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EFFECT OF AMBIENT TEMPERATURE
ON THERMODYNAMIC TEMPERATURE MEASUREMENTS

Abstract. The development of science and technology is closely related to the use of measuring instruments.
Measurements are one of the ways to know nature as a process and help to make scientific discoveries and apply these
discoveries in production and technology. Measurements are also of great importance as the only means of monitoring
technological processes in various fields of industry and production processes. Properly organized measurements ensure the
reliability, economy and convenience of conducting production processes, as well as provide opportunities for their extensive
automation. In addition, it is not possible to provide safe and trouble-free maintenance of production processes and facilities
without using measurement tools. Today, the national economy of the country is provided with a large arsenal of measuring
instruments of both domestic and foreign production, from the simplest primary converters and measuring devices to complex
automatic tools and systems that allow controlling technological devices and complex production using information and
computers. A wide variety of measuring tools requires the right choice for specific purposes. In this regard, one of the
important issues is the question of their metrological assurance. Accurate and correct measurements performed during
technological processes lead to an increase in product quality, a reduction in waste products, as well as a minimization of
time and material losses. For this reason, ensuring the accuracy of temperature measurements performed in technological
processes is one of the most urgent issues today. The research work has shown that the most important part of the error of
the temperature measurements is the influence of the environment on the measurement process. For this reason, the amount
of this effect was determined and analyzed during the research work.
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Introduction

As we mentioned, the set of technical tools that serve
to perform measurements, the methods and rules of
performing measurements, as well as the interpretation of
their results are considered as the concept of measurement
technique. The place of measuring technique in our
modern world can be characterized by the following
information. Currently, the costs of measuring equipment
during production processes in industrial enterprises make
up approximately 10-15 % of all material consumption. In
some areas of the economy, such as oil refining,
petrochemistry, chemistry, radio electronics, micro-
processor technology, etc., these costs are even 25%.

The section of measuring technique, which includes
measuring methods and measuring devices used in
technological processes, was considered as a part of
technological measurements. The set of measured
parameters included in technological measurements are
quite different for different industries, mainly depending
on the specifics of technological processes. Depending on
the nature of the technological process, it is possible to
classify all production in different industries mainly into
two groups. These are continuous and discrete (numerical)
manufacturing technological processes. The first group,
i.e. technological processes of a continuous production
nature, includes oil refining, drilling, petrochemical,
chemical, metallurgical, thermal energy, hydropower, etc.
The second group, i.e. discrete (numerical) manufacturing
technological processes, includes machine building,
device making, radio electronics, food, etc. production
areas. Measurement of  temperature,  pressure,
consumption, level and amount of substance in continuous
technological processes makes up more than 86 % of the
total amount of all measurements. The remaining 14 %
measurements are the measurement of the substance's

composition and physical-chemical properties, as well as
electrical quantities.

As we mentioned, temperature is the critical factor
and the most important parameter used during
technological measurements, as well as determining the
efficiency of the process and the quality of the product.
As we know, there are several ways to measure the
temperature of technological processes, and each of them
has its own disadvantages. In the course of our research
work, the effects of environmental temperature, which
have a significant impact on the standardization of
metrological assurance of thermodynamic temperature
measurements, were investigated. The research work
provided the basis for designing a new innovative model.
By means of this innovative and modern method, a
comparison of temperature measurement tools,
especially thermocouples, with traditional process
temperature measurement methods was made and it was
determined by which methods and tools the accuracy can
be increased.

Measuring  temperature  through  traditional
measuring methods prevented some of the thermowell
problems by eliminating the need to intervene in the
technological process. Unfortunately, this method also
had its challenges, as the internal temperature of the
process could not be accurately or within a reproducible
interval due to the environmental temperature effect
factor that could affect the measurement.

It is for this reason that during the research, the
characteristics of the ambient temperature, which affect
the thermodynamic temperature measurements, were
studied and analyzed.

Method and materials

During the research work, the effect of ambient
temperature on thermodynamic temperature
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measurements in  technological processes was
investigated and this effect was analyzed through
comparative tests. These tests were performed under both
artificial and natural environmental conditions and the
results were compared.

The following materials were used during the
research work.

1) technological pipe with a diameter equal to 20 cm;

2) oil solution;

3) K type thermocouple;

4) artificial wind generator;

5) simulator.

In order to carry out this research, an experimental
experiment was conducted to determine the temperature
of the oil solution when it flows through the pipe. During
the experiment, oil began to flow from inside the pipe
with a diameter of 20 cm. At this time, in order to
determine the temperature of the pipe surface, a surface
sensor and a transmission head are connected to the pipe
surface. An experiment was then carried out on how the
temperature from the pipe to the transmitter head can be
distributed in the surface sensor assembly (Fig. 1).

