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Abstract. Thermocouple thermometers are widely used in laboratories and industry, the ice-water 
mixture is usually used as cold end compensation for thermocouple thermometer measurement. 
However, the ice-water mixture has disadvantages, such as complex manufacturing process, short 
use time, and unstable internal temperature field. The zero-temperature thermostat can replace the 
traditional ice water mixture to provide a stable temperature field environment. However, there is 
no suitable measurement method that can evaluate the zero-degree thermostat to meet the 
measurement requirements of thermocouple thermometer. Therefore, comparative experiments on 
temperature deviation, volatility, axial temperature field uniformity, radial temperature field 
uniformity, and load characteristics of the ice-water mixture and the zero-temperature thermostat 
are evaluated. In addition, the uncertainty of the zero-temperature thermostat and the ice water 
mixture is also proposed. The results reveal that the measurement results of temperature deviation, 
volatility, axial temperature field uniformity and load characteristic of the zero-temperature 
thermostat is smaller than that of the ice water mixture. Meanwhile, the uncertainty results also 
reveal that the zero-temperature thermostat is more stable than the ice water mixture. This study 
provides a comprehensive method for evaluating the performance of zero temperature thermostats, 
which can be used to verify the accuracy of the instrument and ensures the reliability of the 
thermocouple thermometers measurement, and promotes the development of zero temperature 
thermostat in temperature measurement field. 
Keywords: temperature deviation, comparative experiments, temperature measurement, 
thermocouple thermometer measurement. 

1. Introduction 

Thermocouple thermometers are widely used for temperature measurement in laboratories or 
industrial sites. Because it has the advantages of high precision, fast response, large measuring 
range, high mechanical strength, long service life and easy installation, it is a commonly used high 
precision temperature measuring instrument [1-3]. According to the principle of thermocouple 
thermometer measurement, cold end compensation is required for temperature measurement 
during operation. This is not only an important factor limiting the maximum allowable error of 
high-precision thermocouple measurement, but also a major source of measured error [4-6]. In 
daily work, when measuring temperature precisely with a thermocouple, cold end compensation 
must be kept at a constant temperature. A dewar bottle containing a mixture of ice water is usually 
used to keep the temperature at 0 °C [7-9]. The method is very convenient and cheap. However, 
this method will cause a large error in the thermocouple measurement. The cold end compensation 
of the thermocouple will radiate heat with the external environment and the cold end compensation 
temperature cannot be kept constant. The dewar bottle must be replenished with ice regularly, 
which brings inconvenience to the work. This does not automate the measurement process and 
requires a special refrigerator for making ice [10-12]. In addition, the preparation of ice water 
mixture has certain requirements on the purity of water, thermal insulation equipment and 
production methods [13-14]. With the change of ambient temperature and the increase in use time, 
the temperature of the ice water mixture does not remain at 0 degrees Celsius, and the temperature 
of the ice water mixture needs to be detected at any time, which is very inconvenient in the actual 
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use process. 
Although some researchers have tried to solve the above problem. For example, Daniels [15] 

proposed a polynomial fitting correction method for steady-state temperature measurement. De 
[16] obtained a formula correction method suitable for steady-state measurement. Kapulla and 
Paranjape [17-18] evaluated the radiation error of the thermocouple over a certain temperature 
range during the OECD/NEA HYMERES-2 process. Researchers have basically studied the 
measurement methods and error compensation of thermocouples, but they have not solved the 
actual problem. 

Under the background mentioned above, the advent of zero temperature thermostats seems to 
solve above problems. Zero-degree thermostat is a portable equipment that provides stable and 
accurate zero degrees Celsius for temperature measurement [19-21]. Zero-degree thermostat 
adopts semiconductor refrigeration technology, heat pipe technology and configuration of an 
intelligent digital regulator, which has the characteristics of stable working temperature, uniform 
temperature field and easy to use [22]. Zero temperature thermostat eliminates the complicated 
process of making ice water mixture, and displaying the temperature of each hole in real time, 
which can replace the traditional ice water mixture to provide a stable cold end temperature and 
convenience for thermocouple thermometer measurement [23-25]. However, the method to assess 
whether zero-degree thermostat can replace ice water mixtures as cold end compensation for 
thermocouple measurement have not been investigated. 

