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Abstract

Gas flow temperature is an important parameter of the process, determines the quantitative and qualitative
indicators of the original product, the presence of defects, the state of technological equipment, as well as the safety
of the process. Therefore, its measurement must be carried out continuously, with high accuracy, low inertia and high
reliability, since the information signal about the value of temperature is used in information-measuring systems and
automatic control and regulation systems. When measuring a time-varying gas flow temperature, the thermo
transducer does not have time to keep track of the temperature change since it takes some time to change the
temperature of its sensitive element. Distortion of thermo transducer due to the non-stationarity of thermal processes
both in the thermo transducer itself and between it and the environment is due to its inertial properties (thermal
reaction). Due to these properties, there is an additional difference between the temperature of the sensing element
and the temperature of the gas flow, which determines the dynamic error in measuring the flow temperature. The
method of determination of inertial properties of thermo transducer for different gas flow velocities by the measured
value at one basic flow velocity is proposed in the article.
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1. Introduction

The specifics of the conditions for measuring the temperature of gas flows is determined by the variety of
technological objects used in industrial production, physicochemical properties and flow velocity, the range of
measured temperatures, the requirements for the accuracy and reliability of the measurement results, the nature of the
flow and the likely perturbations of technological processes. Thermo transducers designed to measure the temperature
of gas streams have certain features both in technical and metrological characteristics and in design principles [1].

The quantitative indicator of the inertial properties is the thermal response time, which according to [2] is
defined as the time required to change the measurements of the device by a certain percentage of complete change at
a step change in the temperature of the medium.

The method of determining the time of thermal reaction, which is set in [2] and is meant for common industrial
thermo transducer, cannot be applied to such thermo transducer. According to this method, the determination of the
time of thermal reaction is carried out by cooling or heating the thermo transducer in intensively mixed water, i.e. at a
very large value of the coefficient of convective heat transfer. For gas flows, the values are insignificant, although
they increase with increase in speed, but do not reach large values [3]. Therefore, the value of the thermal reaction
time, determined by the standard method, cannot be judged on the inertial properties of thermo transducer, designed
to measure the temperature of the gas stream.
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2. Analysis of publications and research

Analytical dependencies for determining the time of thermal reaction of thermo transducer are derived on the
basis of the theory of regular thermal regime [4]. Studies of the influence of various factors on the time of thermal
response time have been carried out in fundamental works [5]-[7]. Such studies were also conducted by the author [8].
Thermal reaction time determination studies have been conducted by some authors only for specific operating
conditions of the thermo transducer, but no comprehensive studies on the determination of the generalized
dependence for the thermal response time over a wide range of velocity changes have been performed.

3. The purpose of the study

Thermo transducers can be operated over a wide range of gas flow velocities, and determining the dependence of
the change in thermal reaction time on the rate of flow change poses some difficulties. Therefore, the task is to find a
general analytical dependence by which it is possible to calculate the value of time of thermal reaction at any velocity
V at its known value in the stream of calm air (in natural convection conditions), which is easy to realize in laboratory
or production conditions.

4. Experimental studies

Let us consider the results of experimental studies of the change in the thermal reaction time of a group of thermo
transducers commercially produced by the industry for measuring the temperature of various gas streams with a braking
chamber. Such thermo transducers allow measurement of flow temperatures in the speed range from 20 to 600 m/s and
temperatures up to 1800 °C. Such measurements were most widespread in the range of speeds up to 300 m/s.

Experimental studies to determine the time of thermal reaction were performed on thermo transducer Pt-5680. It
is intended for measuring the exhaust gas temperature of internal combustion engines, as well as the temperature of
air braking in wind tunnels [9]. A design feature of the thermo transducer is the presence of a braking chamber, which
is designed to artificially slow the flow rate at the location where the sensitive element is located. Such thermo
transducers are characterized by a high and stable recovery coefficient over a wide range of gas flow rate changes.
The higher and more stable the recovery factor, the better the quality of the thermo transducer. The general view is
shown in Fig.1.

Fig.1. General view of the Pt-5680 thermo transducer.

