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1. Scope 1.6 Specific procedures for the thermal testing of window

1.1 This test method covers the laboratory measurement @nd door systems are described in Test Method C 1199 and
heat transfer through a specimen under controlled air temper&ractice E 1423. The hot box also may be used to investigate
ture, air velocity, and thermal radiation conditions establishedhe effect of non-homogeneous building assemblies such as

in a metering chamber on one side and in a climatic chambeftructural members, piping, electrical outlets, or construction
on the other side. defects such as insulation voids.

neous or nonhomogeneous specimens. This test method mg§tablish procedures or criteria for conducting dynamic tests or
be applied to any building structure or composite assemblies §Pr analysis of dynamic test data. However, several hot box
building elements for which it is possible to build a represen-2Pparatuses have been operated under dynamic (non-steady-

tative specimen of a size that is appropriate for the apparatugtate) conditiongl). Dynamic control strategies have included
both periodic or non-periodic temperature cycles, for example,
Note 1—This test method was prepared for the purpose of replacingqs follow a diurnal cycle.
Test Methods C 236 and C 976. The test method was developed by 1.8 This test method does not permit intentional mass

combining the technical information contained in the two existing hot box f f ai . h h th . duri
methods with some additional information added to improve the tesfrans er of ar or moisture through the specimen during

accuracy and reproducibility. Test apparatus, designed and operated undg€asurements of energy transfer. Air infiltration or moisture
Test Methods C 236 and C 976, should, in most cases, meet the requirBdigration can significantly alter net heat transfer. Complicated
ments of this test method with only slight modifications to calibration andinteractions and dependence upon many variables, coupled
operational procedures. with only a limited experience in testing under such conditions,
1.3 This test method is intended for use at conditions typicahave made it inadvisable to include this type of testing in this
of normal building applications. The usual consideration is totest method. ASTM Subcommittee C16.30 has several task
duplicate naturally occurring outside conditions that in tempergroups that are researching this testing need, and will be
ate zones may range from approximately —48 to 85°C angdreparing a separate standard. Further considerations for such
normal inside residential temperatures of approximately 21°Ctesting are given in Appendix X1.
Building materials used to construct the specimens are gener-1.9 This test method sets forth the general design require-
ally pre-conditioned to typical laboratory conditions of 23°C ments necessary to construct and operate a satisfactory hot box
and 50 % relative humidity prior to assembly. Practice C 87Capparatus, and covers a wide variety of apparatus construc-
may be used as a guide for sample conditioning. Furthetions, test conditions, and operating conditions. Detailed de-
conditioning prior to testing may be performed to providesigns conforming to this test method are not given, but must be
moisture conditioned samples, if necessary. developed within the constraints of the general requirements.
1.4 This test method permits operation under natural oExamples of analysis tools, concepts, and procedures used in
forced convective conditions at the specimen surface. Th#e design, construction, calibration, and operation of a hot box
direction of air flow motion may be either perpendicular or apparatus are provided in Refs (1-26).
parallel to the surface. 1.10 This test method does not specify all details necessary
1.5 The hot box apparatus also can be used for measuréer the operation of the apparatus. Decisions on sampling,
ments of individual building elements that are smaller than thespecimen selection, preconditioning, specimen mounting and
metering area. Special calibration specimens and procedurgesitioning, the choice of test conditions, and the evaluation of
are required for these tests. The general testing procedures figst data shall follow applicable ASTM test methods, guides,
these cases are described in Annex A4. practices, or product specifications or government regulations.
If no applicable standard exists, sound engineering judgment
Lo . S . that reflects accepted heat transfer principles shall be used and
This test method is under the jurisdiction of ASTM Committee C-16 on

Thermal Insulation and is the direct responsibility of Subcommittee C16.30 Ondocumented. .
Thermal Measurements. 1.11 In order to ensure the level of precision and accuracy
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expected, persons applying this test method must possess a Tables for Thermocouplés

knowledge of the requirements of thermal measurements and E 283 Test Method for Rate of Air Leakage Through

testing practice and of the practical application of heat transfer Exterior Windows, Curtain Walls and Dodrs

theory relating to thermal insulation materials and systems. E 1423 Practice for Determining the Steady State Thermal

