NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.
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Standard Test Method for
Measuring Total-Radiance TemPerature of Heated Surfaces
Using a Radiation Pyrometer

This standard is issued under the fixed designation E 639; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—Sections 9 was added editorially in May 1996.

1. Scope €\ = spectral emissivity of that surface at the same
1.1 This test method covers the measurement of the total- temperature,

radiance temperature (see section 2.1.20) of surfaces using lasA = spectral radiance of a blackbody radiator at

radiation pyrometer that is not in contact with the surface. The that temperature, and

measured total-radiance temperature is then converted to thk: andi, = limits of the spectral band involved.

“true” surface temperature using an assumed or measuredFor a pyrometer in which the spectral response varies over

value of the surface emittance. its wavelength range of sensitivity, the band emissivity should

1.2 This test method includes those pyrometers whictlso be weighted by the relative spectral responsii&tfp), of
respond to a wide band of radiant energy (heat), that is, totdhe pyrometer. The equation then becomes:
radiation pyrometers, as well as those which respond to a fxz AL, ROV di
relatively narrow band of radiant energy, that is, monochro- _Jn € Fex

[ L roven

matic or pseudomonochromatic radiation pyrometers. The

latter are often referred to as “optical” pyrometers. The visual

optical pyrometer, sometimes referred to as a “disappearing- EQ 2 is required only wheboththe spectral emissivity,,

filament” or “brightness” pyrometer, is not covered by this testand the relative spectral responsivify, (\), vary over the

method. wavelength band of interest. df is constant, its value is used,
1.3 This standard does not purport to address all of theand neither equation is required. B (\) is constant, buk,

safety concerns, if any, associated with its use. It is thevaries, Eq 1 is used.

responsibility of the user of this standard to establish appro- It should be noted that, is a function of temperature even

priate safety and health practices and determine the applicafor those materials whose spectral emissivity is independent of

@)

€p

bility of regulatory limitations prior to use. temperature, since the relative distributionL.gfAvaries mark-
; edly with temperature.
2. Terminology 2.1.2 blackbody—a thermal radiator that completely ab-
2.1 Definitions: sorbs all incident radiation, whatever the wavelength or direc-

2.1.1 band emissivity-the weighted average spectral emis-tion of incidence. This radiator has the maximum spectral
sivity of a given surface at a given temperature and over @oncentration of radiant emittance at a given tempergtjre
specified wavelength band, with the spectral radiance of ¢hat is, blackbody is an ideal thermal radiator. Devices can be
blackbody radiator at the given temperature as the weightingonstructed which approximate an ideal blackbody by provid-

function. Expressed mathematically: ing an opaque-walled heated cavity with a small opening (for
A2 example,2, 3) and are commonly called laboratory blackbod-
f 1 2N Le)\ d\ |es
S s v a— N @ 2.1.3 directional—in a given direction from a surface. For
ao e isotropic surfaces this may be designated by the polar afgle,
. from the normal to the surface to the given direction. For
where: v nonisometric surfaces, the azimuth angle measured from a
eb = band emissivity of a surface at some known ’

fiducial mark on the sample to the plane of incidence, must also
be given. Directional is indicated in the general case by the
symbol @) or (6,¢) following the symbol for the quantity or
property, asL (0,4) or €(0). For a specific case the angle in

1 This test method is under the jurisdiction of ASTM Committee E-21 on Space
Simulation, and is the direct responsibility of Subcommittee E 21.08 on Thermar—————————

Protection. 2The boldface numbers in parentheses refer to the list of references appended to
Current edition approved March 31, 1978. Published May 1978. this test method.

temperature,
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degrees is substituted férand ¢. property, asL, or €. It generally refers to quantities of

2.1.4 emissivitye—the ratio of the radiant existance of the backbody radiation, or properties involving blackbody radia-
thermal radiator to that of a blackbody at the same temperaturéion, and is precisely indicated by giving the temperature of the
The emissivity is a measure of the extent to which a surfacélackbody source, in kelvins, das (300K) or €,(300K).
deviates from an ideal radiative surface. 2.1.16 total directional emissivitye,(0,$,T)—is the emissiv-

2.1.5 hemisphericakin all directions from a surface, and ity in direction® averaged over all wavelengths, or the ratio of
generally refers only to properties. It is indicated by thethe radiance of a given surface at a given temperature in a
subscripth asey,, and means properly weighted averaged overgiven direction to that of a blackbody radiator at the same
all directions. temperature.

