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THERMOELECTRIC HEAT-FLUX MEASURING ELEMENTS 

0. A. Gerashchenko and V. G. Fedorov 

(Kiev) 

The local value of the heat flux privés very important information 

about processes and equipment based on heat exchange. Its intensity 

can be very diverse, from fractions to tens of millions of W/m2; 

the processes of heat exchange realized by thermal conductivity, 

convection, radiation or their combination are also different. It is 

especially necessary to localize the measurements of heat fluxes in 

physiological investigations, when equipment is being developed for a 

new technology, in automatic control systems and in the regulation of 

technological processes. 

There is not yet a heat-measuring instrument that would allow us 

to measure the quantity of heat passing through sufficiently small 

sections of the heat-exchange surface at any point on a body of any 

configuration. Through some degree the present work fills that gap. 

The basic requirements presented to heat-flux sensors were universality, 

high accuracy and stability of measurements, and the absence of 

distortions of the physical picture of the process during their 

application. 
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A differential thermocouple using the material of its thermo¬ 

electrodes as an additional wall to obtain a temperature difference 

proportional to the heat flux is the basis of the heat-flux measuring 

elements we developed [1, 2]. This combination of the functions of an 

additional wall and sensin' elements allows us to obtain small-size 

low-inertia sensors. 

A single heat-flux sensor (.’ig. 1, a) is a triple-layered wall 

of metallic thermoelectrode materials. The temperature difference 

to be recorded arises on the faces of the middle layer when a heat 

flux passes through the sensor. A temf proportional to the heat flux 

arises on these faces in the couple with the material of the edge 

layers. Leads that are thermoelectrically similar to the edge layers 

are welded to them; the signal from the sensor is fed along these 

leads to the recording instrument. 

p 
Instruments for measuring local heat fluxes up to 140,000 W/m 

with single sensors (d * 8 mm, h * 1 mm) have been developed and put 

into practice at certain enterprises and scientific establishments. 

The use of platinum or copper as the edge layers and the current- 

carrying leads, and of constantan as the middle layer, allows an 

operating temperature of the sensors up to 1000 and 700 C respectively. 

The middle layer can be made from certain ceramic materials, in 

particular, silicon carbide, which increases the temperature up to 

1500 C and the signal of the element by one order. Instruments for 

2 
heat fluxes up to 1,000,000 W/m are now being developed. 

When the sensor is built into or applied on an Isothermal surface, 

in view of the low thermal resistance of the sensor it takes on the 

temperature of this surface and in most practical cases we can 

disregard the distortion of the physical picture of the process. 
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Therefore, the temperature of the surrounding medium does not limit 

application of the sensor and in one of the developed variants of 

heat-measuring equipment this temperature reaches 6000 C. 

Types oP heat-flux measuring elements: 
a and b) single sensors with peripheral or 
central exit of the thermoelectrode; c) battery 
sensor of the "dry cell type"; d) battery 
sensor of the "spiral" type. 

The electrical signal of a single sensor is very weak (1-2 uV for 
2 

1000 W/m ); therefore, even for large heat fluxes M-195 or F-18 

universal galvanometers are used as the secondary Instrument. For 

small heat fluxes, up to 10,000 W/m2, their application is hampered by 

the diverse nature of the noises. To remove this deficiency, we 

developed battery heat-flux sensors (see Fig. 1, c, d). The "dry cell' 

sensor (see Fig. l, c) is a battery of serially connected small-size 

single elements inclosed in a metallic skin or ceramic tablet. "Dry 

cell" sensors are made by welding constantan blocks and copper foil 

connectors. The battery is Insulated from the skin witn mica plates 

about 0.01 mm thick. A battery of 100 single sensors will fit into a 

disc with d « 25 mm and h « I.5 mm. 

Spiral" sensors (see Fig. 1, d) allow fitting up to 1000 

elementary sensors in a d « 10 mm and h = l.2 mm disc. A flat 

spiral tape of thermoelectrode material is electrolitically covered 

on one side with another material. The tape is insulated with lacquer 

and turned such that the points of transition from a "double" to a 
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"single" electrode are on the faces of the obtained disc. The disc 

is encapsulated in epoxy resin or a high-temperature lacquer (in this 

case the disc is inclosed in a metal skin), or baked in a porcelain 

tablet. 

The battery sensors have a rather high signal, which allows them 

to be used with a rough secondary instrument of the dial millivoltmeter 

type; this also allows us to recommend their use in investigating the 

local heat exchange in rotating installations, while the high 

sensitivity of the sensors allows them to record small thermal fluxes 

(on the order of 10 2 W/m2) with high accuracy, which Is especially 

important in measuring radiative heat fluxes and temperatures. 

The calibrated graphs of battery sensors in a wide interval of 

heat fluxes are straight (Fig. 2) or weakly curved lines. 

Fig. 2. Typical calibrated graphs of 
battery heat-flux measuring elements (n is 
the number of elementary sensors). 
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All the types of sensors are calibrated on a special stand 

consisting of a low-inertia emitter of r°werful heat fluxes and 

radiometric devices [3, ^]. The possib^ .ty of developing and absolutely 

measuring stable fluxes of beam energy in a wide range of Intensities 

2 5 2 
(10 -3 * 19 W/m ) allows us to speak about the error in measuring 

heat fluxes by calibrated sensors not exceeding 3-6¾ of the measured 

magnitude. The sensor readings are sufficiently stable, which is 

supported by repeated calibrations after the sensors have operated in 

different conditions, including at their maximal temperature. 

Sensors produced in small lots are already finding application in 

industry and research establishments to measure local heat losses 

through high-temperature insulation, to check out different heat- 

exchange apparatuses, etc. 

The high sensitivity of battery sensors allowed us to construct 

a simple and compact instrument for rapid determination of the 

thermophysical constants of different materials by the block method 

and to find the temperature dependence of the thermal conductivity of 

samples of new heat-resistant insulation, Stal'fcl', Penosil and glass 

Tejçtolite. 

By placing a filter of the test material in the path of the energy 

flux to the sensor it is rather simple to determine the coefficient of 

passage of beam energy. An experimental determination of the integral 

coefficient of heat passage for several substances showed good 

agreement with the calculated data. 

Based on these sensors we have developed equipment for controlling 

different technological processes, growing refractory crystals in 

crystallization furnaces, thermal processes in the tuyere zone of 

blast furnaces and in molten-salt electrolyzers. 
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The large specific signal of the battery sensor (per unit of the 

surface perceiving the flux) allows it to successfully compete with 

the known instruments for measuring high temperatures by noncontact 

methods based on the principle of a thermocolumn or a bolometer. One 

significant difference of this sensor is the practical independence 

of the instrument's operation from the conditions of its cooling. In 

particular, with these sensors we can solve the problem of measuring 

the temperature of semitransparent highly-heated gases by the method 

proposed by G. Shmidt in 1909. The effect of the rear wall, the 

background, must be precluded by measuring three magnitudes: the 

incident energy from the hot background, the incident energy from the 

cold background and the temperature of the hot background. Attempts 

to realize this method were usually not successful due to errors in 

measuring the incident flux of beam energy. 

These sensitive elements can find wide application in automatic 

control systems utilizing regulation with respect to the thermal flux, 

temperature or temperature deri itive. 
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