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Abstract. Based on the periodic unsteady state heat conduction theory, a new
measurement system of reducing temperature fluctuation of thermostat bath
was developed in order to obtain a liquid environment with uniform and
constant temperature controlled for the measurement requirements of
calibrating thermocouple. The experimental results show that the temperature
stability in this measurement system is superior to that in traditional system.
The measurement system had the advantage of calibrating multipoint
thermocouple at the same time and completing the data acquisition and control
automatically.
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1 Introduction

Low-temperature thermostat bath is essential laboratory equipment in food,
biological, chemical scientific research and industrial applications[1]. It is mainly
used to provide liquid controlled environment with uniform and constant temperature.
It can be used as heating or cooling source or secondary heating or cooling source [2-3].
It is often used as thermocouple calibration equipment in the measurement of food
thermal properties. So the performance of low-temperature thermostat bath have a
directly impact on the reliability and accuracy of thermocouple calibrating [4].
However, there is a defect of bigger temperature fluctuations and consistent unsteady
temperature in moderate low-temperature thermostat bath because the temperature of
liquid in thermostat bath is affected by compression engine running and fluid
convection heat transfer. As a result, it is difficult to get high precision of temperature
calibration of thermocouple which is put in the liquid[5-8]. Especially in the process
of calibrating multiple thermocouples at the same time, multipoint stable temperature
environment is essential. To solve these problems, on the basis of the traditional
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thermostat bath, a new measurement system of reducing temperature fluctuation of
thermostat bath was developed and T-type thermocouple temperature calibration
value had been analyzed.

2 Principle

Based on the Seebeck effect, temperature was measured by thermocouples[9]. To
reduce errors of temperature measurement system, the temperature dividing should be
calibrated due to different thermocouples materials which would cause difference of
thermoelectric properties and allowable deviation [7]. The temperature deviation
would be revised according to the measured temperature value of standard
thermometer and thermocouple in the same liquid environment with uniform and
constant temperature controlled which is provided by low-temperature thermostat
bath. The thermocouples and standard thermometer are directly put into a low-
temperature thermostat bath. But the inner liquid would produce cyclical fluctuations
of heating and cooling and then it would pass to measured surface. The reason is that
temperature control is achieved by means of hot and cold offset.

According to the theory of heat transfer[10] , the measured object can be considered
as a homogeneous semi-infinite body. The temperature field in boundary conditions
of periodic change for semi-infinite homogeneous object, can be descripted by non-
steady-state heat conduction differential equation [11] :
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The boundary conditions can be considered to be a harmonic. Then the temperature
changes in the surface of object can be obtained as cosine function:

0=4, cosz—ﬁr
T
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By separation of variables method, equation ( 1 ) ( 2 ) can be integrated and the
internal temperature distribution of object is as follow:

0(x,7) = A, exp(—x a—”T) cos(%”r —x a—”T) )

Where ?is object temperature (K), 7 is heating time (s), & is thermal diffusion
coefficient (mz/s), X is distance from the surface(m), € is instantaneous surplus
temperature on the surface of the object(K), @(x,7) is instantaneous surplus

temperature inside the object(K), AW is temperature fluctuation on the surface(K),

T is the cycle of wave period (s).
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By equation ( 2 ) and ( 3 ), the surface temperature and the internal temperature will
be periodic changes over time. But the fluctuation amplitudes of internal temperature
is less than that of surface temperature. Meanwhile, the amplitude decreases greatly
with increase of x. The extent of the amplitude attenuation can be expressed:

/ T
v =exp(—x E) @)

It shows that internal wave amplitude decreases with the deepening of the temperature
wave. It is one of the important characteristics of periodic heat conduction. That is to
say, the temperature wave amplitude increases gradually as the surface distance
attenuation. From the theory, reducing the test ambient temperature fluctuation degree
can ensure a liquid environment with uniform and constant temperature controlled.

3 Test System and Method

3.1  Test System

As shown in Figure 1, thermocouple calibration measurement system is based on the
above principles. The test device includes low-temperature thermostat bath,
temperature balance outer pipe, temperature balance inner pipe, blender, insulation
cover, insulated container, standard platinum resistance, thermocouple, data
acquisition device and computer.
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Fig. 1. Schematic diagram of measurement system

1. Heating tuber 2. Thermostat bath 3. Insulation layer 4. insulation cover 5. Outer pipe
insulation cover 6. Thermocouple 7. Standard platinum resistance 8. Data acquisition device
9. Computer 10. Blender 11. Balance outer pipe 12. balance inner pipe 13. Insulated container
14. Ice-water mixture 15. Heat transfer oil

The outer pipe and inner pipe of temperature balance are located in the thermostat
bath. Flowing medium level within thermostat bath is above temperature balance
outer pipe. Flowing medium level within temperature balance outer pipe is higher
than temperature balance inner pipe. An anti-mutual contact device is set between two
pipes and make inner pipe fix in the middle of outer pipe. The anti- mutual contact
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device is not touched the bottom and sides wall of temperature balance outside tube.
A supporting insulation cover is used on the outer pipe and inner pipe of temperature
balance. A calibrated standard platinum resistance thermometer and several groups of
non- touching thermocouples were put in the temperature balance inner pipe at the
same time. Platinum resistance thermometer and thermocouples fixed by stents
located in the inner pipe nozzle, and not touched bottom and sides wall of temperature
balance pipe. Then temperature data of standard platinum resistance thermometer and
thermocouples were collected and transferred to computer by FLUKE data acquisition
instrument.