Therefore, a method to evaluate the performance of a zero-degree thermostat is proposed in 
this paper. Temperature deviation, volatility, axial temperature difference, radial temperature 
difference and load characteristic are analyzed to verify the performance requirements of the 
zero-degree thermostat. In order to verify the validity of the results, the ice-water mixture is also 
used as a comparison in the experimental study. Measurement uncertainty is also introduced to 
verify the reliability of the results. This study provides technical support and evaluation method 
for the confirmation of the performance of the zero thermostats. This study ensures the accuracy 
of the quantity value of the zero-temperature thermostat and promotes the accuracy of the 
measurement of the thermocouple thermometer. 

2. Method 

In this study, the performance of the zero-temperature thermostat is verified by detailed tests 
of temperature deviation characteristics, temperature fluctuation characteristics, temperature 
difference characteristics between holes, axial temperature field uniformity characteristics, and 
load characteristics. The same experiment is carried out as a comparison for the ice-water mixture. 
The ambient temperature of laboratory is 20 ℃ and the humidity is 70 % RH. The technical 
parameters of the standard device and supporting equipment used for the experiment are shown 
in Table 1 and Fig. 1. 

Table 1. Measurement equipment 

Number Device Temperature measurement 
range Application 

1 Standard platinum 
resistance thermometer (–189.3442-+419.527) ℃ Measurement standard 

2 Industrial platinum 
resistance thermometer (–50-+400)℃ As reference for measurement 

3 Electrical measurement 
instrument 

Accuracy level < 0.02, 
resolution < 0.1 m Ω 

Measure the resistance value of a 
standard platinum resistance thermometer 

4 Multi-point conversion 
switch Contact emf ≤ 1.0 µV A four-point switch that measures the 

resistance 

Before the test, turn on the zero-temperature thermostat and ice-water mixture for 20 minutes 
to keep it in a stable working state. The standard platinum resistance thermometer and the 
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industrial platinum resistance thermometer are simultaneously inserted into the zero-temperature 
thermostat and ice-water mixture. A platinum resistance thermometer is measured using a mixture 
of ice water and a zero-temperature thermostat to measure the temperature of zero degrees Celsius. 

 
Fig. 1. Measurement equipment 

2.1. Temperature deviation measurement method 

Insert standard platinum resistance thermometers and industrial platinum resistance 
thermometers into the bottom of the center hole of a zero-degree thermostat or into a mixture of 
ice water to stabilize for 20 minutes. The temperature values of standard platinum resistance 
thermometers and industrial platinum resistance thermometers are recorded in the 
zero-temperature thermostat and the ice water mixture, respectively, the recording time is not less 
than 10 min, and the measurement speed is once per minute. A total of 10 measurements are taken, 
and the difference between the average of two platinum resistance thermometers and zero degrees 
Celsius is used as the temperature deviation. The analysis formula is shown as follows: Δ𝑡 = Δ𝑡 + Δ𝑡2 − 0, (1)

where Δ𝑡  indicates the measured value of standard platinum resistance; Δ𝑡  is the measured value 
of industrial platinum resistance. 

2.2. Measurement of temperature fluctuation 

Insert a standard platinum resistance thermometer into the bottom of the center hole of the 
zero-temperature thermostat or the ice water mixture. After stabilizing for 20 minutes, measure 
the standard platinum resistance thermometer every 3 minutes for a total of 10 measurements. 
Take half of the difference between the maximum and minimum measured values as the 
temperature fluctuation of the zero-temperature thermostat or the ice water mixture, shown as 
follows: Δ𝑡 = Δ𝑡 − Δ𝑡2 , (2)

where Δ𝑡  is the maximum temperature; Δ𝑡  is the minimum temperature. 

2.3. Radial temperature field uniformity 

In order to reduce the effect of temperature drift over time, industrial platinum resistance 
thermometers and standard platinum resistance thermometers are inserted into the hole to 
eliminate the effect of temperature drift. The maximum temperature deviation is measured on the 
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different holes of zero-degree thermostat. First, the two thermometers of A and B are inserted into 
the two measured holes of #a and #b, shown as in Fig. 2, the temperature values of 𝑡  and 𝑡  
are recorded at the first time. Continue, exchange the location of reference thermometers of A and 
B, meaning thermometer A is inserted into hole #b and thermometer B is inserted into hole #a. 
After the temperature stabilized again, the temperature values of 𝑡  and 𝑡  corresponding to 
the two thermometers are recorded. Repeat the above procedure for 2 times, a total of four 
measurements are made. 