The thermo transducer can be operated in the range of flow rates from 20 to 300 m/s and pressure from 30 to
600 kPa. A sensitive element is a platinum thermal resistor with a nominal static characteristic of Pt10 according to
[2], [10], which is placed in a 6x0.5 mm stainless steel tubular housing. The braking chamber is made in the form of
two holes with a diameter of 3 mm, placed behind the sensing element, which provides heat exchange between the
gas flow and the sensing element of thermo transducer. The ratio of the areas of the outlets of the braking chamber to
the inlet is 0.125 and selected from the calculation of braking gas flow. Measuring range is from -50 to 650 °C. The
permissible value of the main error does not exceed +1 °C in the range from minus 50 to 100 °C, £2 °C in the range
from 100 to 350 °C and £3 °C in the range from 350 to 650 °C. The thermal response time is not more than 15 s in
the stream of calm air. The recovery factor for Mach numbers in the braking chamber from 0.2 to 0.6 ranges from
0.96 to 0.97. Mounting the thermo transducer to the housing of the measuring probe is ensured by welding.

Since the time of thermal response time in the technical documentation for thermo transducer is normalized in
the flow of calm air (in the conditions of natural convection), experimental studies were conducted to determine this
indicator in the range of speed changes from 0 to 300 m/s. On the basis of these studies, it is proposed to determine
the analytical dependence of the change in thermal reaction time for different velocities of the gas stream by the
measured value in the stream of calm air.
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The experimental studies were carried out in an aerodynamic pipe in an open air working part with a subsonic
nozzle, which provided a change in the flow velocity in the range from 0 to 300 m/s. The thermo transducers were
preliminary installed in the oven, where it was heated to a temperature of 70 °C and transferred to a stream of air with
a constant temperature. The transient process of cooling the thermo transducer was recorded using a high-speed
secondary device. The scheme of the measuring unit for determining the time of thermal reaction is shown in Fig.2.

Gas Flow

Fig.2. Scheme of the measuring unit for determining the time of thermal reaction: 1 - wind tunnel with open working part;
2 - platinum resistance thermocouples for measuring the temperature in the wind tunnel;
3 - investigated thermo transducer; 4 - pressure gauge for measuring full pressure

Pre-programmed test thermo transducer 3 was installed along the axis of the nozzle at a distance of 40... 50 mm
from its cut. For these conditions, the static pressure is practically consistent with the atmospheric pressure, which
makes it easier to determine the flow velocity at the location of the thermo transducer. The flow temperature in the
wind tunnel was measured using a pre-programmed platinum resistance thermocouple 2.

The gas flow velocity was determined by the static pressure at the installation site and the total pressure, which
was determined by the full pressure gauge 4 installed in the wind tunnel. The velocity was changed every 20 m/s. The
transient curves obtained for the five thermo transducer s determine the average values of thermal inertia time, which
are shown in the table.

Table 1. Dependence of thermal reaction time on gas flow velocity

V, m/s 0 20 40 60 80 100 120 140
€S 13.2 10.1 8.22 7.07 6.08 5.37 4.73 4.42
V, m/s 160 180 200 220 240 260 280 300
€S 4.02 3.57 3.36 3.09 2.85 2.62 2.53 2.49

The experimental data were processed using Curve Expertl.3, which performs operations on the experimental
data arrays. It has a large number of regression analysis (linear and nonlinear) models, as well as various interpolation
schemes, presenting experimental data in the most accurate and convenient way.

The obtained transient curves determined the dependence (Fig.3), which was approximated by a polynomial
gy=a + bV + cV? with the following coefficients: a = 11.73924; b = -0.07536; ¢ = 0.0001547619. The correlation
coefficient r between experimental results and the calculated polynomial values is » = 0.982, which is sufficient for
engineering calculations.

Thus, a comparison of the values of the thermal reaction time over the entire velocity range from 0 to 300 m/s,
determined experimentally and calculated by the proposed polynomial show that the correlation coefficient between
the results is in the range of 0.982 to 0.985. That is, the reliability of the proposed polynomial for the calculation of
the time of thermal reaction in a wide range of velocity changes in the flows of calm air is confirmed.