Detailed operating procedures, including design schematics Transmittance of Fenestration Systéms

and electrical drawings, should be available for each apparatus E 1424 Test Method for Determining the Rate of Air Leak-

to ensure that tests are in accordance with this test method. = age Through Exterior Windows, Curtain Walls, and Doors
1.12 The hot box apparatus, when constructed to measure Under Specified Pressure and Temperature Differences

heat transfer in the horizontal direction, can be used for testing Across the Specimén

walls and other vertical structures. When constructed to mea- 2.2 Other Documents:

sure heat transfer in the vertical direction, the hot box can be ASHRAE Handbook 1993 Fundamentals Volume, Ameri-

used for testing roof, ceiling, floor, and other horizontal can Society of Heating, Refrigerating and Air Condition-

structures. Other orientations are also permitted. The same ing Engineers, Iné.

apparatus may be used in several orientations but may requirelSO Standard 8990 Thermal Insulation Determination of

special design capability to permit repositioning to each Steady State Thermal Properties—Calibrated and Guarded

orientation. Whatever the test orientation, the apparatus per- Hot Box, ISO 8990-1994([)

formance first shall be verified at that orientation with a ]

traceable specimen in place to confirm its ability to accurately>- Terminology

obtain results at that orientation. 3.1 Definitions—Definitions of terms relating to insulating
1.13 This standard does not purport to address all of thematerials and testing used herein are governed by Terminology

safety concerns, if any, associated with its use. It is theC 168. All terms discussed in this test method can be assumed

responsibility of the user of this standard to establish approto be those associated with thermal properties of the tested

priate safety and health practices and determine the applicaspecimen unless otherwise noted.

bility of regulatory limitations prior to use. 3.2 Definitions of Terms Specific to This Standard:
3.2.1 metering box energy flomm—The time rate of energy
2. Referenced Documents loss or gain through the walls of the metering box that must be
2.1 ASTM Standards: subtracted from or added to the energy input to the metering
C 168 Terminology Relating to Thermal Insulating Materi- Chamber as part of the determination of the net energy flow
al through the test specimen. A more complete discussion of the

C 177 Test Method for Steady-State Heat Flux MeasureMetering box loss is provided in Annex Al.
ments and Thermal Transmission Properties by Means of 3-2.2 flanking path energy flown—The time rate of energy
the Guarded-Hot-Plate Apparatus loss or gain from the metering chamber to the climatic chamber
C 236 Test Method for Steady-State Thermal Performancéat passes through the sample or sample holder beyond the
of Building Assemblies by Means of a Guarded Hot Box boundaries of the metering chamber. This energy exchange
C 518 Test Method for Steady-State Heat Flux MeasureMust also be subtracted from or added to the energy input to the
ments and Thermal Transmission Properties by Means dhetering chamber as part of the determination of the net energy

the Heat Flow Meter Apparatis flow through the test specimen. A more complete discussion of
C 870 Practice for Conditioning of Thermal Insulating Ma- the flanking loss is provided in Annex A3. _
terial 3.2.3 surface resistance,R-the quantity determined by the

C 976 Test Method for Steady-State Thermal Performancémperature difference, at steady state, between an isothermal
of Building Assemblies by Means of a Calibrated Hot Box surface and its surroundings that induces a unit heat flow per

C 1045 Practice for Caiculating Thermal TransmissionUnit area by the combined effects of conduction, convection,
Properties from Steady-State Heat Flux Measurerients and radiation. Subscript and ¢ are used to differentiate

C 1058 Practice for Selecting Temperatures for Reportingﬁ?etwee” hot side and cold side surface resistances, respec-
and Evaluating Thermal Properties of Thermal Insulafions ively. Surface resistances are calculated as follows (see Note

