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1. Scope E 408 Test Method for Total Normal Emittance of Surfaces

1.1 This test method covers a technique for determination of _USing Inspection-Meter Techniquies
the emittance of typical materials using a portable differential E 691 Practice for Conducting an Interlaboratory Test Pro-
thermopile emissometer. The purpose of the test method is to 9ram to Determine the Precision of a Test Method
provide a qomparative means of qgantifying 'Fhe emittance og' Terminology
opaque, highly thermally conductive materials near room o o o
temperature as a parameter in evaluating temperatures, heat-1 Definitions—For deﬂr_nhons of some terms used in this
flows, and derived thermal resistances of materials. test method, refer to Terminology C 168.

1.2 This test method does not supplant Test Method C 835, 3-2 Definitions of Terms Specific to This Standard:
which is an absolute method for determination of total hemi- 3:2.1 diffuse surface-a surface that emits or reflects equal
spherical emittance, or Test Method E 408, which includes twdgadiation intensity, or both, into all directior(g). o
comparative methods for determination of total normal emit- 3-2-2 emissive powet-the rate of radiative energy emission
tance. Because of the unique construction of the portabl@€r Unit area from a surfad).
emissometer, it can be calibrated to measure the total hemi- 3-2-3 émissometer-an instrument used for measurement of
spherical emittance. This is supported by comparison ofmittance.

emissometer measurements with those of Test Method C 835 3-2-4 Lambert's cosine law-the mathematical relation de-
(1).2 scribing the variation of emissive power from a diffuse surface

1.3 This standard does not purport to address all of the@S varying with the cosine of the angle measured away from the
safety concerns, if any, associated with its use. It is thé1ormal of the surface2). o _
responsibility of the user of this standard to establish appro- 3-2-5 normal emittance-the directional emittance perpen-

priate safety and health practices and determine the applicadicular to the surface. . ,
bility of regulatory limitations prior to use. 3.2.6 radiative intensity—radiative energy passing through
an area per unit solid angle, per unit of the area projected

2. Referenced Documents normal to the direction of passage, and per unit t{@2)e
2.1 ASTM Standards: 3.2.7 spectral—having a dependence on wavelength; radia-
C 168 Terminology Relating to Thermal Insulating Materi- tion within a narrow region of wavelengi®). _
als 3.2.8 specular surface-mirrorlike in reflection behavior

C 680 Practice for Determination of Heat Gain or Loss and2)-

the Surface Temperatures of Insulated Pipe and Equipment 3-3 Symbols:Symbols: o
Systems by the Use of a Computer Progtam 3.3.1 For standard symbols used in this test method, see

C 835 Test Method for Total Hemispherical Emittance of Terminology C 168. Additional symbols are listed here:
Surfaces from 20 to 1400%C a = total absorptance, dimensionless

E 177 Practice for Use of the Terms Precision and Bias in @ = SPectral absorptance, dimensionless
ASTM Test Method$ € = total emittance of the high-emittance calibration stan-

dard, dimensionless
€ow = total emittance of the low-emittance calibration stan-

1 This test method is under the jurisdiction of ASTM Committee C-16 on dard, dl_menS|onIess . . .
Thermal Insulation and is the direct responsibility of Subcommittee C16.30 on €spec™ apparent total emittance of the test specimen, dimen-

Thermal Measurements. sionless

Current edition approved November 10, 1998. Published March 1999. Orlglna”y € = apparent total emlttance Of the Surface' dlmen5|on|ess
published as C 1371 - 97. Last previous edition C 1371 - 97.

