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The goal was to develop thermoanemometer based on 3CSiC (B) and to study its characteristics. Velocity and
temperature sensors of the anemometer were made of one block in the form of plates: area 1x1 mm® and a thickness
of 200 - 300 microns. Calibration characteristics of the sensor resistance up to 700K and the anemometer in the
temperature range (290 - 410) K were determined. Temperature coefficient of resistance was 3,5 x 107 grad' at T =
300K. Temperature and velocity fields of convective air currents generated by the heated plate were measured by
this anemometer. Measuring accuracy was: for flow rate 0.1 m/s, and for temperature 0,1 © C with step 2 mm.
Keywords: anemometer; flow sensor; temperature sensor.
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The article is focused on creation of modern odorizers that ensure timely detection of natural gas flows without
the use of special equipments for the smell in order to adopt urgent measures to prevent emergency and hazardous
situations and measures of human health.

Due to analysis of requirements for natural gas odorization and odorizers conditions to ensure the efficiency of
the process of gas treatment aimed at identifying its flows and prevention of explosive environment the methods and
principles of odorizers are defined. Taking into consideration the shortcomings of dripping and evaporator (wick)
installations new technical solution of non-filter odorizer is proposed that operates effectively in a wide range of

ambient temperature while using the odorant with different level of purity.
Keywords: natural gas, flows identification, odorization, odorizers.

Introduction. Setting of a problem

Most frequently as a fuel for industry and for
household needs hydrocarbon gases are used that have
no smell. This makes it difficult to detect leakages in
gas technology pipe-lines, devices and equipments
and the presence of gas in the private and working
premises until the explosive or  harmful
concentrations. Technically it is possible to detect
leakage of gas from the closed system by special
sensitive devices.

For well-timed adoption of emergency measures
in order to prevent accident-prone situations in case of
leakage, natural gas must be identified without use of
special equipment by smell at concentrations in the
environment not exceeding 20% of the lower
explosive limit and 0.3 ... 0.5% for different brandes
of low density fuel gas. Necessary condition for safety
of fuel gas is smell appearance in the case of its
leakage into the room.

For well-timed identification of gas leakage it
(gas) must be odorized by introdution of the substance
with  strongly-pronounced specific odor. The
quantitative content of odorant in natural gas which
supplied to consumers is standardized depending on
the chemical composition of odorized mixture. For
example, according to GOST 22387.5-77 "Gas for
communal consumption. Methods for determining of
odor intensity of odorant for ethyl mercaptan- rate of
introduction is 16 10~ kg for 10° m® of gas at standard
conditions. Therefore, odorization process should
provide such content of odorant in gas in order one
person with normal olfactory function could detect the
smell of gas upon condition that volume concentration
of gas in air equal to 1% [1, 2].

In the case of exceeding of permissible level of
odorization ("overdose") of natural gas there is danger
to human health as a result of poisoning by hydrogen
sulfide even in the case of absence of gas leakage[3-
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6]. Similarly, in the case of "underdose" no gas
leakages are identified and there is explosive
concentration of gas mixture with air in the premises.

Odorization of natural gas is usually carried out
at gas distribution stations (GDS) before its supply to
the consumers or at odorization points [7].

Setting of the task.

Method of odorization and provision by
odorization accuracy units have the greatest impact
on the quality of odorization of natural gas and to a
large extent the level of automation too with
simultaneous analysis of the results of the process.

Choice of the method of odorization and type of
installation, first of all depends on the requirements of
necessary productiveness, accuracy and working
conditions (cleanness of an odorant, the presence of
moisture, ambient temperature and so on).

By 2005-2006 odorant storage capacities both in
Ukraine and in the CIS countries located below and
were made of ferrous metals which were subjected to
aggressive influence of an odorant and oxidized and
also there was rust. It (rust) settled on the elements of
the constructions of technological odorization
installations (pistons of the pumps, valves etc.). In
order to avoid the appearance of rust odorant storage
capacity was made of of stainless steel and set on the
ground.

It enabled to implement the installations of
odorization that only work under “filling", i.e odorant
goes to the pump on the principle of ,,communicating
vessels” (firm LEWA (Germany)) [8].