C 1114 Test Method for Steady-State Thermal Transmission):

Properties by Means of the Thin-Heater Apparatus A (tpn— 1) L
C 1132 Practice for Calibration of the Heat Flow Meter Ro = Q @
Apparatus A (t, ~ o)
C 1130 Practice for Calibrating Thin Heat Flux Transduc- R=—"aq @
ers

i 3.2.4 Overall thermal resistance, , R- the quantity
C 1199 Test Method for Measuring the Steady State Thelgatermined by the temperature difference, at steady state,

malr']l'rggsmittance of Fenestration Systems Using Hot BOXgt\veen the environments on the two sides of a body or
Metho
E 230 Standard Temperature-Electromotive Force (EMF)___

2 Annual Book of Standargd&ol 14.01.
4 Annual Book of Standard&/ol 04.07.
5 Available from ASHRAE Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.
2 Annual Book of Standarg&/ol 04.06. 8 Available from ANSI, 105-111 South State St., Hackensack, New Jersey 07601.
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assembly that induces a unit heat flow per unit area by thqz = area We|ghted temperature of the specimen cold

combined effects of conduction, convection and radiation. It is surface, K or °C
equal to the sum of the resistances of the body or assembly ang = average air temperature 75 mm or more from the

of the two surface resistances and may be calculated as cold side surface, K or °C
follows: tm = average specimen temperature—average of two
Ae (o —t) opposite surface temperatures, K or °C

R, :% (3) At = temperature difference between two planes of

interest, K or °C
=R +R+R, At = temperature difference—surface to surface, K or

3.2.5 Surface Coefficient Determination — An expanded °C

discussion of the interactions between the radiation andla-a
convective heat transfer at the surfaces of the test sample iGeft
included in Annex A6. The material presented in Annex A6
must be used to determine the magnitude of the environmentehJ

= temperature difference—air to air, K or °C
effective thermal time constant of combined
apparatus and specimes,

= thermal transmittance, W/#K)
3.4 Equations—The following equations are defined here to

temperature which may be required to correct for radiation hea§imp|ify their use in the Calculations section of this test

flow from the air curtain baffle.

method.

3.2.6 For very non-uniform specimens where the heat 3.4.1 apparent thermal conductivity:

transfer is greatly different from one area to another, and if

Q-L

detailed temperature profiles are not known, only the net heat A= Alt,=t) 4)
transfer through the specimen may be meaningful. In these

cases, only the overall resistance,, Rand transmission
coefficient, U, are permitted.

Note 2—Materials are considered homogeneous when the value of the
thermal conductivity is not significantly affected by variations in the
thickness or area of the sample within the range of those variables

3.3 Symbols:SymbaoisThe following are symbols, terms, normally used.

and units used in this test method.

mo> >

= radiative surface heat transfer coefficient,

3.4.2 thermal resistance, R
A -t
metered area, fn R=—23 ®)

thermal conductivity, W/(meK) .
thermal conductance, W/AYK) 3.4.3 thermal conductance, :C

emf output of heat flux transducer or c= Q ©6)
thermocouple, V As (=t

surface heat transfer coefficient, hot side, Nore 3—Thermal resistanceR, and the corresponding thermal
W/(m?eK) conductanceC, are reciprocals, that is, their product is unity. These terms
surface heat transfer coefficient, cold side, apply to specific bodies or constructions as used, either homogeneous or
W/(mZ'K) heterogeneous, between two specified isothermal surfaces.
convective surface heat transfer coefficient,

3.4.4 surface heat transfer coefficient, s often called
surface conductance or film coefficient. Subscripendc are
used to differentiate between hot side and cold side surface

W/(m?eK)

W/(m?2eK) .