The temperature difference between the holes-𝑡  can be expressed as follows: 

𝑡 = 𝑡 + 𝑡 + 𝑡 + 𝑡 ― 𝑡 + 𝑡 + 𝑡 + 𝑡4 . (3)

 
Fig. 2. The two measured holes of #a and #b 

2.4. Axial temperature-field uniformity 

Insert a standard platinum resistance thermometer into the bottom of the hole, after the value 
is stable, record the indicating value of zero-degree thermostat or Ice-water mixture 𝑡 ; 

Raise the standard platinum resistance thermometer up to 20 mm, start timing, 10 minutes 
later, record the indicating value 𝑡 ; 

Raise the standard platinum resistance thermometer up to 40 mm, start timing, 10 minutes 
later, record the indicating value 𝑡 ; 

Raise the standard platinum resistance thermometer up to 60 mm, start timing, 10 minutes 
later, record the indicating value 𝑡 ; 

The difference between the maximum and minimum values in 𝑡 , 𝑡 , 𝑡 , 𝑡  is the axial 
uniformity value, calculated it according to Eq. (4): Δ𝑇 = 𝑇 − 𝑇 , (4)

where 𝑇  is temperature at the bottom of the zero-degree thermostat; 𝑇  is temperature 
value located 60mm from the bottom of the zero-temperature thermostat. 

2.5. Load characteristic 

Insert a standard platinum resistance thermometer into the hole of the zero-degree thermostat 
and make sure it touches the bottom of the measuring hole, and when the temperature reaches a 
stable level, record the measurement value of the platinum resistance thermometer as 𝑇 . Then, 
the remaining holes are inserted into the industrial platinum resistance thermometers, and record 
the measurements of a standard platinum resistance thermometer at this time, as 𝑇 . According 
to Eq. (5), load characteristic is calculated as shown in Eq. (5):  Δ𝑇 = 𝑇 − 𝑇 , (5)

where 𝑇  is the temperature value when all holes are filled with platinum resistance 
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temperatures; 𝑇  is the temperature value when only one platinum resistance thermometer is 
inserted into the hole. 

In order to verify the performance of the zero-temperature thermostat, a comparison 
experiment is also done by using a mixture of ice water. 

2.6. Uncertainty analysis 

The model of the temperature deviation for the zero-temperature thermostat and the ice-water 
mixture is shown in Eq. (6): Δ𝑡 = 𝑡 − 𝑡 + 𝛿𝑡 + 𝛿𝑡 + 𝛿𝑡 + 𝛿𝑡 + 𝛿𝑡 + 𝛿𝑡 + 𝛿𝑡 , (6)

where, Δ𝑡, 𝑡  and 𝑡  are the temperature indication value, the display temperature and the hole 
temperature of the zero temperature thermostat and ice-water mixture. 

The meaning of 𝛿𝑡 , 𝛿𝑡 , 𝛿𝑡 , 𝛿𝑡 , 𝛿𝑡 , 𝛿𝑡  and 𝛿𝑡  can be explained in Table 2. 

Table 2. The uncertainty components for the measurement  
Symbol Uncertainty The cause of error uncertainty 𝛿𝑡  The effect of resistance 

measurement 
Resistance error caused by electrical measuring 

equipment 𝛿𝑡  Temperature drift Temperature drift due to aging of standard platinum 
resistors 𝛿𝑡  Resolution Resolution uncertainty of zero temperature thermostat 

or ice water mixture 𝛿𝑡  Temperature difference between 
holes Uncertainty of temperature difference between holes 𝛿𝑡  Axial temperature uniformity Uncertainty of axial temperature uniformity 𝛿𝑡  Temperature instability Uncertainty of temperature instability 𝛿𝑡  The effect of maximum load 

characteristics 
The uncertainty of the influence of the maximum load 

characteristics 

Table 2 illustrates the uncertainty components for the measurement of the zero temperature 
thermostat and the ice-water mixture. Based on the uncertainty components in Table 2, the 
uncertainty of measurement can be expressed as follows: 

𝑢 (Δ𝑡) = 𝑢 (𝑦) = 𝑐 𝑢 (𝑡 ), (7)

where, 𝑐  represents the sensitivity coefficient for each uncertainty component. According to 
Eq. (7), the uncertainty of measurement can be solved. 