For such technologies there is condition that the
pressure in the storage capacity of odorant does not
exceed 0.07 MPa, that doesn't correspond to reality
during their operation in the summer.

Odorant under atmospheric pressure boils at a
temperature of 310,15°K. To avoid this boiling actual
pressure in the storage capacity must be more than
0,07 MPa. At low gas flow and, consequently, upon
condition that odorant pressure in storage capacity less
than 0.07 MPa may be boiling of an odorant in the
pump and its airlocking.

In world practice for reliable operation of odor-
izers filtering cartridges are used that provide odorant
purification from various impurities and ice crystals in
the winter. The higher the degree of odorant
contamination, including the ice crystals, the more
filter is clogged and needs additional cleaning .

In this basis it is important to ensure accurate and
effective odorization of natural gas while minimizing
the cost of maintenance of odorizers which operate
with different odorant purity and the presence of
inclusions.

Thus an important task that requires a technical
solution is the creation of odorization systems which
do not require the use of filters and thus ensure
measurement accuracy and formation of splash dose
into the gas flow.

Odorization installations

Currently manual dripping, vaporizing (wick)
and bubbling odorization installations are used to give
natural gas specific odor.

In dripping installations odorant is introduced in
the pipeline by drops or thin jet. Such odorizers are
based on a relatively constant value of the mass of a
drop of liquid (for odorant - about 0,02 g) [9]. By ad-
justing the flow of odorant and counting the number
of drops per unit of time, it is possible to achieve the
required odorant flow under defined natural gas flow.

Odorization installations of dripping type need
constant maintenance, control and regulation of drop-
per of odorization mixture during the change of the
value of gas flow. Such regulations are performed by
GDS (gas-distribution station) service personnel. Ad-
justment is performed manually by needle shut-off
device and therefore it is impossible to achieve high
precision of dosing. Accordingly the accuracy and
efficiency of odorization however is low. Such odor-
izers are characterized by the absence of direct propor-
tional dependence on the required amount of odorant
from gas flow, because odorization input mixture is
under the influence of alternating liquid column that is
independent of the amount of fluid gas. Installation
have to be reconstructed in the case of gas flow fluc-
tuations.

In general the modern technological scheme of
natural gas preparation installations of dripping class
can be used only as a backup during the repair of the
main equipment.

Wick odorizers operate on the principle of
evaporation of odorant from the capacity in which
flannel strips are submerged partially. Above the sur-
face of an odorant between the flannel strips gas is
flowing and saturated with odorant. Temperature of an
odorant, which determines the evaporation intensity
and therefore the level of odorization is supported by
thermostat of an odorant heater.

The level of gas odorization is measured at
amount of an odorant that is spent per unit of time and
can be adjusted by the change of amount of gas that is
passed through wick camera.

In such installations of bubbling type part of the
gas through adjusting locking device enters the dis-
penser, where in the bubbling chamber is saturated
with vapors of an odorant and then returns to the pipe-
line and mixed with the main gas flow. Into the dis-
penser odorized mixture fed by gravity from the live
storage capacity which is periodically updated by set-
off from odorant storage capacity.

These odorization installations have significant

disadventages which limit their wide application [9]:
- odorization process goes beyond a certain mode and
requires manual adjustment to the new regime upon
conditions that there are changes in the gas supply by
more than 30%;
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- odorization low accuracy, which is primarily defined
by the quality of doser and stable gas flow to the gas
pipe;

- temperature fluctuations, environmental changes in
the gas supply pressure, sudden changes in gas con-
sumption at disabling or connected relatively large
consumers, which significantly affects badly on the
quality of odorization can not be considered automati-
cally and compensated;

Automatic odorization installations are used for
maximum exclusion of these disadvantages. In such
installation automatic supply of odorant is provided in
proportion to volume and volume flow of natural gas
according to the information of measuring instrument.
One of the first automatic odorization installations in
Ukraine, in which the dose of splashed odorant is
measured, was the installation of "Floutek-TM-D"
(figure 1) [10].