length of the heat loss path (usually the thickness conductan_ces, respectively. These conductances are calculated
as follows:

of the test panel), m

heat flux (time rate of heat flow through unit area ho— Q @

A), W/m2 n A (ten\m_tl)

time rate of heat flow, total power input to the o Q

metering box, W
thermal resistance ffK/W
surface resistance, hot sideZe/W

=g 8
¢ Ae (t2 - ten\gc) ( )
Note 4—The surface heat transfer coefficiemt,and the corresponding
. . surface resistanc®;, (see 3.5.1) are reciprocals, that is, their product is
surface resistance, cold side?s/W

overall thermal resistance, /W uniy.
heat flux transducer calibration factor (a function  3.4.5 thermal transmittance, Usometimes called overall

of temperature), W/(fV) coefficient of heat transfer). It is calculated as follows:
temperature of ambient air, K or °C Q
the effective environmental temperature including Us ) 9)

.o . A (ten\gh tenvc)
radiation and convective effects, K or °C (See ) ’
Annex A6) The transmittance can be calculated from the thermal
average air temperature 75 mm or more from the conductance and the surface heat transfer coefficients as

hot side surface, K or °C follows:
area weighted temperature of specimen hot 10U = (1) + (1C) + (/) (10)

o
surface, K or °C Note 5—Thermal transmittancel), and the corresponding overall
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thermal resistancey, (see 3.5.2), are reciprocals, that is, their product isflat impervious plates. This test method is more suitable for
unity. providing such data for large specimens, usually of a built-up
or composite nature, that are exposed to temperature-controlled
air on both sides.

4.1 The hot box apparatus is designed to determine thermal 52 For the results to be representative of a building
performance for representative test specimens by establishir@nstruction, only representative full-scale sections should be
and maintaining a desired steady temperature difference acrogssted. The specimens should duplicate framing geometry,
the test specimen for the period of time necessary to ensui@aterial composition and installation practice, and orientation
constant energy flux and steady temperatures, and for agf construction.
additional period adequate to measure these quantities to thes 3 This test method does not establish test conditions,
desired accuracy. specimen configuration, or data analysis procedures, but leaves

4.2 To determine the conductan€g, the transmittance),  these choices to be made in a manner consistent with the
or the resistanceR, of any specimen, it is necessary to know specific application being considered. Data obtained by the use
the area,A, the net energy flo@ and the temperature of this test method will be representative of the specimen
differences AT, all of which must be determined under such performance only for the conditions of the test. It is unlikely
conditions that the flow of energy is steady. that the test conditions will exactly duplicate in-use conditions

4.3 The area and temperatures can be measured directiynd the user of test results must be warned about possible
The energy flowQ, however, cannot be directly measured. Tosignificant differences.
determine the net energy flow through the specimen, a five- 54 Detailed heat flow analysis should precede the use of the
sided metering box is placed with its open side against th@ot box apparatus for large, complex structures. Structures
warm face of the test panel. which contain cavity spaces between adjacent surfaces, that is,

4.4 1f there were no net energy exchange across the wallgn attic section including a ceiling with sloping roof, may be
that of the metering box and the flanking loss around thejifficult to test properly. Consideration must be given to the
specimen is negligible, then the heat input from the fan angffects of specimen size, natural air movement, ventilation
heaters minus any cooling coil energy extraction from theeffects, radiative effects, baffles at the guard/meter interface,
metering box would be a measure of the energy flux througlatc. when designing the test arrangement.
the metered area of the specimen. 5.5 For vertical specimens with air spaces that significantly

4.5 Sinceitis impractical to have the condition described inaffect thermal performance, the metering chamber dimension
4.4, the hot box apparatus must be designed to obtain aghould ideally match the construction height. If this is not
accurate measure of the net sample heat flow. The net energyssible, horizontal convection barriers shall be installed inside
transfer through the specimen is determined from net measurgge test specimen air cavities at the metering chamber
energy input to the metering chamber, corrected for the lossaspundaries to prevent air exchange between the metering and
through the chamber walls and flanking loss for the specimeguarding areas.
at the perimeter of the metering area. 5.6 Since this test method is used to determine the total