2 The boldface numbers in parentheses refer to the list of references at the end of
this standard.

2 Annual Book of ASTM Standardgol 04.06. —_—

4 Annual Book of ASTM Standardgol 14.02. 5 Annual Book of ASTM Standardgol 15.03.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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€, = apparent total emittance of the surface 1, dimensionlesshe detector thermopiles are heated in order to provide the
€, = apparent total emittance of the surface 2, dimensionlessecessary temperature difference between the detector and the
€4 = apparent total emittance of the surface of detectorsurface® The differential thermopile consists of one thermopile
dimensionless that is covered with a black coating and one that is covered
€, = apparent total emittance of the surface of specimenwith a reflective coating. The instrument is calibrated using

dimensionless
€, = spectral emittance, dimensionless
N = wavelength, um
p = total reflectance, dimensionless
o = Stefan-Boltzmann constant, 5.669610 % W/m?. K*
T = total transmittance, dimensionless
A = area of surface, fn
k = proportionality constant, V-fwW
Q,,q = radiation heat transfer, W
Qraq = radiative heat flux, W/rh
T, = temperature of the test surface, K
T, = temperature of the radiant background, K
T4 = temperature of the detector, K
T, = temperature of the surface of specimen, K

two standards, one with a high emittance and the other with a
low emittance, which are placed on the flat surface of a heat
sink (the stage) as shown in Fig. 1. A specimen of the test
material is placed on the stage and its emittance is quantified by
comparison to the emittances of the standards. The calibration
shall be checked repeatedly during the test as prescribed in 7.2.

5. Significance and Use

5.1 Surface Emittance Testing

5.1.1 Thermal radiation heat transfer is reduced if the
surface of a material has a low emittance. Since the controlling
factor in the use of insulation may be condensation control or
personnel protection, it is important to note that a low
emittance will also change the surface temperature of a

Vi = voltage output of the detector when stabilized onpaterial. One possible criterion in the selection of these

high-emittance calibration standard

materials is the question of the effect of aging on the surface

Viow = Voltage output of the detector when stabilized ongmjttance. If the initial low surface emittance of a material is

low-emittance calibration standard
\Y

S
specimen

4. Summary of Test Method

4.1 This test method employs a differential thermopile

pec= Voltage output of the detector when stabilized on test

® The sole source of supply of emissometers known to the committee at this time
is Devices & Services Co., 10024 Monroe Drive, Dallas, TX 75229. If you are
aware of alternative suppliers, please provide this information to ASTM Headquar-
ters. Your comments will receive careful consideration at a meeting of the

emissometer for total hemispherical emittance measurement@sponsible technical committee, which you may attend.

HIGH EMITTANCE
DETECTOR ELEMENTS

CABLE

(a)

Note 1—(a) Emissometer measuring head on high-emittance standard during calibration, showing heat sink and cable to readout device. (b) Bottom
view of emissometer measuring head showing high- and low-emittance detector elements. The diameter of the emissometer measuring head is about *

EMISSOMETER
MEASULING

{b)

LOW EMITTANCE
DETECTOR ELEMENTS

HEAT SINK

mm and the detector elements are recessed about 3 mm into the measuring head.
FIG. 1 Schematic of Emissometer



Ay ¢ 1371

not maintained during service, then the long-term value of thebout 0.06) and a blackened standard (emittance about 0.9).
material is diminished. The standards should be traceable to measurements made using
5.1.2 This test method provides a means for comparativan absolute test method (for example, Test Method C 835). Itis
periodic testing of low emittance surfaces in the field. In thisrecommended that one set be used as working standards and
way the effects of aging on the reflective properties can béhe other set be put aside and used for periodic checks of the
monitored. emittance of the working standards. The time period between
5.1.3 This test method can be used to measure the totahecks of the working standards will depend upon the amount

hemispherical emittance with a precision of better th&h02  that the working standards are used.

units, if some care is taken to avoid potential misapplications. 6.1.6 Sample of the Surface to be Testeallected carefully

(1) The emittances of the calibration standards shall have beeso as to preserve the in-situ surface condition. A specimen

obtained from accurate independent measurements of totalightly larger than the outer dimensions of the emissometer

hemispherical emittance. This test method should not be usedeasuring head is carefully cut from the sample.

