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ABSTRACT

	 Processing of oil, gas and gas condensate is one of the most widespread areas of modern 
chemical-technological processes. Due to the safety of chemical and technological process 
management, strict requirements have been set for the quality of processes in the oil and gas 
refining and petrochemical industries. During chemical-technological processes in the oil and gas 
industry, the fractional composition of the product, the typical boiling point, the octane number of 
gasoline, the cetane number of diesel fuel, the evaporation temperature, the ignition temperature 
and other parameters must be determined with special accuracy. This set of characteristics is used 
in the laboratory assessment of the quality of oil, oil products and gas condensate. Temperature 
measurements performed during such processes must have maximum accuracy. For this reason, 
the determination of temperature by thermocouples in the above-mentioned chemical processes 
has been mathematically studied and evaluated during the research.

Keywords: Temperature measurements, Chemical processes, 
Thermodynamics, Metrology, Accuracy.

INTRODUCTION

	 Currently, the petrochemical industry 
is one of the most important areas of production 
processes. Almost 500 types of chemical products 
are obtained from oil, and the most important 
of these oil products are motor and aviation 
gasoline, kerosene, jet and diesel fuels, fuel oil 
and other petroleum products, gas condensates, 
various solvents, etc. such as liquid fuels. Many 
methods and measurement tools are used to obtain 
measurement information on the physical and 
chemical properties of petroleum products, oil and 

gas condensates, and the amount and composition 
of individual components. In practice, the measuring 
instruments used to determine the quality of oil and 
oil products, especially the fractional composition of 
a multicomponent mixture, refer to the thermal, ie 
thermodynamic temperature measuring instruments 
of analytical techniques1.

	 The fractional composition of a multi-
component mixture means the dependence of the 
boiling point of the individual fractions on the sample 
of the analyte or the amount of these fractions 
in the samples of the analyte depending on their 
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boiling point. In order to obtain information on the 
composition of the fraction, the method of expulsion 
of the analyzed substance at atmospheric pressure 
according to the boiling point is used. The composition 
of the fraction is one of the main and most important 
indicators of quality of petrochemical and chemical 
products-gasoline, kerosene, jet and diesel fuels, oil 
fuel and other petroleum products, gas condensates, 
various solvents and other products2.

	 The measurement of these parameters 
used in laboratory practice, the temperature 
measurements performed during these processes 
and the determination of errors in the measurements 
performed are considered to be one of the main factors 
influencing the results of the chemical-technological 
process. For this reason, the numerical evaluation of 
thermodynamic temperature measurements carried 
out by thermocouples in chemical-technological 
processes is considered an important and relevant 
example of research.

MATERIALS AND METHODS

	 As we have mentioned, in practice, many 
means of measuring the quality of oil and oil products 
belong to the thermodynamic temperature means 
of analytical techniques. Reducing errors due to 
internal and external influences is one of the most 
pressing issues in measurement techniques. During 
the research, the determination of the ignition 
temperature of oil and oil products by the standard 
method was studied numerically, mathematical 
jumps during temperature measurements were 
identified and the importance of maximum accuracy 
of temperature measurements performed in such 
chemical processes was assessed.

	 The following materials, equipment and 
tools were used during the research:

_	 K-type thermocouples, 2 pieces, Model: 
WRNK-387;

_	 Mini Portativ İnverter, Benzin Generatoru, 
LG1300I (800 W);

_	 Temperature Controller, Made of Put into  
A-50oC~110oC Install Embedded Digital; 

Thermostat Controller, Model: XH-W1209;
_	 Mini Heater Matrix, Part no: TAMAU6083;
_	 Stylized metal pipe, inner diameter 20 mm;
_	 Filter block, cocount carbon material, 5x5x 

10.8 inches;

_	 Laminar Flow Cabinet, BBS-V500, External 
Size (W=550 mm, D=460 mm, H=700 mm);

_	 Liquid oil, ρ=0,8-0,9 g/cm3;