4.6 The heat loss rate through the metering chamber walls isnergy flow through the test area demarcated by the metering
limited by the use of hlghly insulated walls, by control of the box, it is pOSSible to determine the energy flow through a
surrounding ambient temperature, or by use of a temperatuligilding element smaller than the test area, such as a window
controlled guard chamber. or representative area of a panel unit, if the parallel heat flow

4.7 The portion of the specimen or specimen frame outsidgnrough the remaining surrounding area is independently
the boundary of the metering area, exposed to the guardingetermined. See Annex A4 for the general method.
space temperature, constitutes a passive guard to minimizes 7 piscussion of all special conditions used during the test

flanking heat flow in the test panel near the perimeter of thehal be included in the test report (see Section 12).
metering area (see Annex A3 and Annex A4).

4.8 Both the metering chamber wall loss and the flanking®- Apparatus
loss corrections are based upon a series of calibration tests6.1 Introduction—The design of a successful hot box
using specimens of known thermal properties that cover thepparatus is influenced by many factors. Before beginning the
range of anticipated performance levels and test conditions (sefesign of an apparatus meeting this test method, the designer

4. Summary of Test Method

Annex Al-Annex A3 for details). should review the discussion on limitations and accuracy in
o Section 13, discussions of metering box loss inAnnex Al and
5. Significance and Use Annex A2, and flanking loss, Annex A3. This, hopefully, will

5.1 There is a need for accurate data on heat transferovide the designer with an appreciation of the required
through insulations and through insulated structures. The datachnical design considerations.
are needed to judge compliance with specifications and 6.2 Definition of Location and AreasThe major
regulations and are needed for design guidance, for researcomponents of a hot box apparatus are (1) the metering
evaluations of the effect of changes in materials orchamber on one side of the specimen, (2) the climatic chamber
constructions, and for verification of, or use in, simulationon the other, (3) the specimen frame providing specimen
models. Other ASTM standards such as Test Methods C 173upport and perimeter insulation, and (4) the surrounding
and C 518 are adequate in providing data on small scal@ambient space. These elements must be designed as a system to
homogeneous specimens bounded by temperature controll@dovide the desired air temperature, air velocity, and radiation