for specimens that are highly anisotropic or transparent to

infrared radiation. This test method also should not be used fof. Procedure

specimens with significant thermal resistance (see 7.3.4). 7.1 Set-up—A sample of the material to be tested should be
5.1.4 Once a reliable emittance measurement has beeyllected as near as possible to the time of the test, to control

determined, the value can be applied to calculate radiative hegample conditioning history. The emissometer should be set up

flow from the subject surface. For example, if the temperatures near as possible to the sample site, and allowed to equili-

of the surfaceT,, and the temperature of the surroundinGis, brate until the calibrations remain stable, with no drift.

are known, then the radiative heat flow,,Q1is given by: _ _
Note 2—For the emissomet®a warm-up time of 1 h has been found

Qui=Aec (T - T, (1)  to be acceptable.
whereA is the area of the surface, and eittdes assumed to 7.2 Instrument Calibration
be much smaller than the area of the surroundings or the 7.2.1 Place the high- and low-emittance standards on the
emittance of the surroundings is assumed to be unity. Iheat sink. Thermal contact between the standards and the heat
desired, this radiative heat flow can be combined with convecsink is improved by filling the air gaps between the standards
tive heat flow to calculate the total heat flow from the surfaceand the heat sink with distilled water or other high conductance
(a method which may be appropriate is described in Practicenaterial.

C 680). 7.2.2 Place the emissometer measuring head over the high-
emittance standard. Allow at least 90 s for the reading to
6. Apparatus stabilize.

6.1 This test method applies only to emittance tests con- 7.2.2.1 If a standard millivoltmeter is used as the readout
ducted by means of a heated, differential thermopile emissonfi€Vice, record the output voltage. .
eter, such as that shown in Fig. 1. The following elements are /-2-2:2 If the emittance is read out directly, use the variable
used: gain control on the readout device to adjust the readout to be
6.1.1 Differential Thermopile Radiant Energy Detecter ~€dual to the emittance of the high-emittance standard.
The differential thermopile consists of elements with high and /-2-3 Place the emissometer measuring head over the low-
low emittance that produce an output voltage proportional tgmittance standard, and again allow at least 90 s for the reading
the temperature difference caused by different amounts dP Stabilize. . .
thermal energy emitted and absorbed by each. The output7'_2'3'l If a standard m|II|voItmet¢r is used as the rgadout
voltage is proportional to the emittance of the surface that thd€Vice, calculate the expected reading from the low-emittance
detector faces. standard by means of (Eq 2) (see Section 8). Then adjust the
6.1.2 Controlled Heater—Within the emissometer measur- °ffS€t trimmer on the emissometer until the readout value

ing head that maintains the head at a temperature above that39rees W'trf] tEe calc;ulated _readlndg. directl
the specimen or calibration standard. 7.2.3.2 If the emittance is read out directly, use the offset

6.1.3 Readout Device-Typically a digital millivoltmeter, trimmer control on the emissometer to adjust the readout to be
and may include a means of conditioning the thermopile outpu‘laqual fo the emittance of the low-emittance standard. .
signal so that the emittance can be read directly. 7_.2.4 Place the emlss_ometer measuring head over the high-

emittance standard again, and repeat the procedure in 7.2.1-

Note 1—The emissometérhas a direct readout of emittance, with a 7.2 3, until the measuring head can be moved from one
resol_ution 0f=0.01 units. quthework described in R@&), the resolution  standard to the other without requiring any adjustment to
was increased ta-0.001 units. obtain the expected reading.

6.1.4 Heat SI!’lk Stage-A heat sink with a flat Surfac_e or Note 3—Devices & Services Cbsuggests that for best accuracy when
stage upon which the reference standards and specimen afgjyating low-emittance specimersoglow about 0.2), a high-emittance
placed, and which provides a means of maintaining the&tandard should be used that is in about the same emittance range as the
standards and specimen at the same, stable temperature. specimen(3). In general, the closer the emittance of the high-emittance

