
parameters.

Papers about foam investigations were well known for remote sensing in 1960-1990
[1]. In 2003-2006 we investigated liquid foam structures in open space [2, 3]. In 2012-
2014 we studied foam in solid state [5 — 8].This paper presents calculations of the
reflection and transmission characteristics of electromagnetic waves. They were made
through Finite Element Method. The calculations were performed in the range of 8 — 12
GHz. They were based both on geometrical parameters of layers and their dielectric
characteristics. The geometric dimensions, dielectric permittivity, and dielectric loss
tangent were previously obtained from results of the study of quasi-dynamic water foams

[4].
2. Data for calculation

The basis for calculations using the Finite Element Method is the way of finding the
data, particularly values of dielectric permittivity and dielectric loss tangent as well as the
geometric size of every layer.
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Fig. 1. Dielectric permittivity £ dependence on foaming ratio p (a).
Loss tangent tgo dependence on foaming ratio § (b).

Necessary data and characteristics such as dielectric losses of foam samples for
different foaming ratio and the dependence of the dielectric parameters that are indicated
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in Fig. 1a and 1b were taken from the Ref. [4]. Also from this paper we found that the
foaming ratio was in range from 6 to 350.

Information from Fig. la and 1b corresponds to the characteristics of
electromagnetic waves in the range of 8 — 12 GHz.

3. Calculations

The information taken for every layer was very useful for computations. The layers
have different values of dielectric characteristics (given in Table 1) in the samples of
chosen structure. The range of foaming varies from 6 to 350 that is a very large range.

Calculations of the reflection and transmission characteristics of electromagnetic
waves were fulfilled by means of the Finite Element Method. The point of the method is
that the space, in which the electromagnetic waves propagate, is divided into elementary

volume elements, having the form of tetrahedrons.
Table 1
Dielectric characteristics of layers

Layer Value of Value of Thickness of layers
(No.) dielectric dielectric
permittivity | loss 1 version | 2 version
(mm) (mm)

1 2 0.3 10 15
2 2.3 0.35 10 15
3 2.65 0.42 10 15
4 3 0.48 10 15
5 33 0.55 10 15
6 3.62 0.62 10 15
7 4 0.63 10 15

As it seen from Fig. 2a, the layered structure consists of seven layers of the same
thickness. Calculations were made for two different versions (thicknesses). Every layer
thickness is plate and every layer has a position that is very close to neighboring layers,
without any gaps. So, the total thickness of the structure was 70 mm (1 version) and 105
mm (2 version).

We composed models with different thicknesses according to Table 1. In this case
we have got a distributed profile of dielectric permittivity values and dielectric loss
tangent in the structure layers like it is proposed in Table 1 and usually corresponds to
measurements in real water foams.

Here the upper layer (Number 1) has a foaming ratio of about 350 when the
bottom layer (Number 7) has it of about 6. In the appropriate way, for layer number 1 the
dielectric permittivity € has a value 2 and the dielectric loss tangent tgd has a value 0.3,
while for the layer No. 7 dielectric permittivity value € has a value 4 and dielectric loss
tangent tgd has a value 0.63 — that is 2 times higher than for the 1% layer. Dielectric
permittivity € increasing from layer to layer is about 0.3 — 0.4 and dielectric loss tangent
tgd increasing from layer to layer is in the limits of 0.01 — 0.06.
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Fig. 2. Foam model in the form of laminated dielectric of 7 layers (a).

Scheme of measurements (b).

In Fig. 2b the measurement scheme is presented. It consists of a section of
rectangular waveguide with cross-section 23x10 mm in size, horn antenna, layer
structure, and two ports. In the case of rectangular waveguide section, horn antenna, layer
structure, and two ports are situated on the axis Z symmetrically.
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Fig. 3. Interference image of reflected and transmitted waves (E —field, plane YZ).

The first port is situated inside the rectangular waveguide section, on the end wall,
and is used for the generation of electromagnetic waves. It is also used for receiving the
reflected electromagnetic waves. Values of reflected and radiated electromagnetic waves
are used for calculating the S11 — coefficient of reflection.

The antenna was used with the aperture of 70x70 mm. It was installed in front of the
structure to be investigated at a distance of 150 mm from the aperture of antenna to the
front plate (first layer) of the structure. The receiving port was installed at a distance of
150 mm after the last plate (7" layer) of the laminated dielectric.
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In Fig. 3 a picture of interference (E —field, plane YZ) is presented where bright
points reflect high amplitudes and dark points reflect low amplitudes of the field.
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Fig. 4. Characteristics of reflection for foam structure models
with thicknesses 10 mm (dot line) and 15 mm (dash-dot line).
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Fig. S. Characteristics of transmission for foam structure models
with thicknesses 10 mm (dot line) and 15 mm (dash-dot line).

4. Analysis of results. Conclusions

In the paper a comparative research of the reflection characteristics S11 and
characteristics of transmission S21 of electromagnetic waves is presented for different
layer thicknesses.

The number of partitions makes the value of 46102 tetrahedra. Calculations were

performed in 100 frequency points, one calculation after another with distance in 0.04
GHz. It is possible to obtain smooth curves.
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The work was fulfilled for the values of layer thickness of 10 and 15 mm. From Fig.
4 it is easy to see that reflection curves have the same resonances as a result of wave
interference and the reflection value S11 is in the range from about —12 to —34 dB. It
means that on the average reflected wave amplitudes are 100 times less than amplitudes
of an incident wave. There is practically a very small dependence of reflection on layer
thickness.

For models under consideration the calculated curves of transmission are very
dependent from thickness of layers. The transmission value S21 is very small, it is within
the limits of about from —52 to —80 dB. This shows a great level of absorption of
electromagnetic waves.
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