4
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conditions for the test, and to accurately measure the resultingsistivity. Polystyrene or other foam materials have been used
net heat transfer. A diagram of the relative arrangement o$ince they combine both high thermal resistivity, good
those spaces is shown in Fig. 1. mechanical properties, and ease of fabrication. One potential
6.2.1 The basic hot box apparatus can be assembled inpxoblem with some foams is that they exhibit time-dependent
wide variety of sizes, orientations, and designs. Twothermal properties that would adversely affect the thermal
configurations historically have been used for a majority of thecalibration of the apparatus. Most problems associated with the
designs. The first is the classic guarded hot box, which has ase of these materials can be avoided if material is selected that
controlled “guard” chamber surrounding the metering box. Anis initially well along the aging process and by periodic checks
example of this configuration is presented in Fig. 2. of calibration to guarantee that the calibration has not changed
6.2.2 The second configuration is known as the calibratedignificantly over time.
hot box. This configuration can be considered a special case of 6.5 Metering Chamber
the guarded hot box in which the surrounding ambient is used g 5.1 The minimum size of the metering box is governed by
as the guard chamber. An additional design consideration fohe metering area required to obtain a representative test area of
this hot box design is that the metering chamber walls mustpecimen and for maintenance of reasonable test accuracy. For
have sufficient thermal resistance to reduce 'ghe metering Wagxamme, for specimens incorporating air spaces or stud spaces,
energy flow to an acceptable level. The calibrated design ig,e metering area should exactly span an integral number of
generally used for testing of large specimens where the cost %fpaces (see 5.5). The depth of the metering box should no be
a large guard chamber is prohibitive. Fig. 3 shows an eX&mp'Sreater than that required to accommodate its necessary
of a calibrated apparatus for horizontal heat transfer. equipment. Measurement errors in testing with a hot box
Note 6—The two opposing chambers or boxes are identified as th@pparatus are, in part, proportional to the length of the
metering chamber and the climatic chamber. In the usual arrangement, tfgerimeter of the metering area. The relative influence of this
temperature of the metering chamber is greater than that of the climatidiminishes as metering area is increased. Hot Box operators’
chamber and the common d_esigr_lations of “hot box” and “cold box” apply.experience has demonstrated that for the guarded hot box
In some apparatus, either direction of energy flow may apply. configuration, the minimum size of the metering area is 3 times
6.3 Apparatus Size-The overall apparatus shall be sized the specimen thickness or mvhichever is large¢18). From
according to its intended use. For building assemblies, it shathe same experience base, the calibrated box configuration, a
accommodate typical full-scale sections. No one size isninimum specimen size is 1.5%m
considered standard. Generally, the maximum accuracy is 6,52 The purpose of the metering chamber is to provide for
obtained when the specimen size is at least that of the meterifgle control and measurement of air temperatures and velocities
chamber while the climatic chamber must also match or bgn one face of the specimen under fixed conditions and for the
larger. measurement of the net energy transfer through the specimen.
Note 7—A large apparatus is desirable in order to minimize perimeter| N€ Usual arrangement is a five-sided chamber containing
effects in relation to the metered area, but large boxes also exhibit longglectrical heaters, cooling coils (if desired), and an air
equilibrium times, thus a practical compromise must be reached. Typicatirculation system. At steady-state conditions, the energy
heights for wall testers are 2.6 8 m with widths equal to or exceeding transfer through the specimen equals the electrical power to the
the height. Floor/ceiling testers up to ¥ B m have been built. heaters and blowers minus the cooling energy extraction,
6.4 Construction Materials-Materials used in the corrected for the energy passing through the chamber walls and
construction of the hot box apparatus require a high thermdlanking the specimen. Both the metering box wall energy flow

Ambient Air Space
Climatic Chamber

I: Guard Area

Metering Chamber

Metering Area

Specimen

Guard Area

FIG. 1 Typical Hot Box Apparatus Schematic—Definition of Locations / Areas
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FIG. 3 Typical Calibrated Hot Box Apparatus

and flanking path energy flow are determined from calibratiorthe adjoining ambient space:

measurements (see Section 8). 6.5.3.1 The metering chamber energy corrections, which
6.5.3 To minimize measurement errors, severaimay be estimated for design purpose by the equations in Annex

requirements are placed upon the metering chamber walls amfdll, Annex A2, and Annex A3, must be kept small, by making

6
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the metering box wall area small, keeping its thermal resistanceccur due to the limitations of controllers. Since the total wall
high, or by minimizing the temperature difference across therea of the metering box is often more than twice the metering
wall (see Note 8). However large the wall losses are, tharea of the panel, these small temperature gradients through the
uncertainty of the resulting corrections to the net energy flomwalls may cause energy flows totaling a significant fraction of
shall not exceed 0.5% of the net energy flow through thahe energy input to the metering box. For this reason, the
specimen. In some designs, it has been necessary to useretering box walls shall be instrumented to serve as a heat
partial guard to minimize metering chamber wall loss. flow transducer so that energy flow through them can be

6.5.3.2 The metering chamber wall losses should be as lominimized and measured and a heat flow correction for
as 1 or 2% of the heat transfer through the specimen andhetering chamber wall energy flow shall be applied in
should never be greater than 10 % of the specimen heat transfealculating test results. The use of one of the following
if the highest accuracy is to be achieved. In any case, thmethods is recommended for monitoring metering box wall
minimum thermal resistance of the metering chamber wallheat loss.

shall be greater than 0.83%KYW. _ _
Note 10—The choice of transducer types and mounting methods used
Note 8—The 10 % limit is recommended as an extreme and is basetb measure the heat flow through the metering chamber walls is arbitrary.
upon operator experience and potential errors analysis. The choice ¢fowever, they must provide adequate coverage and output signal to
construction of the metering chamber can be made only after review of thproperly quantify the metering chamber wall heat loss during testing.