6.1.5 Reference Standardsthe manufacturer of the emis- reference standard is to that of the specimen, the less the detector will
somete? supplies two sets of reference standards, each s@yershoot, and the accuracy of the measurements will be improved.
consisting of a polished stainless steel standard (emittance 7.3 Specimen Collectian
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7.3.1 Since many different kinds of materials can be tested 9.1.1 Name and any other pertinent identification of the
by means of this technique, different specimen collectiormaterial, including a physical description.
procedures may be required, depending on the nature of the9.1.2 Description of the specimen and its relationship to the
material. In general, the procedure should ensure minimursample, including a brief history of the specimen, if known.
alteration of the specimen surface. For example, if the emit- 9.1.3 Thickness of the specimen as received and as tested.
tance of a dust-covered specimen is desired, the dust shall not9.1.4 Temperature of the room in which the measurements
be removed. were conducted, °C.

7.3.2 All contact with the specimen surface shall be 9.1.5 Source and assigned emittance values of the calibra-
avoided. Furthermore, the specimen surface shall not bgon standards.
exposed to a flow of gas or liquid that is not ordinarily present 9.1.6 Measured values of emittance. Two measured values
as installed. If power tools are used, care should be taken téhould be reported to demonstrate repeatability of the particu-
prevent disturbance of any surface deposit layer (dust, etc.) dugr instrument for the particular type of surface.
to vibration. Handling and time lag before emittance measure- 9 1.7 Date of the test, and time periods involved in the test.

ment should be minimized. o 9.1.8 Statement of compliance or, where circumstances or
7.3.3 The specimen shall be flat to within 0.25 mm over anrequirements preclude complete compliance with the proce-
area equal to that of the emissometer measuring head. dures of the test, agreed exceptions. A suggested wording is:

7.3.4 The specimen thermal conductance (that is, thermairhis test conformed with all requirements of ASTM C 1371
conductivity divided by specimen thickness) shall be greatejyith the exception of (a complete list of exceptions follows).”

than 1100 W/MK, corresponding to a thermal resistance of g 1.9 Estimated or calculated uncertainty in reported values.
less than 0.00091 #K/W. For example, if the specimen

material is glass, with a thermal conductivity of about 1.01g precision and Bias
W/m-K, then the specimen thickness shall be less than 0.91
mm.

7.4 Measurement of Specimen Emittan€Ehe procedure
givenin 7.4.1-7.4.4.2 shall be used to measure the emittance
the specimen of material.

7.4.1 Recheck the emissometer calibration as per 7.2. 1011 Test determinati d . f
7.4.2 Leave the high-emittance standard in place, but re- =" est determinations were made on one specimen o

move the low-emittance standard from the heat sink an&eaqh mater@al at one laboratory on 23 different days spanning
replace it with the specimen. For non-hygroscopic specimené"‘ time period of about one year. On each day, two test

a few drops of distilled water or other high conductancedeter.m'n""t'?nS v;/etrel Ti%et b¥ a slltngle ope;at'orl ?An ?ﬁCh
material should be used to improve the thermal contactPeciMen, ]?r a hoa f il est resuits gelra\m_a elrla. not ert
between the specimen and the heat sink. Do not use water wi ecimen (I) beact ma enz wt;aNs ptrepta:je t' S'n%e operator ah

hygroscopic specimens, such as paper. Allow at least 90 s f € same faboratory made two test determinations on eac
o specimen on one day. A single operator at another laboratory
temperatures to stabilize. ade two test determinations on each specimen on one day and
7.4.3 Place the emissometer measuring head over the hig our test determinations on each s ecin?en three days Iate?/ Yet
emittance standard, and wait for the output reading to stabilize, : P y .
another specimen of each material was prepared. A single

Irfegdsi%ndard millivoltmeter is used, record the output VOItageoperator at the first laboratory made two test determinations on

. . each specimen on one day. A single operator at a third
/.44 Place the emissometer measuring head over the SPCfhoratory made four test determinations on each specimen on
men, and wait for the output reading to stabilize. y P

