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Standard Test Method for
Calibration of Heat Transfer Rate Calorimeters Using a
Narrow-Angle Blackbody Radiation Facility —*

This standard is issued under the fixed designation E 638; 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.

1. Scope departs from the ideal radiative surface is measured by its

1.1 This test method covers employing the narrow beam ofmissivity, a dimensionless. ratiq, which compares thg emission
thermal energy emitted through the aperture of a blackbody t6te qf areal surface or cavity with that of an ideal radiator. The
calibrate calorimetric devices. Although the calorimeter nor-atio is always less than unity. The apparatus constructed as a
mally responds to incident heat which is predominantly conflackbody produces near Planckian radiation by an artifice.
vective, this method of calibration employs radiant energy. Uséultiple internal reflection within the cavity and concurrent
of radiant energy dictates that the absolute value of radiant flugsorption results in nearly all radiation being contained within
at the surface of the calorimeter be determined to provide aH'€ cavity. The losses through the aperture plate required to
accurate calibration. This method, applicable in place of thélilize the radiation created prevents it from being totally
wide-angle source technique, is suited to relatively low value€!anckian. Surface thermal gradients in the cavity walls also
of irradiance (typically less than $av/md). contrlb_ute t_o (_1ep_artures of the emitted flux from a true

1.2 This standard does not purport to address all of thePlanckian distribution. o _
safety problems, if any, associated with its use. It is the 2.6 The symbols used in this test method are defined as
responsibililty of the user of this standard to establish appro-follows:
priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use. diameter of sensor

effective diameter of blackbody cavity

defined expression (Eq 2)

aperture diameter

rate of heat transfer

defined expression (Eq 2)

configuration factor (Eq 2)

distance separating sensor face and effective cavity
temperature

lwllwR=n

2. Terminology

2.1 Heat transfer rate calorimeters are distinguished bye
their ability to respond to convective as well as radiative heatg
transfer. Since the calibration employs only radiant energy, theg
absolute value of the incident flux for calibration must be F
known. This is emphasized because instruments used thb
measure thermal radiation may be calibrated in a similarT

arrangement to evaluate the radiant flux of a source. x = distance separating aperture and effective cavity
2.2 radiant flux— the thermal energy being emitted per unit X = defined expression (Eq 2)
time. a = absorptivity
A = fractional uncertainty (for exampleAu = fractional

2.3 heat transfer rate, as employed in this methedthe
thermal energy per unit time associated with a unit area.

2.4 blackbody— an ideal thermal radiator. It is character- €
ized as a radiator that emits, for an equilibrium temperature, the$
maximum energy density possible at every spectral wave-
length. The ideal blackbody may be approximated to a higls, Summary of Test Method
degree of accuracy by a cavity with opaque walls at a uniform

tenlwlper;a:ﬁre. A _r:ec;)essztiry co_?ditiotn fora btlackb_?ﬁly Is that ih?adiation source is required. Equipment providing the highest
walls of the cavily be at a uniform temperature. The appara uBossible source temperature is recommended. The blackbody is

g;sc'ggggyto perform this function is also often called a,jigneq coaxially with the calorimeter sensor and an aperture

2 5 emissivitv— the dearee to which imen or surf stop is installed between the two. The geometry must be
- emissivity— the degree 1o ch a Specimen or Surtac€qatermined to ensure that a radiative source of precisely
defined size is directed upon the sensor element. The geometric

1 This test method is under the jurisdiction of ASTM Committee E-21 on Spacerelatlons of the system are used to help d_etermm_e a VIeV\{ factor.
Simulation and Applications of Space Technology, and is the direct responsibility off € thermal absorptance of the calorimeter is considered,

Subcommittee E21.08 on Thermal Protection. together with the calculated view factor (which is the dominant
Current edition approved March 31, 1978. Published May 1978.

uncertainty inu)

emissivity

Boltzmann constant

fractional uncertainty, calorimeter readout

3.1 To implement the calibration technique, a blackbody
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FIG. 1 Arrangement of Equipment for Calibration of Calorimeter

variable) to evaluate the radiant flux absorbed at the face of thi®r the calibration in order to minimize the deviation of the

calorimeter. radiation incident upon the calorimeter from a Planckian
o distribution. For example, although a conical cavity may emit
4. Significance and Use essentially uniform radiation in the region of the apex of the

4.1 The calibration technique may be employed on anyone, the temperatures sustained and the corresponding ther-
sensor responsive to applied thermal energy. In this method, ihal flux emitted diminish near the exit end. Prior evaluation of
is intended that the calibration be in terms of an absolutehe cavity (or of others with differing geometries) must
energy deposition rate. During use, energy is normally transestablish the depth to which the radiation emitted from the
mitted to the calorimeter by convection, although the calibrainterior surface is considered to be uniform. The sensor must be
tion employs radiant energy for calibration. For this reason, theubjected to radiant energy emanating from the region of
radiant heat transfer used for calibration must be the absorbaghiform flux emission. It is for this reason that an aperture plate
portion of the radiant flux incident upon the surface of theis introduced. Its geometry restricts the field of view accessible
calorimeter. to the sensor to that from which uniform thermal energy is

4.2 This test method may be used as an alternative to thamitted. The dimension “D” in Fig. 1 is intended to depict the
employing a wide-angle sourdd).? Its principal advantage outer limit of the uniformly heated portion of the cavity. The
lies in the fact that blackbody cavities, such as those thigquation noted on Fig. 1 relates the designated cavity diameter,
method uses, are commercially available. Furthermore, calihe sensor diameter, and other dimensions established for the
bration of a cavity may be directly traceable to the Nationalcalibration equipment arrangement.

Bureau of Standards through brightness temperature measure-
ments. A blackbody cavity provides nearly perfect blackbody5. Apparatus
radiation for low-level heat transfer rate calibration. The g, 1, perform the calibration, three basic elements are

experimental geometries must be carefully arranged and meds, jired: a calibrated blackbody, the calorimeter requiring

sured in order to assess correctly the view factor. In additionC libration, and an aperture stop with which to define the area

the absorptance of the calorimeter surface must be determin% the radiation source. The aperture stop must be cool enough

in order to ogte:]in thelneggngrg); translfsr. The system uses th contribute negligible radiant energy relative to that which
net absorbed thermal radiation for calibration. . passes through the aperture. Typically, a temperature difference

4.3 The primary assumption upon which the method iyt 350 Kk will limit the contribution of an aperture stop at

based is that the calibration is made possible by the use Qfpiant conditions to less tharks4 % of the contributed
spectrally Planckian radiation. However, observation ha%nergy.

shown that gradients exist in some blackbody configurations. 52 The blackbody apparatus is basically a furnace. Its
Therefore, care must be exercised in employing a bIaCkbOdglements usually consist of a refractory liner surrounding a

cavity, a resistance heater, a thick layer of insulation and often,
2 The boldface numbers in parentheses refer to the list of references appended$<9me form of COOlmg water to control the outside temperature

this method. of the equipment. Typical constructions angewmé?fﬂs
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