3. Results 

The purpose of the zero-temperature thermostat is to replace the ice water mixture as the 
temperature measurement at the cold end of the thermocouple. In order to verify the performance 
of the zero-temperature thermostat, various comparative experiments such as temperature 
deviation, temperature fluctuation, radial temperature uniformity, axial temperature uniformity, 
and load characteristics are performed using the ice water mixture. 

3.1. The results of temperature deviation 

The deviation measurements of the zero-temperature thermostat and the ice water mixture at 
zero degrees Celsius are shown in Table 3, the results of temperature deviation can be shown as 
Table 3. 
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Table 3. Results of the temperature deviation for zero temperature thermostat and ice water mixture 
Number 1 2 3 4 5 6 7 8 9 10 

Temperature deviation  
of zero temperature thermostat 

0.111  
℃ 

0.113  
℃ 

0.118  
℃ 

0.115  
℃ 

0.103  
℃ 

0.114  
℃ 

0.112  
℃ 

0.107  
℃ 

0.099  
℃ 

0.094  
℃ 

Temperature deviation  
of Ice-water mixture 

0.201  
℃ 

0.192  
℃ 

0.211  
℃ 

0.185  
℃ 

0.196  
℃ 

0.176  
℃ 

0.192  
℃ 

0.179  
℃ 

0.182  
℃ 

0.211  
℃ 

Fig. 3 shows the results of temperature deviation for the zero-temperature thermostat and the 
ice water mixture. As shown in Table 2 and Fig. 3, it presents a state of ups and downs in 10 
measurements, the temperature deviation of the ice-water mixture is significantly greater than that 
of the zero-temperature thermostat, At zero degrees Celsius, the temperature deviation of the zero 
degree thermostat is almost maintained at 0.1 ℃, and the temperature deviation of the ice-water 
mixture is almost maintained at 0.2 ℃. The temperature deviation result indicates that the 
zero-temperature thermostat has a smaller temperature deviation than that of the ice-water 
mixture, which meaning zero thermostat has higher accuracy than ice water mixture. 

 
Fig. 3. Temperature deviation 

3.2. The results of temperature fluctuation 

The temperature fluctuation of zero temperature thermostat and ice water mixture can be 
expressed as Table 4. 

It can be shown that the temperature fluctuation results of the zero-temperature thermostat and 
the ice water mixture from Table 3 and Fig. 4. The temperature fluctuation of the zero-temperature 
thermostat and the ice-water mixture is relatively stable, and there is no big change in the test 
results of 10 times. The temperature fluctuation of the zero-temperature thermostat is basically 
maintained at about 0.1 ℃. However, the temperature fluctuation of the ice-water mixture remains 
stable at 0.2 ℃. Compared with the fluctuation of the ice-water mixture, the fluctuation of the 
zero-temperature thermostat is much smaller than that of the ice-water mixture, which indicates 
that the fluctuation of the zero-temperature thermostat is more stable and less susceptible to the 
external environment. 

Table 4. Results of the temperature fluctuation for zero temperature thermostat and ice water mixture 
Number 1 2 3 4 5 6 7 8 9 10 

Temperature fluctuation 
of zero temperature thermostat 

0.109 
℃ 

0.102 
℃ 

0.112 
℃ 

0.108 
℃ 

0.106 
℃ 

0.104 
℃ 

0.110 
℃ 

0.107 
℃ 

0.105 
℃ 

0.111 
℃ 

Temperature fluctuation 
of Ice-water mixture 

0.202 
℃ 

0.212 
℃ 

0.201 
℃ 

0.198 
℃ 

0.204 
℃ 

0.214 
℃ 

0.203 
℃ 

0.206 
℃ 

0.214 
℃ 

0.216 
℃ 
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Fig. 4. Temperature fluctuation of zero temperature thermostat and ice water mixture 

3.3. The results of the radial temperature field uniformity 

The radial temperature uniformity results of the zero-temperature thermostat and the ice-water 
mixture can be shown in Table 5 and Fig. 5, the radial temperature uniformity of the 
zero-temperature thermostat is maintained at 0.031 ℃ while the radial temperature field 
uniformity of the ice-water mixture is 0.047 ℃. Because the internal temperature field of the ice-
water mixture is not uniform, and with the change of measurement time, the internal temperature 
of the ice-water mixture changes. Because the internal temperature field of the ice-water mixture 
is not uniform, and with the change of measurement time, the internal temperature of the ice-water 
mixture changes, which leads to the greater uniformity of the radial temperature field of the ice-
water mixture. 

