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ABSTRACT 

Methods of non-contact temperature measurement have been examined; 

emphasis being placed on radiation pyrometry. Such methods are 

vulnerable to emissivity errors unless blackbody emitters are 

involved. There are however several ways of minimizing these errors 

and the underlying theoretical principles of the major ones have been 

discussed. 

The author has developed a non-contact temperature measuring 

technique employing forced air convection to avoid emissivity errors. 

The technique exploits the phenomenon of heat transfer between a 

surface and air flowing over it when a temperature differential exists 

between the two. Two modes of temperature measurement have been 

examined, one involving initially unheated air and the other pre-heated 

air. 

In the former case the surface temperature is predicted from the 

temperature increase of the air passing over it. 

The pre-heated air mode, however, involves identifying a state of 

zero nett heat transfer between the surface and the air when the 

latter temperature is adjusted until it equals that of the former. 

Under these conditions the surface temperature may be inferred 

directly from a measurement of the air temperature. 

This latter mode has been applied successfully to temperature 

measurement of surfaces of cylindrical geometry. 

Since a requirement for temperature measurement of plane 

surfaces is widespread, most of the thesis has been devoted to 

applying the forced air convection principle (using both pre-heated 

and initially unheated air modes) to plane surfaces. It has involved



a detailed theoretical and experimental investigation of the flow and 

temperature characteristics necessary for a successful implementation 

of the principle. On the basis of these investigations 

recommendations have been made for the design of instruments to 

measure the temperature of plane surfaces. One such instrument 

employing the initially unheated air mode has been constructed and 

installed on a strip annealing line for measuring the temperature 

(up to 550°C) of moving aluminium strip.
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CRAPTER 1 

INTRODUCTION 

A knowledge of the temperature of surfaces is desirable in fields 

ranging from medicine to metallurgy. The purpose to which this Imowledge 

is put, of course, depends upon the particular type of surface involved. 

Por example, in metallurgy the metallurgical and mechanical properties 

of a specimen are usually dependent upon the temperature to which it has 

been elevated, thus a knowledge of the temperature is necessary for 

controlling these properties. 

In the extrusion of aluminium and its alloys, the surface tem 

perature increases with extrusion speed and surface damage results if 

this tempereture exceeds a critical value. A continuous measurement of 

the tempereture would permit maximum production rates to be achieved 

conSistent with no surface damage(12) | 

At the other extreme, in medicine, research is currently being 

undertaken in an attempt to correlate small "hot spots' on the skin 

surface with the incidence of tumours below the skin at these sites. 

Tais vork is particularly applicable to breast cancer. Tne technique 

employed for this purpose is called medical thermography and involves 

measuring the infra-red radiation from the site under investigation. 

However, medical thermography is not confined to detection of breast 

cancer, there being many other physiological and diamostic 

applicaticns20!s3) . 

Other requirements for temperature measurement are found in the 

menufacturing and processing of such materials as wood, plastics, paper, 

textiles, rubber and glass, this list being by no means exhaustive.



In the field of heat transfer a knowledge of surface temperature 

is often necessary in calculating heat transfer coefficients. 

TEMPERATURE MEASUREMENT OF SURFACES 

Temperature measurement of surfaces falls broadly into two 

categories: 

(1) Contact temperature measurement. 

(2) Non-contact temperature measurencnt. 

Apart from a few general comments on methods falling within the 

former category, no further consideration will be given to contact 

temperature measurement. 

Contact Temperature Measurenent 

Various contact methods are available to measure surface ten- 

perature. They differ in principle usually in the particular ten- 

perature dependent parameter they exploit. 

One of the commonest methods, the thermocouple, exploits the thermo- 

electric e.m.f. generated between dissimilar metals with junctions at 

different temperatures. Such methods usually have fairly high 

accuracies 1 or 2% and can be used within a temperature range of -200°C 

to +1100°C. 

Resistance thermometers exploit the change in resistance with 

temperature. Their accuracy is usually higher than that of the therno- 

couple, but their upper range is somewhat lower, i.e. approx. 600°C. 

Resistance thermometry includes metals, an important example of 

which is platinum, as well as thernistors. 

In both the thermocouple and resistance methods the actual physical 

form of the sensor is based on the particular requirement. For