Such installations have begun to be implemented
at the new GDS in 2000, where underground storage
capacity of odorant were used and made of stainless
steel. In 2004 such plants began to be implemented
together with the existing underground storage
capacities of odorant which are made of "ferrous
metal" without filters.

As a result, rust with odorant ran into the
installations which led to off-line of the installations.

The main reason for off-line of odorization
installations during their operation is getting dirty
particles of odorized mixture into it and crystallization
of moisture that appears in odorant as a result of
condensation while temperature fluctuations during
operation in winter. All of this leads to failure of
automation.

| ]
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Fig 1. Odorization installation “FLOUTEC-TM-D:
P1-P2-pump electromagnetic; F1-F2 odorant filter;
DPEL1 -differential pressure transmitter; GT- gauge
tube

In order to prevent emergency situations, because
of the crystallization of moisture, such measures can
be taken:

- hygrochemical method by addition to odorant
about 10% of methanol. This allows you to bind
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moisture that wouldn't lead to the appearance of ice
crystals in odorant and will protect against automation
fault;

- using heating system of odorization mixture in
each installation.

Filters are applied (especially at high flow of
natural gas and, therefore, odorant) which must be
often served in order to prevent influence of dirty
inclusions of odorant on operation of installations. It
should be noted that defiltrate of an odorant and used
filter cartridges are rather harmful for environment
and living organisms.

For effective odorization of natural gas under
different operating conditions specialists of "DP
Ukrgasteh" LTD and Scientific Research Center
"Devices and energy-saving systems" of National
Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic  Institute”  developed  odorization
installation, which operates with an odorant of
different levels of purity" Floutech-TM-D-PPM
"(Fig. 2) [11].

It is crucially new technical solution of
odorization installations. The main advantage of this
odorizer is no filters for cleaning of odorant impurities
and inclusions ice crystals. In the case of heating
system "Floutec-TM-D-PPM" can work offline
without any additional service for a long period of
time. At this GDS staff may be engaged only for
resharpening of odorant storage capacity.
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Fig. 2. Odorization installation of FLOUTEC-TM-D-
PPM: P1-P2 — pump electromagnetic; F1 — gas
filter; DPE1 — differential pressure transmitter;
GT — gauge tube; FT — filling tube; SD — splash
device

Practical operation of non-filter odorization
installations Floutec-TM-D-PPM in real conditions of
technological process of preparation of natural gas
showed that they (installations) remain effective even
without heating at temperatures up to -20°C.

Thus, developed  non-filter  odorization
installation "Floutek-TM-D-PPM” is more better and
sustainable than similar facilities of western
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production, and the cost will be much lower because
of all developers use filters for odorized mixture.

Conclusions
There are following conclusions based on the
analysis of requirements to odorization of natural gas:

-it's ineffectively and dangerously to wuse
technology of odorization installations of dripping and
wick classes;

-dripping and wick odorization installations are not
used in Europe. But nevertheless there are improved
climatic conditions and odorant itself is more clear
and therefore more expensive;

-using of non-filter automated installations systems
of natural gas in the future will completely permit
abondoning the technologies of dripping and wick
classes with full odorization providing a wide range of
natural gas consumption.

Further researches are aimed at creating of high-
precision device of odorant dosing in a wide range of
its micro flow.
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OJOPU3AIIHI YCTAHOBKHM HOBOI'O TIOKOJITHHA

CrarTsi HampaBlieHa Ha CTBOPEHHS CYYaCHHX OJOPHU3AliiHUX YCTAHOBOK, SIKI TapaHTYIOTh CBO€YACHE BHSBIICHHSI
BHTOKIB MPHUPOIHOTO Ta3y 0e3 3aCTOCYBaHHSA CIICHIANbHUX TEXHIYHMX 3ac00iB MO 3amaxy 3 METOI0 NPHHHATTI
HEBIIKJIAJHAX 3aX0[IB 13 3aN00IraHHs aBapiifHO HEOE3MEUHIX CUTYaLlil 1 30epekKEeHHS 3J0POB’S IIOICH.