Table 5. Results of the radial temperature field uniformity 
Adial temperature  
field uniformity 𝑡  𝑡  𝑡  𝑡  𝑡  𝑡  𝑡  𝑡  

Zero temperature  
thermostat 0.116 ℃ 0.123 ℃ 0.121 ℃ 0.113 ℃ 0.100 ℃ 0.117 ℃ 0.120 ℃ 0.105 ℃ 

Ice-water mixture 0.216 ℃ 0.198 ℃ 0.211 ℃ 0.221 ℃ 0.196 ℃ 0.204 ℃ 0.195 ℃ 0.204 ℃ 

 
Fig. 5. Results of the radial temperature field uniformity 

3.4. The results of the axial temperature-field uniformity 

As can be seen from Table 6 and Fig. 6, at the zero temperature measuring point, it is obvious 
that at measuring point of zero degrees Celsius, the axial deviation of the ice-water mixture is also 
large, can be reach at 0.025 ℃, while the axial uniformity of the zero temperature thermostat is 
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better, maintaining at 0.014 ℃.This indicates that the axial temperature field inside the zero 
temperature thermostat is more uniform than that of the ice-water mixture. As can be seen from 
Table 5, the deeper the platinum resistance thermometer is inserted into the hole, the greater the 
measurement value can be obtained. This result means that the closer you get to the bottom of the 
zero-temperature thermostat, the more accurate the measurement is. 

Table 6. Results of the axial temperature field uniformity 
Axial temperature-field uniformity tbottom t20 t40 t60 

Zero temperature thermostat 0.119 ℃ 0.116 ℃ 0.111 ℃ 0.105 ℃ 
Ice-water mixture 0.221 ℃ 0.211 ℃ 0.202 ℃ 0.196 ℃ 

 
Fig. 6. Results of the axial temperature field uniformity 

3.5. The results of load characteristic 

The load characteristics of the zero-temperature thermostat and the ice water mixture can be 
shown as shown in Table 7. When the holes of zero temperature thermostat and ice water mixture 
are filled with standard platinum resistance thermometer. Compared with the case of only inserting 
a platinum resistance thermometer, the measurement value of the thermometer at this time is 
significantly reduced. Similar to the above results, the load characteristic of the zero-temperature 
thermostat is 0.009 ℃, which is better than that of 0.014 ℃ for the ice water mixture. 

Table 7. Results of the load characteristic 
Load characteristic 𝑇  𝑇  Δ𝑇  

Zero temperature thermostat 0.102 ℃ 0.111 ℃ 0.009 ℃ 
Ice-water mixture 0.198 ℃ 0.212 ℃ 0.014 ℃ 

3.6. Evaluation of measurement uncertainty 

In order to verify the reliability of the method for evaluating the zero-temperature thermostat 
and analyze its accuracy, the measurement uncertainty of the zero temperature thermostat and the 
ice-water mixture are compared as follows: 

The uncertainty components of the zero-temperature thermostat and the ice water mixture can 
be shown in Table 2. The measurement uncertainty component of the zero-degree thermostat can 
be shown in Table 8. 

The uncertainty component of the ice-water mixture can be shown in Table 9. 
According to Table 8, the synthetic uncertainty of zero temperature thermostat can be obtained 

as follows: 

𝑢 (Δ𝑡) = 𝑢 (𝑦) = 𝑐 𝑢 (𝑡 ) = 0.01 + 5 × 0.006 + 0.003 = 0.017 ℃. (8)
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When 𝑘 is 2, the extended uncertainty of zero temperature thermostat can be obtained as 
follows: 𝑈 = 𝑘 × 𝑢 (Δ𝑡) = 2 × 0.017 ℃ = 0.034 ℃. (9)

According to Table 9, the synthetic uncertainty of ice-water mixture can be obtained as 
follows: 