Fig. 1. Measuring the temperature
of the liquid flowing through the pipe

During the conducted experiments, the importance
of the surface temperature affecting the temperature of
the oil solution passing through the pipe and the ambient
temperature affecting that pipe was determined.

Analysis of the effect
of ambient temperature on the thermocouple

In the tests carried out during the research work, it
was determined that there is a non-linear relationship
between the temperature of the liquid flowing through the
pipe and the thermal effect of the ambient temperature on
the pipe. To correct and linearize this nonlinear
relationship, it is relatively difficult to model it. The use
of insulation for the temperature measurement assembly
can reduce much of the non-linear heat transfer and also
help create a one-dimensional heat transfer profile for the
temperature assembly and transfer head. Such
linearization of heat transfer does not eliminate all
inaccuracies in the measurement of tube surface
temperature, but it reasonably allows finding a solution
to correct for changing and constant environmental and
process conditions.

During the research work, free convection of the
thermocouple attached to the pipe was initially
performed. During free convection, the thermodynamic
temperature of the oil liquid passing through the pipe was
determined under normal ambient conditions. Free
convection simulation was analyzed during the
experiment.

Then, a forced convection environment was created
for the thermocouple placed on the technological pipe
through which the oil solution passes. At this time, a wind
with a speed of 2 m/s was created by means of an
artificial wind generator, and its effect on the
thermocouple was studied. During the conducted tests, it
was determined that the ambient temperature affects the
temperature of the material passing through the pipe in
the range of 10-18%, both through free and forced
convection. Fig. 2 and Fig. 3 show the heat loss profiles
from the surface temperature unit to the ambient for both
free and forced convection.

During the conducted research, the ambient
temperature and wind speed were measured at different
time intervals in the simulation of free convection. At that
time, the temperature coefficient was in the range of
1,195e+001 and 9,002e+001, and the wind speed was in
the range of 3,245e+001 and 4,975e+001.
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Fig. 2. Simulation of free convection

During the conducted research, the ambient
temperature and wind speed were repeatedly measured at
different time intervals in the simulation of forced
convection. At this time, the existing wind speed

Fig. 3. Simulation of forced convection (wind speed increased by 2 m/s)

(between 3,245e+001 and 4,975e+001) was increased by
2m/s.

As a result of this increase, the temperature
coefficient changed between 1.684e+001 and 9.00e+001.
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Later, during the performed research, tests were
conducted to measure the thermodynamic temperature of
the fluid in the pipeline using an immersion resistance
thermocouple.

The figure below shows the measurement of the
temperature of the liquid in the pipeline using an
immersion resistance thermocouple and the comparison
of the temperature of the thermally insulated surface of
the pipe (Fig. 4).

During the test performed, the ambient temperature
varies between 24 °C and 31 °C, while the process
thermodynamic temperature remains stable at 30 °C.

As the difference between the thermodynamic
temperature of the process and the temperature of the
environment affecting the process increases, the
difference between the thermodynamic temperature of

the process and the temperature of the surface changes up
to 2 °C.

Also, the same behavior can be seen with a similar
change in ambient temperature as shown in Fig. 5.

Under the same test conditions, the ambient
temperature drops from 30 °C to -5 °C. As the difference
between the thermodynamic temperature of the process
and the ambient temperature increases, the difference
between the thermodynamic temperature of the process
and the temperature of the surface changes to almost
15°C

In the graph shown in Figure 6, the difference
between the technological process temperature and the
surface temperature during the test performed under
changing environmental conditions is considered as a
variable.
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Fig. 4. Comparison of surface sensor and thermocouple detector at constant process temperature
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Fig. 5. Comparison of insulated surface sensor and thermocouple detector during ambient temperature changes
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Fig. 6. Graph of dependence of surface temperature with technological process

As the process temperature rises, the error or
difference between the process temperature and the
surface temperature increases.

This relationship makes it difficult to compare the
two values because it depends on the process
temperature, the ambient temperature, and the thermal
conductivity of the measuring device.

The above-mentioned graphs suggest that one of the
most important methods of increasing the accuracy of
temperature measurements  performed during
technological processes is the minimization of the
environmental temperature affecting these
measurements.

During the performed test work, it was determined
that the temperature of the liquid flowing through the
pipeline can vary depending on the ambient temperature
and the surface temperature of the pipe. However, this
variation is not taken into account during thermodynamic
temperature measurements.

Conclusions

During the conducted research, the environmental
conditions affecting the change of this temperature

during the thermodynamic temperature measurement at
all stages of the technological process were analyzed.
Analyzes performed during the experiment were
compared using free and forced convections.

During the performed test work, it was determined
that the temperature of the liquid flowing through the
pipeline can vary depending on the ambient temperature
and the surface temperature of the pipe. However, this
variation is not taken into account during thermodynamic
temperature measurements.