3.2 Standard Test Method

DC2006 low-temperature thermostat bath was used for this work. The flume
dimension was length 250mm, width 200 and depth 200mm. The temperature range
was 20-95°C. With water as a working fluid, the heating system is made of L Type
stainless steel heating pipe. The heating end was at the bottom of thermostat bath. The
evaporator in refrigeration system was made of copper pipe, which was placed
directly in the sink in order to increase the cooling rate. T copper-constantan
thermocouples with diameter 0.5mm were selected. The reference terminals were
immersed in transformer oil surrounded by ice-water mixture. The temperature
balance pipes were made of high borosilicate glass material. The outer pipe was
external diameter 100mm, depth 100mm and wall thickness 3mm, while the inner
pipe external diameter 75mm, depth 100mm and wall thickness 3mm. Due to the
presence of glass containers, the distance between thermocouple and fluid walls was
increased in the process of calibrating the thermocouple, which could effectively
prevent temperature fluctuation caused by heat convection [12] .

First, water was poured into the thermostat bath with the outer pipe and inner pipe
of temperature balance. The water level of the thermostat bath was above the water
level of the temperature balance outer pipe, and the water level in the outer pipe was
higher than in inner pipe. Secondly, T type thermocouples and calibrated standard
platinum resistance thermometer were fixed in the centre of the temperature balance
inner pipe by support and kept isolated and out of contact each other. Thirdly,
insulated cover was sealed. Finally, the other ends of T type thermocouples and
platinum resistor were connected to FLUKE Data collecting instrument into a
computer.

Temperature data were collected every 30 seconds during testing. The changes of
temperature were observed in real-time detection. The temperature stability data could
be collected when adjusting to the required temperature [13]. T type thermocouple
and calibrated standard platinum resistance thermometer could be compared and
corrected at the same temperature. Every degree of temperature value of T type
thermocouple was calibrated in turn and was contrasted directly place the
thermocouple in water and only place the thermocouple in temperature balance inner
tube.
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4 Results and Discussion

4.1 Temperature Fluctuations

Fig. 2, Fig. 3 and Fig. 4 showed T type thermocouple temperature test case when
liquid temperature in the thermostat bath was set to 20°C, respectively.
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Fig. 2. Temperature test curve of thermocouple put in water
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Fig. 3. Temperature test curve of thermocouple put in temperature balance tube Water
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Fig. 4. Temperature test curve of thermocouple put in measurement system

As can be seen from the diagram, temperature wave amplitude of T Thermocouple
in contact with fluid directly was greater than other two conditions. Calibration
temperature wave amplitude of the T type thermocouple in contact with fluid directly
was £0.075°C. Calibration temperature wave amplitude of only increasing outer pipe
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is £0.03°C, Calibration temperature wave amplitude of simultaneously increasing
outer pipe and inner pipe was +£0.02°C. The temperature stability raised 73.3% and
33.3% than the previous two conditions, respectively.

It was shown that the thermal resistance of the glass could prevent temperature
fluctuation causing by convection. Test results were in accord with the analytical
solutions for natural convection boundary layer equations by Pohlhausen and research
results of Magyari and Myers [14-15] .

4.2  Thermocouple Calibration

As shown in Table 1, test results of multipoint T type thermocouple under the
conditions of 5- 50 °C, which happened in test device with the temperature balance
outer pipe and inner pipe.

Table 1. Calibration result of multipoint thermocouple

Thermostat Temperature fluctuations of thermocouple test point (°C)
setting Temperature
temperature fluctuations in
(°C) 1 2 3 4 5 average (°C)

5 +0.02 +0.01 +0.02 +0.01 +0.02 +0.02

10 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02

20 +0.02 +0.02 +0.02 +0.02 +0.02 +0.02

30 +0.02 +0.02 +0.03 +0.02 +0.03 +0.02

40 +0.03 +0.03 +0.03 +0.03 +0.03 +0.03

50 +0.03 +0.03 +0.03 +0.03 +0.03 +0.03

As can be seen from the Table 1, average temperature fluctuation was +0.02°C
and+0.03°C in the range of 5 -30°Cand 40- 50°C, respectively. What is more, the
experiments were shown no uniform temperature field only occurred in closing to
the wall surface of heat transfer in convection heat transfer. The temperature balance
inner pipe fixed in outer pipe and outer pipe fixed in insulated cabinet. The presence
of glass container increased distance between thermocouple and wall surface in
calibration process, attenuated temperature wave amplitude, effectively prevented
temperature fluctuations caused by convection heat transfer. The purpose of precise
calibration was achieved.

5 Conclusions

The designed measurement system device included low-temperature thermostat bath,
temperature balance outer pipe, temperature balance inner pipe, blender, insulation
cover, insulated container, standard platinum resistance, thermocouple, data acquisition
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device, computer and so on. T type thermocouple under the conditions of 5-50 °C was
calibration with average temperature fluctuation +0.02°C and+0.03°C in the range of
5-30°Cand 40-50°C, respectively. It is simple, convenient and reliable. There will be a
bright prospect for determining temperature in scientific research and engineering
application.
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