𝑢 (Δ𝑡) = 𝑢 (𝑦) = 𝑐 𝑢 (𝑡 ) = 0.015 + 0.006 + 0.004 + 4 × 0.007= 0.022 ℃. (10)

Similarly, the extended uncertainty of ice water mixture can be expressed as follows: 𝑈 = 𝑘 × 𝑢 (Δ𝑡) = 2 × 0.022 ℃ = 0.044 ℃. (11)

Compare the extended uncertainties of the zero-temperature thermostat and the ice water 
mixture as follows: 𝑈 = 0.034 ℃ < 𝑈 = 0.44 ℃. (12)

Based on the results of the measurements in Table 8 and Table 9. The extended uncertainties 
of the zero-temperature thermostat and the ice-water mixture are 0.034 ℃ and 0.044 ℃, 
respectively, which shows the uncertainty of the zero-temperature thermostat is 0.01 ℃ less than 
that of the ice water mixture. This means that the temperature measurement accuracy of the 
zero-degree thermostat is better than that of the zero-degree thermostat. This means that the 
measurement reliability of zero temperature thermostat is higher than that of ice water mixture, 
which indicates that the zero-temperature thermostat can replace the ice-water mixture for the 
measurement of thermocouple thermometers. 

Table 8. The uncertainty component of the zero-degree thermostat  
Uncertainty 
component 

Standard uncertainty 𝑢(𝑥 ) / ℃ 
Probability 
distribution 

Sensitivity 
coefficient |𝑐 | Uncertainty component 𝑢 (𝑦) / °C 𝛿𝑡  0.01 Normality 1.0 0.01 𝛿𝑡  0.006 Uniform 1.0 0.006 𝛿𝑡  0.003 Uniform 1.0 0.003 𝛿𝑡  0.006 Uniform 1.0 0.006 𝛿𝑡  0.006 Uniform 1.0 0.006 𝛿𝑡  0.006 Uniform 1.0 0.006 𝛿𝑡  0.006 Uniform 1.0 0.006 

Table 9. The uncertainty component of the ice-water mixture 
Uncertainty 
component 

Standard uncertainty 𝑢(𝑥 ) / ℃ 
Probability 
distribution 

Sensitivity 
coefficient |𝑐 | Uncertainty component 𝑢 (𝑦) / °C 𝛿𝑡  0.015 Normality 1.0 0.015 𝛿𝑡  0.006 Uniform 1.0 0.006 𝛿𝑡  0.004 Uniform 1.0 0.004 𝛿𝑡  0.007 Uniform 1.0 0.007 𝛿𝑡  0.007 Uniform 1.0 0.007 𝛿𝑡  0.007 Uniform 1.0 0.007 𝛿𝑡  0.007 Uniform 1.0 0.007 
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4. Conclusions 

With the wide application of thermocouple thermometers in various fields, thermocouple 
thermometers generally require ice-water mixture to compensate the cold end. However, the 
process of making the ice-water mixture is very complicated, so the generation of the 
zero-temperature thermostat can effectively replace the ice-water mixture. Therefore, a method 
for evaluating the performance of a zero-temperature thermostat is proposed. A variety of its 
characteristics such as temperature deviation, volatility, axial temperature difference, radial 
temperature difference and load characteristics are studied. In addition, ice water mixture is used 
as a comparison to verify the performance of the zero-temperature thermostat. The experimental 
results show that the various performance characteristics of the zero-temperature thermostat are 
better than that of the ice water mixture. This means that when measuring with a zero-temperature 
thermostat as the cold end of a thermocouple thermometer, the measurement results will be more 
stable and will produce less error. Similarly, the uncertainty results of zero temperature thermostat 
is also less than that of ice-water mixture. The experimental results show that the zero-temperature 
thermostat can completely replace the ice-water mixture as the cold end compensation of the 
thermocouple thermometer. This study provides a method for evaluating the characteristics of the 
zero-degree thermostat, which proves that the zero-temperature thermostat can successfully 
replace the traditional ice water mixture, thus saving costs and improving measurement efficiency. 
Meanwhile, the research in this paper also has certain limitations. The measurement results of zero 
temperature thermostat will be greatly affected by different environments, so it is very important 
to study the influence of ambient temperature on the accuracy of zero temperature thermostat for 
temperature measurement in the future. 
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