To determine the time of thermal reaction under real operating conditions without the possibility of dismantling
the thermo transducer from the process object, to obtain a cooling transition curve, it is necessary to immediately heat
it to a temperature of 20-40 °C above the operating temperature of operation. This can be achieved by applying a
voltage pulse of short duration (up to 10 s) and large value to the thermo transducer. Then connect the thermo
transducer to a high-speed secondary device, record the cooling process, and calculate the thermal inertia time value
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according to the above method. The research results show that the correlation coefficient between the experimental
and calculated values of the thermal reaction time is within not less than 0.980 — 0.985.
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Fig.3. Experimental (®) and polynomial calculated (—) thermal response time depending on gas flow velocity.

5. Conclusion

The article describes the method for determining the thermal response time for thermo transducer, designed to

measure the temperature of the gas stream.

The materials of the article are of practical importance because they allow researchers to determine the time of

thermal reaction of thermo transducers at a wide range of speeds by the measured value in a stream of calm air, which
is easy to implement in laboratory or production conditions. The technique of determining the time of thermal
reaction under real conditions of operation of thermo transducer without removing it from the technological object is
also offered.

[10]
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MeToauka BU3HAYCHHS YaCy TEPMIYHOI peakilii TepMOnepeTBOPHOBAYiB 1JIA
BUMIPIOBAHHS TeMIIePaTypH ra30BHX NOTOKIB

Bacune @ennnennb

Hayionanvnuii ynieepcumem «JIvsiecoka nonimexuixay, eyi. Cmenana banoepu 12, m. Jlveis, 79013, Vkpaina

AHoTalia

Temmeparypa ra3oBuX TIIOTOKIB € Ba)KJIMBUM MapaMeTpOM TEXHOJIOTIYHOT'O IPOIECY, BU3HAYAE KUIBKICHI i
SIKICHI TIOKaQ3HMKHM BHXIJHOTO IPOAYKTY, HAasBHICTh OpakKy, CTaH TEXHOJIOTIYHOTO OOJIQJIHAHHS, a TaKoXK Oe3MneKy
¢yHKIIOHYBaHHS Tmporecy. ToMmy BHMIproBaHHS i HEOOXiTHO MPOBOAMTH HEINEPEPBHO, 3 BHCOKOKI TOYHICTIO,
HEBEJIMKOI0 1HEPIIHHICTIO 1 BUCOKOI HAJIHHICTIO, OCKUTBKM 1H()OPMATHBHUI CHTHAJ PO 3HAYECHHS TEMIIEpaTypH
BUKOPHCTOBYETBbCS. B 1H(QOpMAliiHO-BUMIPIOBAJbHUX CHCTEMax Ta aBTOMAaTHYHHX CHUCTEMax KOHTPOIIO Ta
perymoBanHs. [Ipu BHMiproBaHHI 3MiHHOI B 4aci TeMIlepaTypu Ta3oBOro nortoky tepmoreperBoptoBad (TII) e
BCTHT'a€ CJIIKYBaTH 3a 3MIHOIO TEMIIEPATYPH, OCKIIBKH JUIsl 3MiHH TEMIIEpaTypH HOTro YyTJIMBOTIO eJIeMEHTa IMOTpiOeH
neskuii yac. CriorBopenHs nokasiB TIT uepe3 HecTallioHApPHOCTI TEIIOBUX HPOLECiB K B camomy TII, Tak i Mi>k HUM
1 HABKOJIUIIIHIM CEepeIOBUIIIEM OOYMOBJICHI MO0 iHEPIIHUMH BIACTHBOCTAMH (TEPMIYHOIO PEakKIli€r). 3a paxyHOK
LUX BJIACTUBOCTEH BUHMKAE JI0JATKOBA PI3HUIS MK TEMIIEPATypOIO YyTIMBOrO €IEMEHTa 1 TeMIIepaTypolo Ta30BOro
TIOTOKY, sIKa BU3HAYAE TUHAMIYHY OXUOKY BUMIpPIOBaHHS TEMIIEpaTypH MOTOKY. B cTaTTi 3anmponoHoBaHa MeTOIMKa
BU3HAuYeHHs iHepuiiHuX BiactuBoctedt TII st pisHUX MIBHAKOCTEH ra30BOro MOTOKY 32 BUMipSHUM 3HAYEHHSIM MPU
onHii1 0a30Biil MIBUAKOCTI MOTOKY.

KirouoBi ciioBa: MeTomuka; ra30BUi MOTIK; BUMIPIOBAHHS, TEMIIEPATypa; Yac TEPMIUHOI peaKIIii.