7.4.4.1 If the emittance is read out directly, record the valuegr:gcggg' g ggsietgag:t;\:fnrﬁ]:r:zlyzetd bblyt the [jnethodz gl_\ge_lr_l n
for the specimen. - peatabiiity and reproductbiiity
7.4.4.2 If a standard millivoltmeter is used, the emittance O#|m|ts. The fact that many of the test de.termlnat.lons.were made
the .sbe.cimen shall be calculated using (Eq ’3) over an extended period of time was ignored in this analysis.
) 10.1.2 Additional specimens of stainless steel and copper

8. Calculations were prepare_d. Each specimen was mgasured at the first
' laboratory using an emissometer. The first laboratory also
8.1 The expected reading of low emittance standard (stammeasured the total hemispherical emittance of a specimen of
dard millivoltmeter) is given by: stainless steel using Test Method C 835. Three other laborato-

Viow = €ow X Vileni (2)  ries used absolute techniques to determine the total hemispheri-

cal emittance of each of the materials. The techniques were a

8.2 The emittance of specimen (standard millivoltmeter) is . )
P ( ) calorimeter, a reflectometer, and an infrared thermometer.

10.1 Interlaboratory Test Program-An informal interlabo-
ratory comparison was conducted during 1988 and 1489
§|pecimens of Type 304L stainless steel  0.12) and
electrolytic tough pitch coppere(~ 0.04) were specially
prepared.

given by: 10.2 Test Resul-Each separate test determination from the
€spec™ Vspec X €n Vi () three laboratories was treated as a test result, for a total of 60
test results per material.
9. Report 10.3 Precision—The numerical values are in dimensionless

9.1 The report of the results of each test shall have all dateamittance units. Repeatability limit and reproducibility limit
be reported in Sl units. Report the following information: are used as specified in Practice E 177. The respective standard
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deviations among test results may be obtained by dividing thetainless steel and copper specimens. The analyses showed no

above limit values by 2.8. statistically significant difference (at the 5 % significance level)
Stainless Steel Copper between the average values obtained with the emissometer and
95 % repeatability limit (within lab- 0.011 units  0.015 units the absolute techniques. It is concluded that there is no
oratory) .. e g . . .
95 % reproducibility limit (between 0.015 units 0.019 units statlstlcally Slgmﬂcant bias in this test method.
laboratories)

10.4 Bias—Statistical analyses were performed on the re-11. Keywords
sults of paired measurements by the emissometer and the11 1 emissometer: emittance: portable
absolute techniques. Separate analyses were performed for the

APPENDIX
(Nonmandatory Information)

X1. HEMISPHERICAL EMITTANCE MEASUREMENTS

X1.1 Because of the application to aging of reflective Emissometer measuring head
insulations, there is considerable interest in employing this test
method for measurements of hemispherical emittance. Thispetector
appendix details the pros and cons of using the test method to \
quantify hemispherical emittance.

X1.1.1 This test method is different from either of two other
techniques (Test Method C 835 and Test Method E 408) for
measurement of hemispherical emittance. Instruments for mea-
suring hemispherical emittance typically comprise an enclosed
highly reflective envelope, the only absorbing/emitting sur-
faces being the specimen and the detector or flux source, or
both. Alternatively, the specimen is heated, and the total flux
through the specimen is measured. The manufacturer of th
one instrument known to conform to this test method intended
for their instrument to measure the total hemispherical emit-
tance, but because of the directional properties of many real
surfaces (especially metals), the property that is measured is .
somewhere between the hemispherical and normal emittance Specimen
values(4). FIG. X1.1 Cross-section of Emissometer Measuring Head,