2.1.6 irradiance, E, = d®J/dA—the ratio of the radiant flux  2.1.17 total emissivityg, (T)—the weighted average spectral
incident on an infinitesimal surface element, to the area of thagmissivity, e(\,T) in which the weighting function is the
element(4). spectral radiance of a blackbody radiator at temperafueasd

2.1.7 irradiation—the exposure of an object to radiatifi).  the average is taken over all wavelengths at which significant

2.1.8 radiance, I, = ddJdw dA cosh, (in a given direction,  emission occurs.
at a point on a surfage—quotient of the radiant flux leaving, 2118 total hemispherical emissivitye, ,(T)—emissivity
arriving at, or passing through an element of area surroundingyeraged over all wavelengths and all directions, or the ratio of
the point and propagated in direction 6, o, defined by an the total exitance from a given surface at a given temperature,
elementary cone containing the direction, by the product of ther, to the blackbody radiator at the same temperature.
solid angle of the cone,« and the area of the orthogonal 5 4 18 1 piscussion-A true blackbody radiator is lamber-
projection of the element of surface on a plane perpendicular tgyin; that is, its radiance is independent of direction. However,
the given direction, A cosé. See Fig. 1. laboratory blackbodies (heated cavities) are usually lambertian

2.1.9 radiant energy, @Q—the quantity of energy transferred qyer only a relatively small solid angle about the normal to the
by radiation(4). plane of the aperture of the cavity.

2.1.10radiant exitance, M= d®J/dA—the ratio of the 2.1.19 total normal emissivitye, (0", T)—the total direc-
radiant flux emitted by an infinitesimal surface element to thetional emissivity normal to the surface.

area of that elemerf#t). Note that this a hemispherical quantity. 2.1.20 total-radiance temperaturethe temperature of a

o rr?‘ltt.dllt::glsagttzgx';I:e':(:t'r(]jzne'[nﬁr?gepfg:ntnjrg: :g_eat(_power) blackbody that has the same total-radiance as the body consid-
Iec, ited, or Inct ! iAeD- ered. The radiance of the body must be averaged over the solid

%ll'tltz r(ras([j)iorr\]swlm (OI tnenﬁ)yro\snftevr;)}tr;]evzat\;o IOLdfgeCtor angle subtended by the entrance window of the pyrometer used
output to radiance input. ay vary guesngm. for the measurement, from the surface of the b6ty

2.1.13 spectral—for a radiometeric quantity (energy, flux . . e

; . : ’ ... 2.1.20.1 Discussior—No radiation pyrometer can collect
radlanpe, eX|tance),_ the spectral concentration o_f the quant'%e radiant flux emitted by a body intopg complete hemisphere
per unit wavelength interval at a given wavelengthindicated L : L
: . and most radiation pyrometers collect the radiant flux emitted
?értr;erzlé?;%ré?ﬁgoglr%\gg?yt?:bSS%prtglnfgé tg%?srgisﬁgyé?)' it iénto a very small sgﬁd angle. Since for many materials the

the value of the property at a specified Wévelengtﬁnciicatéa directional emissivity varies markedly with direction, signifi-
' cant errors can result if total hemispherical emissivity is used

by the symbol X) following the symbol for the property, as Lo A A ;
€(\). For precise indication, the symbalis replaced by the fqr_the_ emISS|_V|ty _correctl_on l_nstead of total directional emis-
sivity in the direction of viewing.

value of the wavelength, usually in micrometres.
| 2.1.14 spectral (.emlsswnye()\.,T)—the emissivity at wave- 3. Summary of Test Method
ength\, or the ratio of the radiance or exitance at wavelength
N of a given surface at a given temperature to that of a 3.1 Many surfaces reach high temperatures when exposed to
blackbody at the same temperture. high-energy convective flows or other heating environments.
2.1.15 total—integrated (for a quantity) or averaged (for a The hot surfaces emit radiant energy that can be used to
property) over all wavelengths. It is generally indicated bydetermine surface temperature. The energy is emitted in a
adding the subscript to the symbol for the quantity or given direction in a known solid angle and from a known
surface area, that is, the radiance is focused on a detector that
A is responsive to the incident energy. The total-radiance tem-
A perature of the surface is then determined from the electrical
output of the detector, through proper calibration of the
i detector using a blackbody source at a known temperature. A
measurement or estimate of the emittance of the emitting
surface is then used to convert the total-radiance temperature to
the “true” surface temperature. For the method to be accurate,
radiation reflected from the surface and absorption by and
emission from gaseous vapors and entrained particulates be-
SOLID ANGLE , dw tween the surface and the detector must be accurately ac-
T T T T T 7 counted for or determined to be negligible. When this criterion
FIG. 1 lllustration of Radiance is met, the method can be used with ablating surfaces. The

