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Surface Temperature Mapping with Infrared Photographic
Pyrometry
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Surface Temperature Distribution

A method has been developed for using infrared
photographic pyrometry to measure and map the tem-
perature distribution on a heated surface with a high
degree of accuracy and precision. This method in-
volves the collection, detection and measurement of
a narrow bandwidth of emitted infrared radiation.
Standard commercially-available equipment is used,
together with systematic procedures. These proce-
dures, compared to conventional methods, can pro-
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FIGURE 1

duce higher accuracy, extend the range of tempera-
tures measured, and simplify data handling.

The system is shown schematically in Figure 1.
Major components include: (1) the heated surface or
“target” to which at least one reference thermocouple
is attached in the area to be photographed; (2) an
optical viewpath and camera for recording the thermal
radiation on infrared-sensitive film; (3) a closely-con-
trolled film developing system; (4) a densitometer for
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measuring and recording the densities of the photo-
graph image and plotting contours of equal den-
sity; and (5) a method for converting the image
densities to corresponding temperatures.

The relation between image densities and corre-

sponding temperatures is established and calibrated in
three steps:

1.

The relation between relative radiant energy and
surface temperature is computed using Planck’s
fundamental black body law. (Note: Although the
emissivity of the heated surface is less than for a
black body, actual values of emissivity are not
needed since calibration depends only on the
change of radiation with change of temperature.
This relation is the same for any value of surface
emissivity. Hence the use of black body emissivity

the dashed lines in Figure 2. With the two plots
aligned, density values can be related directly to
the corresponding temperatures.

Notes:

1.

nfrared photographic pyrometry has several ma-
jor advantages over the more conventional surface
thermocouple arrays or radiation pyrometers.
These advantages are significantly enhanced by
use of the method described. A thermal photo-
graph of an entire heated surface can be taken in
one second or less. Complete temperature distri-
bution data can be obtained without physically
contacting or interfering with the heated surface,
except for the reference thermocouple. The ther-
mal photograph provides a permanent record for
immediate or subsequent analysis.
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