X1.1.2 Note that the detector plane is parallel to the plane of ~ ShoWing Plane Angle Subtended by Detector Element
the specimen in Fig. X1.1. For the instrument of this test

method, the source of emitted thermal energy is the exposed ) ) )
surface of the detector itself, and the heat flow is from theSimilar plot for some dielectric materiai$). Note that for

detector surface to the specimen surface. Since the absoli@uminum, the emittance is about 0.04 for angles of 0 to about
temperature of the detector is known and the heat flow i$8° from normal. For angles greater than 38° from normal, the
measured—and since the instrument is calibrated againsmittance increases, reaching about 0.14 at an angle of about
standards of known emittance, at the same temperature as a t&88f from normal. The average of the integral of this curve (the
specimen—the emittance of the test specimen can be solvdeemispherical emittance) appears to be about 0.057—a differ-

from: ence of almost 42 % from the normal emittance. This high
(T4~ T/ degree of sensitivity to direction signifies the existence of a
V=kXo <m> (X1.1)  large specular component to the reflectance of such a surface

wherek is a proportionality constant (there will be some diffuse emittance/reflectance, as well).

X1.1.3 The arrangement of the detector is such that its X1.1.5 For aluminum oxide, the directional emittance is
voltage response is a function of its own diffuse radiation of@bout 0.82 at the normal angle, rises to a peak of probably
heat energy5), and that the emitted radiation is attenuated byabout 0.83 at 45° from normal, and then declines to around
the energy reflected from the specimen surface over a detectBr74 at an angle of around 85° from normal. The hemispherical
exposure angle of about 168—169° @bout 84° from normal). €mittance would appear to be around 0.813—a difference from
This is illustrated in Fig. X1.1. the normal emittance of only 2%. This nearly constant

X1.1.4 Fig. X1.2(a) shows the directional emittance ofdistribution is a good example of a material which is mainly
some smooth metal surfaces, while Fig. X1.2(b) shows aliffuse (that is, it obeys Lambert’s cosine law).
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Note 1—(a) Electrical conductors, (b) electrical nonconductors (6).
FIG. X1.2 Directional Emittance of Selected Materials

X1.1.6 Since the detector/heat source plane is all heated arsirface of emittance less than 1.0, a fraction of the energy
parallel to the specimen plane (and since the specimen temadiated from the detector will be reflected from the specimen
perature is uniform) the radiation emitted by the detector willsurface.
primarily be normal to the specimen. Because the detector a+ptr=1 (X1.2)
surface coating is highly diffuse, however, some of the radia-
tion leaving the detector area may reach the unheated wall owhere:
the emissometer measuring head. Because the inner surface @f = absorptance,
this wall is also dull and diffuse, most of this direct irradiation P = reflectance, and
from the detector will be absorbed by the wall, effecting a bias™ _ = transmittance. o _
error. The calibration process should eliminate this error, as this 70" Simplification, by considering only those materials

bias will be the same for both the calibration standards and th¥/hich are opaque to infrared radiatiom £ 0), the energy
test specimens. balance reduces to:

X1.1.7 The next step is to consider what happens to the atp=1 (X1.3)
radiant energy that strikes the specimen surface. The generalso that only the energy absorbed by the specimen and the
radiant energy balance equation illustrates that for any testnergy reflected by the specimen need to be considered for a
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full accounting of the energy emitted by the detector. Furtherthe specimen is diffuse, because energy reflected from the

more, Kirchoff's Radiation Law states that, at thermal equilib-standards will mainly be reflected back directly onto the

rium: detector plane, there will be little bias error intrinsic to the
a, =€, (X1.4) calibration. If the instrument is calibrated to the normal