(—

dA
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optics must be capable of transmitting energy over the wave- 4.3 A photosensitive detector has high responsivity and very
lengths for which the surface emits significant amounts ofrapid time response. Some types are better in both respects than
energy. Also, the detector must be capable of responding to thbe best pyroelectric detectors now available. However, the
energy at these wavelengths. It is possible to use the method forore common photosensitive materials that are useful at room
radiatively heated surfaces if the detector has a rapid respongemperature are sensitive only to radiation in the visible and
time and the radiative source can be periodically “chopped” tmear infrared portions of the spectrum. Those that respond at
separate emitted energy from surface reflected energy. In someavelengths beyond about 2.5 um are noisy, and usually
situations, the band blockage characteristic of the windows arequire cryogenic cooling to achieve a satisfactory signal-to-
envelopes of the source can be used to advantage by usingise ratio. The spectral band over which these detectors
pyrometers with response limited to the blocked band; theespond is narrow compared to that of thermal detectors, and
radiant heating source is thus effectively blocked at all timesthe spectral responsivity usually varies widely over that band
I (2, 5).

4. Significance and Use 4.3.1 Photosensitive devices can be used, providing ad-

4.1 This test method utilizes a radiation pyrometer toequate care has been taken in the design and calibration, to
measure the radiance of an emitting surface. Generally, radigroperly protect the detector from overheating, to provide for
tion pyrometers are classified by the type of detector used aemperature compensation, to verify uniform sensitivity over
either thermoelectric radiation pyrometers or photosensitivéhe detector surface, and to account for wavelength sensitivity.
radiation pyrometer¢2, 3). The thermoelectric radiation py- The detector should have a known response to energy at
rometer utilizes a detector that depends upon a temperatuigavelengths in the visible and near infrared regions or at least
difference to provide a response. Included in this class argver the bandpass of the pyrometer optics.
thermopiles, pyroelectric detectors, and bolometers. The pho- 4.4 The advantages offered by a thermoelectric radiation
tosensitive radiation pyrometer utilizes a detector where th@yrometer make it one of the most desirable for use in the
direct effect of the radiant energy impinging on the detectoimeasurement of surface temperature. However, a rapid re-
material provides a response. Included in this class are photeponse detector, such as photosensitive or pyroelectric, is
emissive, photoconductive, and photovoltaic materials. mandatory if the method is to be used with a radiatively heated

4.2 Advantages of the thermoelectric radiation pyrometegurface since the measurement of total-radiance temperature
include ruggedness, survivability in high ambient temperamust be obtained when the source is blocked to separate
tures, and uniform sensitivity over a wide range of wave-reflected and emitted energy and the period of time that the
lengths. The major disadvantage is slow time response. source is blocked should be small.

4.2.1 The thermopile detector is constructed so that one set 4.5 For the method to be accurate, emission or absorption
of thermojunctions serves as the receiver that is irradiated. Thigom any high-temperature boundary layer surrounding the
other set of thermojunctions is isolated from the radiant energ¥urface, that is, those containing certain gaseous vapors or
and is located to conform to the pyrometer body temperaturesntrained particulates, must either be small relative to emission
The resulting temperature difference, which depends upon thigom the surface or well known. Furthermore, the surface
magnitude of the impinging radiant energy, produces a therremperature, the surface emittance, and appropriate combina-
moelectric emf that is related in a direct manner to thetions thereof must be sufficiently large to provide adequate
total-radiance temperature of the viewed surface. The respomadiance from the surface. A correction must be made for any
sivity of a thermopile detector usually varies widely as asignificant reflection of energy from the surface of interest.
function of position over the sensitive surface. 4.6 The radiant energy is focused upon the receiver using

4.2.2 A pyroelectric material behaves like a capacitor, andenses, mirrors, windows, apertures, or light pipes, or any
generates an electric charge when a thermal gradient exisg®mbination of these. The effect of these optical devices must
across its thickness. Such a material can be used as th@ considered in calibrating the pyrometer. Temperature cali-
sensitive element in an infrared detector. One type of pyroeleration is through standard blackbody sources or standard
tric detector is electrically calibrated, hence for such detectorgemperature-measuring devices (see 2.1.2).
radiometric calibration is not required. Pyroelectric detectors 4.6.1 The responsivity of some detectors to polarized inci-
have () high responsivity for chopped incident radiant flux, dent flux varies with the direction of the plane of polarization.
(2) very rapid time response3) very uniform spectral respon-  |f such effects are present, a depolarizing filter should be used
sivity over a very wide spectral range, and) ¢ery uniform  to cancel them. However, such filters are not readily available

spectral responsivity over the entire sensitive area. Thes@r use over wide wavelength bands in the infrared.
detectors operate at ambient temperature, hence they do not