	 During the research, it was determined 
that the ignition thermodynamic temperature is the 
temperature of the liquid at which temperature, under 
certain conditions, its vapors are mixed with air during 
heating, and the ignition process occurs when a flame 
is presented to it. Under the conditions of heating 
liquid oil products, the amount of their vapors in the 
"air-vapor" mixture increases with the formation of oil 
on the surface. An explosion occurs when the flame is 
introduced into the mixture, and the next combustion 
of the oil product does not occur due to the absence 
of its vapors in the air after the explosion. The ignition 
process for different petroleum products takes 
place in the "air-vapor" mixture at the same volume 
and constant pressure concentrations of vapors. 
Currently, the ignition thermodynamic temperature 
is a normalized quality indicator of lubricants, diesel, 
jet and automotive fuels, gasoline solvents and other 
products. This quality indicator is considered to be the 
most frequently defined indicator in oil refineries. The 
composition of fractions with low boiling point in the 
oil product is determined by the ignition temperature. 
This indicator also characterizes the danger of burning 
oil products. The decrease in the ignition temperature 
corresponds to an increase in the concentrations of 
light fractions and an increase in the fire hazard of the 
oil product. The ignition temperature is determined by 
analysis in an open or closed loop. The closed-loop 
analysis method gives more accurate and reliable 
results, as well as results that remain stable over a 
similar interval. Therefore, it is widely used automatic 
ignition temperature analyzers Figure 1.

Fig. 1. Scheme of automatic ignition temperature analyzer 
1,2-preparation block; 3-normalizing converter; 

4,7-thermoelectric sensitive element; 5-filter block; 
6-chamber; 8-generator; 9-control unit; 10-heater; 

11-primary heater
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	 During the operation of the device shown 
in Fig. 1, the analyte enters the primary heater at 
a constant flow (approximately 0,5 m/s) rate from 
the preparation unit, and the analyte at the outlet 
is mixed with a constant volume flow of air from 
the preparation unit. The resulting mixture enters 
the main heater and the ignition chamber. If the 
temperature of the mixture entering the chamber 
reaches the ignition temperature, then the steam-
air junction is ignited periodically (at intervals of 7 
seconds) by electric sparks generated in the candles 
during the transmission of high-voltage voltage.

	 The flame in the ignition changes the 
temperature in the vapor space of the chamber 
and is absorbed by this thermoelectric sensitive 
element. The signal of the element is transmitted to 
the control unit, which opens the power supply of the 
main heater. The heater is switched on soon after 
the ignition spark. If several ignition processes occur 
continuously and sequentially, the heater remains 
open. The heater is switched on after the first spark, 
ie when the ignition process does not occur. Thus, 
the value of the thermodynamic temperature at which 
the analyte is ignited in the chamber, the “air-vapor” 
mixture, is automatically captured. The thermodynamic 
temperature of the analyte in the chamber is measured 
by a thermoelectric sensitive element and the signal 
is received by an electronic potentiometer or a 
normalizing converter. The numerical value obtained 
is an important factor in the implementation and 
management of the chemical process. We can even 
say that the next steps of the chemical process are 
regulated by this numerical value3.

	 The accuracy and precision, as well as 
the consistency of the thermodynamic temperature 
unit are of great importance in the measurements. 
It should be noted that the errors that occur during 
the measurements are within the allowable range. 
When the error interval at the set values is higher 
than the allowable error interval, it is recommended 
to replace or calibrate the temperature measuring 
instruments used during the chemical process.

RESULTS AND DISCUSSION

Accuracy problem and solutions of thermocouples 
used in chemical processes
	 When determining the ignition temperature 
in chemical processes, the temperature change that 

occurs during the reaction of reagents with air is one 
of the most important factors that significantly affect 
the outcome of the chemical process. The effect of 
temperature on the reagent-air exchange during the 
reaction has been demonstrated in both theoretical 
and experimental studies over the years. However, 
the study of temperature changes in reagent-air 
exchange during experimental and theoretical 
studies has been discussed for a long time. Although 
many researchers have noted in the discussions that 
changes in the direction of temperature increase 
during exchange are (TAI>TRI), some researchers 
have taken a different approach and noted that the 
process is reversed (TAI>TRI).