so that the fraction of the radiant energy absorbed by th&mittance of the stan_dards, very little measurement error WiII_
specimen (compared to the energy that could be absorbed byP&Cur for normal emittance measurements on the test speci-
blackbody at the same temperature) is equal to the emittance Bten, since any energy loss due to diffuse reflection from the
the specimen at these conditions. surface immediately under the detector will be compensated
X1.1.8 The detector cannot differentiate the amount offor by the energy reflected diffusely from the annular area
energy absorbed by the specimen from the total energy emittéthmediately surrounding. On the other hand, if the instrument
by the detector. In fact, it is the total energy emitted by theis calibrated to the hemispherical emittance value of the
detector that is evaluated to determine the emittance (absorppecular standards, it still measures only a portion of the energy
tance) of the specimen. Basically, this works because thehich relates more to hemispherical emittance from the
reflected energy from the specimen returns to the detector andktector, attenuated by reflectance from the specimen over a
is reabsorbed, so that the total detector radiated energy #69° exposure. If there is significant reflectance or emittance
reduced to the value necessary to calculate the correct spe¢iom the standards in the region 85-90° from normal (from
men emittance. It can be easily seen that if some mechanisfig. X1.2(a)), we see that this apparently occurs with some
causes part of the reflected energy not to be returned to thghiny metals), then calibration to the known hemispherical
detector, an error would result. A study of the radiant heagmijttance values of the standards will be accomplished by
transfers in the instrument should reveal what conditions (iﬁ:orrecting the instrument to account for lost hemispherical
any) might cause such an error. energy. If the instrument is then used to measure the emittance
X1.1.9 Assuming a detector temperature of 355;4 K (180°F) 4 diffuse specimen, the reflected energy actually returning to
anq a specimen temperature of 295.4 K (72°F), (Eq 1)the detector will be somewhat higher than expected, and the
indicates: output of the instrument will contain a low bias error. This error
Oraq = 5.6696x 10 8 x (355.4 — 295.4% = 472.8W/m? might occur on aged aluminum reflective insulations or jack-
(X1.5)  eting or on diffuse reflective paints and coatings, wherein the
for blackbody exchange between the two surfaces. If thexisting hemispherical emittance might be measured as a value
specimen emittance is actually 0.90, only 90 % of this energyelow the true hemispherical emittance.
will actually be absorbed; the remainder will be reflected from x1.1.12 An even greater error may occur with either specu-
the specimen. Therefore, 0.90472.8= 425.5 W/nf (7)will |4y or diffuse standards if the specimen is directionally specu-
be absorbed, and 472.8 - 425:47.3 wint (8) will 'be |1 thatis, if the sample emits or reflects non-diffusely, or both,
reflected. If the specimen is perfectly specular, all this energy, ; ot some angle far from normal to the surface as is exhibited
will be reflected back into the detector, effecting a 10 %y, qome machined surfaces. This has been confirmed by the
reduction in the total heat flow through the thermopile (90°qqits of one test conducted on a stainless steel disk that was

incident radiation will be reflected at 90°). rooved and polished on one side and smooth but not highly

o nﬁig&?&;&?ig??:ﬁﬂ% ':;::; Sps\fr']?;ﬁni;sgf?;gt: dd'ff:gigolished on the other side. The smooth, not highly polished
' gy side of the disk was resolved at abowit= 0.16 by three

that part of the specimen surface directly beneath the deteCt?a{boratories while the grooved-and-polished side read about
will be reflected away from the detector. At first, this might 046 Th’e detector could only “see” the grooved side as a

seem to present a potential source of error. However, the. ) )
diameter of the specimen is much larger than the diameter igher emittance because the detector received a lower re-

the detector, and the detector is imbedded flush in the center §fCted energy from the groovefd side of the specimen—the
a plane which is also heated, and which has the same emittangBecimen reflected the detector's emitted energy away, toward
as the detector itself. This arrangement serves somewhat adhg¢ walls. A true hemispherical device would have recaptured
“guard” for the detector, such that reflected energy lost due t&iS energy and redirected it to the detector to correctly
the diffuseness of the specimen surface immediately beneagitenuate the heat flow and the detector output voltage (this
the detector is compensated for by the diffuse component diffect can be seen mathematically in (Eq 1)). The correct
reflected energy from the outer portion of the specimen surfaceemispherical emittance should then have been resolved at
(the source of this energy being the heated guard area aroudg@proximately 1.23< 0.16=0.20 (1) (maximum, since the
the detector). smooth back surface was not polished). (Note that the 0.46
X1.1.11 For the case where the instrument is calibrated/alue was probably close to the correct normal emittance for
using specular standards (those normally supplied) but whetthis specimen.)
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