require cryogenic cooling. 5. Apparatus

4.2.3 The bolometer utilizes a receiver element that has a 5.1 This test method requires that the pyrometer view a
high temperature coefficient of electrical resistance. A dupliportion of the heated surface. The viewed area should be small
cate of the receiver element is isolated from the radiant energgnd as nearly isothermal as possible. For this reason, the
and is located to conform to the pyrometer body temperatureziewed area should be an area receiving a nearly uniform
By locating the two elements in an electrical bridge networkheating ratg3).
differences in electrical resistance resulting from temperature 5.2 If the heated surface to be viewed is on the side of a test
differences are obtained and related to the total-radianceodel (wedge surface, cone frustum, etc.) or is a portion of a
temperature of the viewed surface. duct, then the surface can probably be viewed directly without
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using mirrors and at an angle perpendicular to the surfacelefined by the intersection of the cone and the surface. For a
However, if the viewed area is at or near the stagnation poinplane surface parallel to the plane of the aperture, at a distance
of the test model in a convective flow, then it probably cannot from the aperture, the area vieweddig Only that part ofA,

be viewed at an angle perpendicular to the surface. Furthecontained within the cone defined by linBg irradiates all of
more, the geometry of heat sources, such as arc-jets or oth@g. Points between the cones defined by liBgsand B, and
enclosing test apparatus, may preclude direct viewing, therebdines B, will irradiate only part ofA,, being shaded from other
requiring that mirrors be used. parts by the aperture. The lin&; form a third cone, which

5.3 The type of sensor used determines most directly thdefines the effective solid angke, from which radiant flux
characteristics and use constraints of the pyrometer. Theeaches the areA,. The flux lost by shading from points
sensors or detectors usually employed are thermopiles, bolorbetween the cones defined by lin®; and lines B; is
eters, photosensitive substances, and pyroelectric devices. ¢oampensated for by the flux reachiAg from points between
any given application each has certain advantages. Photosehe cones defined by lineéB, and B, and linesB;. The net
sitive substances include photoemissive, photoconductive, araimount of flux reachind\, is thus what would reach, from
photovoltaic materials. With each of these materials, radianthe area enclosed by the cone defined by IBgis the absence
energy incident on the detector causes a direct response. In tbéan aperture. A low reading will be obtained if the entire field
case of the thermopile and bolometer, the detector responsea$ view, indicated asA,, is not filled by the sample being
the result of a temperature difference between the shielded amdeasured. The annular area between the cones defined by lines
exposed portion of the detector. The photosensitive detectd, and B, and linesB; decreases as the size of alkais
then achieves much better time response characteristics thdecreased and as the distance between the aperture and the area
the thermopile or bolometer type. Pyroelectric detectors offe; is increased?).
certain characteristics of each type discussed above. These5.4.2 Asecond aperture may be located close to and in front
combine the wide spectral range and uniform spectral respongd the receiver as shown in Fig. 3. The aperture diamelas,
over that range, which are characteristic of thermal detectorsess than or equal to the receiver diameter. An aperture located
with response approaching that of the photosensitive detectorsear the receiver accurately defines the effective area of the
The photosensitive (photon) detectors with good long wavereceiver. The sensitive area of the receiver is denoted by
length responsivity generally require cryogenic cooling, whichwhich is approximated byrd%4. The viewed area increases
pyroelectric detectors do not. with increasingX. WhenX = I, the viewed area ig,’.

5.4 The size of area viewed is determined by the optics, 5.4.3 The windowW, shown in Fig. 2 and Fig. 3, can be
which in turn determine the amount of energy impining on thereplaced with a lensl., shown in Fig. 4. A lens makes it
receiver. Since responsivity will depend upon the size of arepossible to fill the solid angle from a much smaller area than
viewed, the responsivity may be altered with the optics. can be filled from using the windowy. The optical paths that

5.4.1 The simplest type of optics is shown schematically indetermine the field of view aB;, andB,. WhenXis less than
Fig. 2. One window aperture is shown and the receiver id, B, determines the field of view, which decreases with
represented by\,. The optical paths determining the viewed increasingX. WhenX is greater tham, B, determines the field
area are indicated &; andB,. These lines are the intersections of view, which increases with increasing WhenX = |, the
of the cone defined by the arég and the aperture with the viewed area i\, .
plane of the drawing. The detector will view anything con- 5.4.4 The responsivity of the pyrometer shown in Figs. 3
tained within this cone, and will not view anything outside theand 4 will be identical, but the source arég,, for the lens is
cone. The viewed area on the surface intersecting the cone msuch smaller than the source arég;, for the window.

Recelver A,

= Viewed Area of Heated
Surface A1

Detector Body

FIG. 2 Schematic of Radiation Pyrometer Using One Window and One Aperture
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