Ha mninrpynTi asamisy BUMOI JO0 oOjopH3alii NPUPOJHOrO Tra3y Ta YMOB eKCIUIyaTalil O0J0pu3aTopiB, s
3abe3neueHHss e()eKTUBHOCTI TEXHOJIOTIYHOTO IIPOLECY MiJArOTOBKM ra3y, HampasieHoi Ha igeHTH]ikaiilo Horo
BUTOKIB 1 3a100iraHHsI BAHUKHEHHS BUOYXOHE0E3MEYHOTO CEPeIOBHUINa, OKPECICHI METOIU Ta MPUHIUITHN TOOYI0BU
OJIOPHM3ALIHUX YCTAHOBOK. BpaxoByrouum HENOJIKM KpamnelbHHX Ta BHIIApPyBaHMX (THOTOBHX) YCTaHOBOK,
3alpOIIOHOBAHO HOBE TEXHIYHE pillleHHs 0e3(IbTPOBOI 0JOPHU3AIIIfHOI YCTAHOBKH, KA epEeKTHBHO (YHKIIOHYE y
ITUPOKOMY Jliana3oHi TeMIepaTypy HaBKOJHIITHLOTO CEPEIOBHUIIA PH BUKOPHUCTAaHHI OJIOPAHTY 13 PI3HUM CTYIICHEM

YHUCTOTH.

KuiouoBi ciioBa: nmpupogamii ra3, ieHTrudikaris BATOKIB, 0J0pHU3allis, 0JJOPHU3aIliiiHi yCTAHOBKH.
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B. B. KporeBuu

Hayuonanvnwviti mexnuueckuti ynugepcumem Yxpaunvl “Kuesckuil noaumexmuyeckuil uHCmMu-
mym umenu Mzops Cuxopcrozo”, e. Kues, Yxpauna

OOPU3ALIMOHHBIE YCTAHOBKHM HOBOI'O ITOKOJIEHHW A

Crarbss HampaBlicHAa Ha CO3JAaHHE COBPEMCHHBIX OJIOPU3AIMOHHBIX YCTAHOBOK, KOTOPHIC TapaHTUPYIOT
CBOCBPEMCHHOC BBISBICHUC YTCUCK MPUPOJHOTO Ta3a 0e3 MPUMEHCHHs CICIHAIbHBIX TEXHUUCCKHUX CPEICTB IO
3amaxy ¢ LeNbl0 MPHHATHS HEOTIOXKHBIX MEp II0 MPEIOTBPAIICHUIO aBapUHHO OMACHBIX CHTYAlldil M COXPaHEHHIO
3710pOBBS JIIOZCH.

Ha ocnoBe ananmm3a TpeOoBaHMI K OJOpM3AIIMM MPHUPOAHOTO Ta3a M YCIOBHH JKCILTyaTalldH OJOPH3aTOPOB, IS
obecrieueHns 3(H(GEKTHBHOCTH TEXHOJOTHIESCKOTO TMPOIlecca MOATOTOBKY ra3a, HalpaBlIeHHONW Ha WACHTH(HUKAIIHIO
€ro WCTOKOB W TMPEAOTBpAINCHUS BO3HHKHOBCHHS B3PBIBOOIACHOW CPEIBI, ONPEICICHBI METOABI W TMPUHIIHIIEI
MOCTPOCHUS OOPU3AIIMOHHBIX YCTAHOBOK. YUHTHIBAasi HEIOCTATKU KAICIBHBIX W HCHAPUTECIBHBIX ((PUTHIIBHBIX)
YCTaHOBOK MPEUIOKCHO HOBOE TEXHHYECKOE pelIeHHEe Oec(UiIbTpOBOM ONOPU3AIMOHHBIX YCTaHOBKH, KOTOpas
3¢ (eKTHBHO (QYHKIIMOHUPYET B IIUPOKOM IHAMA30HE TEMIICPATYPHl OKPYKAIOMICH CpeIpl IMPH HCIOIh30BAHUU
OJIOpPaHTa C Pa3sHOH CTEIECHBIO YHCTOTHI.

KuroueBble ¢jI0Ba: IPUPOTHBIN ra3, HASHTA(OUKAINSI HCTEIECHIS, OJTOPU3AIIHS, OJJOPU3AIIMOHHbBIC YCTAHOBKH.
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