	 In recent years, in all theoretical and 
experimental research on temperature changes 
during reagent-air exchange, thermocouples 
have been preferred to measure ambient 
temperature. When using these measuring 
instruments based on the determination of 
voltage differences, it is necessary to calibrate 
the sensitive element to increase the accuracy 
of the conversion factors between temperature 
and voltage when the device is immersed 
in the environment.  When measur ing the 
temperature of an object with temperature Tf 
when using a thermocouple, the temperature of 
the medium used for calibration at Tf is the same 
as the temperature of the junction where the  
2 different wires are connected. In addition to 
the above-mentioned factor in the measurement 
of ambient temperature during reagent-air 
exchange, two other problems that need to be 
studied are also relevant today. One of them is 
that the relatively large reference point of the 
thermocouple can make it difficult to measure 
the temperature in the surface layer. Another 
problem is the errors that occur during the 
exchange between molecules and the sensitive 
element of the thermocouple due to unforeseen 
effects during the measurement, and during 
the collision of molecules in the direction of 
the reagent-tin-air. These collisions create an 
unequal difference between the reagent and 
the air temperature. The difference is reflected 
in a shorter range within normal environmental 
conditions. It has not yet been investigated 
whether this inequality could be a source of 
uncertainty when the process is likely to take 
place under abnormal environmental conditions4.
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	 The small inclinations that can occur 
during temperature measurements in chemical 
processes depend significantly on the simplification 
and mathematical modeling of the system under 
normal environmental conditions in which the 
measurements are performed. To model this 
system, the thermal equations of thermocouple, 
liquid, and air exchange, as well as the heat and 
molecular displacements in the reagent, must 
be mathematically studied and solved under 
appropriate conditions. The obtained results are 
widely used to assess the role of thermocouples in 
determining surface inclinations during the study of 
temperature differences in reagent-air exchange. 

	 The biggest problem with measuring 
temperature in reagent-air exchange during 
thermocouple temperature measurements in 
chemical processes is to determine the difference 
between the temperature determined by the 
measurement and the actual poplar temperature, 
despite the calibration of the sensitive element that 
measures the temperature of the reagents at Tf. 
Determining this difference is an important nuance, 
especially in the air phase for several reasons. The 
first is the effect of thermocouple performance on 
thermal conductivity through wires. As previously 
shown, the thermal conductivity of all phases 
determines the temperature distribution in liquids 
and solids. Because the thermal conductivity of 
metals is much higher than that of liquids, heat 
can be more easily dissipated through liquids than 
wires, and the temperature of the sensitive element 
can differ significantly from the temperature of the 
surrounding liquid. Another is that the movement 
of molecules under abnormal environmental 
conditions can limit the thermal balance between 
the reagent and the air and lead to a wide range 
of errors during exchange. The latter, during the 
experiments, we observed that the result provided 
by the sensitive element can easily change due to 
the vibrations that can occur during the exchange. 
For this reason, it is more appropriate to maintain 
a small distance between the sensitive element 
and the medium when measuring the interfacial 
temperature during reagent and air exchange. If 
this distance is large, the reagent will stick to the 
sensitive element and cause errors during the 
reaction with air. It should be noted that even if the 
sensitive element does not come into contact with 
the reagent, it can impair the accuracy of the results 

obtained simply by participating in the exchange. 
Taking into account all the factors mentioned, we 
can determine the surface temperature of the 
reagent and air (TRI

sim, TAI
sim) from the simulation5.

	 To determine the effect of thermocouples 
on temperature inclinations during temperature 
measurements in chemical processes, Fig. 2 shows 
a diagram comparing experimentally determined 
inclinations (TAI

eksp-TRI
eksp) and predicted inclinations 

(TAI
sim-TRI

sim). 

Fig. 2. Comparison of experimental and 
predicted temperature inclination

	 It can be seen from the graph that the 
predicted tendencies for all experiments move in 
one direction, ie the predicted tendencies have a 
smaller error than those measured experimentally by 
the thermocouple. The closest ratio to the inclination 
during the exchange (assuming σT=1) is 0,681. This 
correlation means that temperature inclinations are 
overestimated by at least 33,0% due to errors in the 
thermocouple during reagent-air exchange, and that 
the theoretical inclination results should be 68,1% 
of those measured in experiments. The comparative 
energy placement coefficient we have described is 
based on the results of the exchange, assuming that 
σT is equal to 1. This result is also the most important 
nuance that ensures that the molecules are reflected 
in a completely diffuse manner in the surface layer6.

