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THERMOPHYSICAL MEASUREMENTS

THERMAL METHODS AND NON-DESTRUCTIVE
TESTING INSTRUMENTATION

B. R. Nussupbekov, D. Zh. Karabekova, UDE1536.33
and A. K. Khassennov

This article describes several developed modifications to heat flux sensors. A commonelementiin these
devices is a specially designed thermopile sensor that acts as a thermoelectric converter, of heatflow.
Keywords: heat transfer system, heat flux, heat insulation, heat flux sensorsfdiagnostics; thermopile heat
flux converter.

At present in the Republic of Kazakhstan the level of deterioration@f municipal’heating networks is 63%; of elec-
tricity supply systems, 73%; and gas supply systems, 54%. Among the main tasks of urban public services is uninterrupted
supply of heat and provision of hot water to each customer with mindmal‘esses. In case of a heating pipeline accident and
outpour of 10 tons of heat transfer agent at 100°C, up to 1 Gcal of heatimay be lost. Timely diagnosis of underground heat
transfer systems will not only quickly identify dangerous or potentially defective portions of the heating networks, but will
also increase their service life and reduce losses in heat supply systems. In this regard, the creation and implementation of
instruments for high precision measurement of localized heatloss and temperature control are urgent challenges for the utility
services of the respective regions [1].

An extensive survey of underground heéting,systems has’shown that all technical diagnostics requirements can be
satisfied by the method of thermal non-destru€tive testing (TNT). The method is based on comparison of the calculated and
experimental temperature distribution values,on theiground surface above the heating systems [2]. It allows one to assess the
condition of the pipes in heat networksgand findlheat transfer agent leakage sites without opening up the pipelines or interrupt-
ing their operation [3].

At the Karaganda State Uniyersity, based on a thermopile heat flux converter, instruments for measuring the surface
heat flux density, regardless@©f the enyitonment, were developed and tested. In comparison with analogues, these devices have
several advantages: high sensitivity; the possibility of total and continuous monitoring; efficiency in identifying heat transfer
agent leaks [4].

Heat fluximeter TEP-1M. Figure 1 shows the schematic of ITP-1M. The device consists of a receiving plate 4 in
thermal conta¢t'with theéactive junctions, and a heating element 2 in thermal contact with the passive junctions of the thermo-
pile heat flux convetter 3. Output signals from the converter 3 and the temperature dependent element / are fed to the elec-
tronic unit 5. Thesliousing of the device is in the form of a limited cylinder: one of its bases is the working surface, and the
other isfin thermal contact with the object the temperature of which is equal to the temperature of the environment. Built-in
heatergyprovide heat flow through the thermoelectric sensor in directions perpendicular to its bases [5].

Before operation, the heat flux device is calibrated to the heat transfer system in a defect-free zone by measuring the
controlled parameters directly above the pipe axis and outside the heat-affected zone. Electrical current is passed through
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Fig. 1. Schematic of the ITP-1M heat flux meter: /) temperature-dependent
element; 2) heating element; 3) thermopile heat flux converter; 4) receiving
plate; 5) electronic unit.

Fig. 2. Schematic of the @ heatflux meter: /) protective film;
eat stabilizer; 5) heat sink; 6) heat
ce; 8) electronic unit.

2) calibration coi

sen
insulator; 7) lateral s

the heating element to provide a(€o al at the output from the battery converter. To investigate a possible defect of
ipeline, the current of the heating element is not regulated. Through combining the receiving

a, internal insulation faults are discovered from the signal change at the output of the ther-

the sensor 3, the thermopile active junctions are in thermal contact with the protective film, the passive
eat stabilizer 4. Next, thermal energy is transferred to heat sink housings 5. To eliminate heat transfer

A defect in the pipeline results in a sharp change in temperature, pointing to the zone of the pipe with damaged heat
insulation or mechanical damage of the pipe material [8].

For preliminary calibration of the thermopile heat flux converter (Table 1), the authors carried out laboratory and
field experiments, where At is the temperature difference between the investigated object and the surroundings; Ag is the
thermo electromotive force difference (thermo EMF) between the investigated object and the surroundings; and a., a.,, are the
calculated and average calibration coefficients, respectively.
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TABLE 1. Calibration Table

No. At,°C Ae, mV o, mV/°C Oay» mV/°C

1 0 0 0

2 5 4 0.80
3 7 59 0.8428
4 10 8.1 0.8100
5 15 12 0.80
6 20 154 0.7700
7 25 19.2 0.7680
8 30 22.8 0.7600
9 35 262 0.7485
10 40 29.7 0.7425

Calibration results of copper-constant thermocouples were compared with t values for standard thermocouples.

d device operated in the range of

50-1000 W/mz, which is consistent with normative heat losses. Signal recor ime did not exceed 1 min.
Using the standard method, the authors found the measurement.e the thermopile converter. The thermocouples
were connected differentially, i.e., for calculations it is sufficient to ob f time-dependent temperature readings from

one of the thermopiles [9, 10]. The difference of temperatures mea the first thermopile is (7'} — T), the second ther-
Then, we record thermo EMF of the thermopiles as

81 =n1k . nzk(T2 —T),

where n; and n, are the number of thermocouplés in rmopile, and & is the Seebeck coefficient of the thermocouple.
If the measured temperature is known and equal to 7}, then

Assuming the temperature

When the t connected in differential mode, the voltage drop on the recording device is

U=(g)-&y)R/(r+1,+R),

ritical baseline value and €, = €,,, we get

whe n present the resistance of the thermopiles, and R is the input impedance of the recording device.
fi measured temperature, we use

T = TO - U / a,
where @iz k(n| + ny))R/(r| +ry + R).
When the thermopiles are connected in series,

T=U/a—T0.

Such mode of connecting the thermopiles increases measurement accuracy by compensating for the effect of sur-
rounding temperature. In fact, only the difference between the reference and the test temperatures is measured.
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Fig. 3. Thermo EMF as a function of temperature ¢ of the heat ttansfe e
heating system for 4 = 10 and 30 cm (a, b, respectively) in fect-free )

and in case of damaged heat insulation (2).

J

The error in calculating heat flux density during calibration equ

where 0;, 0,, and o are errors in the value of current at c4
area, respectively (0; = £0.05%, 0, = £0.02%, 0, = +04049

studies were carried out both in a defect-free mode, and by simulating leak-
age of the heat transfer agent in some pipeline (Fig. 3).
The results of the experi
ITP-1M and ITP-2M.a

d a temperature rise on the surface of the ground in the leakage zones.

changes or the temperatur e soil above the studied heat transfer pipe. When diagnosing, the operator moves the
device along the heat ting readings needed to calculate the heat flux density or temperature above the axis of
the heating pipe. e compared to the standard, plots are constructed for the specific heat transfer system. This infor-

mation allows tect leakage zones and insulation damage.
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