This significantly affects the accuracy of
temperature measurements performed in industrial
enterprises and production processes.
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Brnuins TeMnepaTypH HaBKOJMIIHBOTO Cepe0BHINA
HA TePMOAMHAMI4YHi BUMIPIOBAHHSA TeMIlepaTypu

H. Ickannapos

AHoTanisi. PO3BUTOK HayKH 1 TEXHIKU TICHO MOB'SI3aHUH i3 3aCTOCYBAaHHSAM BUMIipIOBAJIbHHUX MPHIAIiB. BUMiproBaHH:
€ OJIHUM i3 cI0CO0IB Mi3HATH MPUPOAY SIK HPOLEC i TOMOMAraTh pOOUTH HAYKOBI BIIKPUTTS Ta 3aCTOCOBYBATH Il BiAKPHUTTS
y BUPOOHHUITBI Ta TexHilli. BUMipioBaHHS MalOTh BEJIMKE 3HAYCHHS TAKOXK SIK €IMHU I 3aCi0 KOHTPOJIIO TEXHOIOTIYHUX MPOLIECiB
y PpI3HHX Trajy3sX MPOMHUCIOBOCTI Ta BHUPOOHHYMX TpoleciB. [IpaBUIBHO OpraHizoBaHi BHUMIpPIOBaHHS 3a0e3MEUYyIOTh
HaiHICTh, €KOHOMIYHICTh 1 3pYy4YHICTh BEICHHS BUPOOHHYMX MPOLECIB, a TAKOXK HAMAIOTh MOMIIMBOCTI Ui iX MIMPOKOT
aBromaru3aiii. KpimM Toro, 6e3 BUKOPHUCTAaHHs BUMIpIOBAaIBHUX 3aCO0IB HEMOXKJIMBO 3a0e3mnednT Oe3reyHe Ta Oe3aBapiiiHe
00cIyroByBaHHss BUPOOHMYHX mpoiieciB i obnagHanHs. CbhOroiHi HapogHE TOCIONAPCTBO KpaiHW 3abe3ledeHe BETHKHM
apceHanoM 3aco0iB BUMIPIOBaJIbHOT TEXHIKH SIK BITYU3HSHOTO, TaK i 3apyOiXKHOTO BUPOOHHUIITBA, Bi/l HAUIIPOCTIIINX MIEPBUHH UX
MePETBOPIOBAYIB 1 BUMIPIOBAIBHUX MPUCTPOIB JI0 CKJIAIHUX aBTOMATHYHHX 3aco0iB 1 CHCTEM, IO IO3BOJISIIOTH KEepPyBaTH
TEXHOJOTTYHUMH TPUCTPOSIMU 1 CKJIaJHUM BUPOOHHLTBOM 3a qoromororo inpopmarnii Ta EOM. . Benuka pi3sHOMaHITHICTH
BUMIPIOBAIbHUX IHCTPYMEHTIB BUMArae mpaBUIbHOTO BHOOPY /ISl KOHKPETHUX Lijei. Y 3B'SI3Ky 3 UM OJHUM i3 BaXITHUBHUX
MUTaHb € MUTAHHS X METPONIoriYHOro 3abe3neueHns. TOUYHI i MPaBUIbHI BUMIPIOBAHHS, IO MPOBOISATHCS B TEXHOJIOTIYHUX
MpolLecax, MPU3BOIATH J0 MiABUILEHHS SIKOCTI MPOAYKIIii, 3MEHIIIEHHS BiIXO/IiB, a TAKOK MiHIMi3allii YaCOBUX 1 MaTepiallbHUX
BTpat. Tomy 3abe3nedeHHs TOYHOCTI BUMIPIOBaHb TEMIIEPATYPH B TEXHOJIOTIYHUX MPOIECaX € OJHI€I0 3 aKTyalbHUX MPoOIeM
cporofieHHs. JIOCHi/KeHHST MOKa3ald, IO HAaWBaXIIMBINIOK YAaCTHHOIO MOXUOKM BHUMIPIOBAaHb TEMIIEPATypH € BIUIHB
HABKOJIMIIIHBOTO CEPE/IOBHIA HA TMPOIEC BUMIPIOBaHHA. 3 Mi€l MPUYMHU KiNBKICTh 1bOTO edekTy Oyira BH3HA4YEeHA Ta
MpOaHali30BaHa IiJ] Yac JOCIiAHUIBKOT pOOOTH.

Kiaw4yoBi cioBa: TeXHOJOriYHI MPOIECH; BIUIMB HA HABKOJMIIHE CEPEIOBHILE; BUMIPIOBAHHSI, TEPMOIMHAMIKA;
METPOJIOTisl; TOUHICTb.
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