	 As σT decreases during exchange, the 
temperature obtained from the measurement differs 
in a wider range from the temperature inclination 
measured experimentally with the thermocouple. We 
can determine the modeled temperature inclination 
when the sensitive element of the thermocouple is 
5,5mm above the center point of the exchange. In 
the presented graph, the range of the largest point 
of the simulated temperature inclination is shown 
in green, and the range of the smallest point is 
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shown in purple, as the error lines vary between 
0,5 and 30,0mm around the exchange area of the 
thermocouple. Here, the minimum and maximum 
points of the installed lines for x=σT are 0,634 and 
0,708, respectively, and for σT=0,719 are 0,441 and 
0,512, respectively7.

	 While the modeled interfacial temperatures 
(TAI

sim) in reagent-air exchange play an important role 
in the speculative reflection of air molecules (σT<1), the 
thermocouple (TAI

eksp) goes far beyond the temperature 
predicted in the experimental study. From the 
presented graph, it can be seen that as σT decreases 
from 1,000 to 0,725, the inclinations that occur during 
the simulation of the exchange become smaller, which 
makes the sensitive element more receptive to the 
ambient temperature. In this case, smaller values of 
temperature inclinations can be balanced by adding σT. 
The smallest area in each part mentioned here varies 
according to the farthest distance (≈30,0mm) from the 
exchange center of the thermocouple8.

	 It is clear from the research that the 

thermocouple cannot read the inter facia l 
temperatures with full accuracy during air-
reagent exchange. This is because environmental 
factors that can affect the measurement result, 
errors in the method, incompetence of the 
staff and defects in the equipment can lead to 
incorrect estimates of the measurement result 
and deviations within a certain range. Therefore, 
it is necessary to determine whether the current 
propensity of thermodynamic temperatures 
predicted from modeling is consistent with 
CTG, NET and SRT. It has previously been 
shown that the expression NET is not related 
to the interfacial temperature during reagent-
air exchange. The comparison of the results 
obtained from numerical modeling, taking into 
account the temperature inclination coefficients 
predicted by the CTG and al l  the factors 
(especially atmospheric pressure) influencing 
it, is described in Table 1 below. As noted in 
the table, the temperature trends studied are  
still many times greater than those calculated 
from the CTG9.

Table 1: A comparison between the inclination estimated by the experimental and simulated CTG

Exp no	 PA
exp(Pa)	 Experimental inclination (oC)	 σT=1,000	 σT=0,725	 Inclination estimated by CTG (oC)

     1	 461,0 ± 12,5	 1,79	 1,41	 0,93	 0,08
     2	 469,5 ± 12,5	 3,68	 2,79	 2,12	 0,21
     3	 472,4 ± 12,5	 6,92	 6,41	 3,18	 0,42
     4	 469,2 ± 12,5	 10,59	 9,22	 6,65	 0,65
     5	 414,0 ± 12,5	 9,95	 7,03	 5,98	 0,51
     6	 406,0 ± 12,5	 19,82	 12,64	 8,53	 0,78
     7	 208,7 ± 12,5	 28,13	 18,95	 13,24	 1,51

	 In the study, we followed the procedure 
shown in the formulas to assess the compatibility 
of SRT with normalized temperatures in the 
direction of reagent-air exchange, and used 
the predicted values of interfacial temperatures 
(TRI

sim, TAI
sim) and local flow (m″

0) to predict 

environmental conditions. As shown in Table 2, 
only small changes in SRT-calculated pressures 
were observed during the study, and all abnormal 
environmental conditions, even atmospheric 
pressure values, fell within the experimental 
uncertainty of the measuring instrument10,11.

Table 2: Estimated pressures of simulated surface temperatures with corrected 
and uncorrected SRT

Exp no	 PA
exp(Pa)	 PA

SRT(Pa)(No correction)	 PA
SRT(Pa)(After correction)

     1	 461,0 ± 12,5	 462,4	 475,5
     2	 469,5 ± 12,5	 473,1	 479,1
     3	 472,4 ± 12,5	 471,0	 465,8
     4	 469,2 ± 12,5	 475,3	 473,1
     5	 414,0 ± 12,5	 560,3	 471,7
     6	 406,0 ± 12,5	 586,3	 573,8
     7	 208,7 ± 12,5	 294,2	 280,3
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Table 3: Three selected experimental conditions close to the evaporating drop

Exp no	 TA
tc (oC)	 TB (oC)	 ra (mm)	 rD (mm)	 rB (mm)	 TA

İ (oC)	 TR
İ (oC)	 Temperature

								        inclination report
								        Tİ

A-Tİ
R(oC)

    1	 25,65	 25,32	 5,95	 0,71	 26,00	 23,56	 22,20	 1,36
    2	 25,63	 25,00	 5,63	 0,82	 26,00	 23,64	 23,09	 0,55
    3	 25,59	 25,00	 5,18	 0,60	 26,00	 23,52	 23,01	 0,51

Reduction of errors in thermocouple measurements
	 As mentioned, the main reason for the 
numerical evaluation of thermodynamic temperature 
measurements by thermocouples in chemical-
technological processes is to minimize errors in 
thermodynamic temperature measurements by 
thermocouples. A graphical representation is shown 
in Fig. 3 to better understand the procedure for 
solving the problem posed during the research. 
The research used an innovative method to 
find the appropriate TRI

sim and TAI
sim values for 

each experiment. In modeling the solution of the 
problem, TRI

eksp and TAI
eksp temperatures based 

on real experience were used to calculate the 
interfacial temperatures in the reagent-air exchange 
corresponding to each simulation12-15.

Fig. 3. Simulation dependence when measuring 
thermocouple interfacial temperatures

	 When the thermocouple was in a liquid, it 
was necessary to calculate TRI

sim through TAI
sim, since 

the unwetted part of the thermocouple exchanged 
heat with steam. Therefore, it began with the discovery 
of an iterative solution TAI

sim, which is considered an 
important condition for performing a mathematical 
evaluation. In steam, the edge of the roller is up 
to 5,5mm close to the interface so that the roller is 
18,0mm above the central interface. For simulation, 
the thermocouple in the reagent is assumed to be 
at the same distance from the exchange site. In this 
case, the initial value for TAI

sim was taken and TAI
eksp 

was changed until the experimentally measured 
temperature in the air was equal16-19.

	 The thermocouple was then moved 
3,5mm above the area where the experimental 
temperature was known, and the temperature at 
the upper boundary was changed until the value 
of Tout was equal to the experimental value at 3,5 
mm of the temperature of the sensitive element. 
The thermocouple was moved back and forth 
between these two reference points. The TAI

sim 
and Tout values were updated repeatedly for each 
simulation until no additional change was observed 
in TAI

sim and Tout. In this case, TAI
sim was taken as the 

interfacial temperature by the air. During the study, 
calculated air temperatures were used to find TRI

sim, 
and TRI

sim was found in a repetitive form, similar to 
air temperatures20-21.

CONCLUSION

	 During the research, the behavior of 
the thermocouple measuring the interfacial 
temperatures in the reagent-air exchange was 
mathematically studied. During the study, density 
and temperature distribution in liquids, as well 
as air temperature distribution were observed 
using the appropriate density and reagent-air 
temperature inclination conditions. The final 
temperature effect of thermal conductivity and 
thinning of molecules using electrically conductive 
wires was taken into account. The reagent and 
the interfacial temperatures in the air were found 
to be innovative from the simulation. The results 
showed that the result of the thermocouple 
reading of the interfacial temperature in the 
reagent is very close to the surface temperature 
of the reagent. Thermocouple readings in the air 
mutually confirmed the results of the exchange 
temperatures due to heat transfer to the junction 
point via thermocouple wires, inaccessibility of 
simulation due to experimental limitations, and 
thinning of molecules. Finally, the corrected  
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and simulated temperatures were applied to the 
SRT expression.
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