expected test conditions in which chamber wall losses and their
uncertainties are considered in relation to the anticipated heat transfer 6-5.4.1 The walls may be used as heat flow transducers by

through the test specimen and its desired maximum uncertainty. Thapplication of a large number of differential thermocouples
influence of the guarding temperature upon the ability to maintain steadgonnected between the inside and outside surfaces of the
temperatures within the metering chamber also must be considered imetering chamber walls. Caution should be taken when
choosing bgt.we_en highly insulated walls and a tightly controlled guarddetermining locations of the differential thermocouples, as
space conditioning. temperature gradients on the inside and outside of the metering
6.5.3.3 For best results, the heat transfer through theox walls are likely to exist and have been found to be a
metering chamber walls should be uniform so that a limitecfunction of metering and environmental air velocities and
number of heat flux transducers or differential thermocouplesemperatures. Precautions shall also be taken when
can be used to characterize the energy flow from eachetermining the number of differential thermocouples. Based
representative area. This goal is best approximated by the us@on a survey of hot box operato(48), five differential
of a monolithic, uniform insulation uninterrupted by highly thermocouple pairs per mof metering box wall area are
conducting structural members, and by eliminating anyrecommended as a minimum. At no time shall there be less
localized hot or cold sources from the adjoining space. Anythan one pair of differential thermocouples on each of the five
structural members shall not be within the insulation. Thermakides of the metering chamber. The thermocouple junctions
bridges, structural cracks, insulation voids, air leaks, andhall be located directly opposite each other and, preferably,
localized hot or cold spots from the conditioning equipmentiocated at the centers of approximately equal areas. Small
inside the metering chamber walls should be avoided as mughieces of foil, having surface emittance matching the
as possible. remainder of the box walls, may be attached to the
Note 9—One method of constructing satisfactory chamber walls is bytherr‘r"OCOUple,S to f,ac'“tate the thermal contact with the ngl
gluing together large blocks of an aged, uniform low conductivity cellularSUrface. The junctions and the attached thermocouple wires
plastic insulation such as extruded polystyrene foam. A thin covering of &hall be flush with, and in thermal contact with, the surface of
reinforced plastic or coated plywood is recommended to providethe wall for at least a 100 mm distance from the junctions. The
durability, moisture, and air infiltration control. thermocouple pairs may be connected in series to form a

6.5.3.4 To ensure uniform radiant heat transfer exposure dhermopile in which the individual emf's are summed to give
the specimen, all surfaces that can exchange radiation with tie single output or readout individually in cases where
specimen shall have a total hemispherical emittance greatsignificant differences may occur or be expected in the local
than 0.8. heat flow levels.

6.5.3.5 In applications where the metering chamber contacts 6.5.4.2 Separate heat flux transducers may be placed on the
the specimen at locations within its edge boundaries, ametering chamber walls. Precautions shall be taken in choosing
air-tight seal between the specimen and metering wall shall band installing the transducers to ensure that the thermal
provided. The cross section of the contact surface of theesistance of the wall and its surface emittance remain
metering chamber with the specimen shall be narrowed to thessentially unchanged. The transducers should initially be
minimum width necessary to hold the seal. A maximum widthcalibrated separately to ensure that the relative sensitivities are
of 13 mm, measured parallel to the specimen surface planepproximately the same. Since the transducer sensitivity is also
shall be used as a guide for design. Periodic inspections of ttemperature-sensitive, temperature sensors shall be installed at
sealing system are recommended in order to confirm its abilitthe same or adjacent location. The outputs from these
to provide a tight seal under test conditions. transducers may be measured separately or as a group. If

6.5.4 Since one basic principle of the test method is taneasured separately, the transducers should be demountable
characterize the energy flow through the metering box wallsfrom the surface so their calibrations, at heat flux levels typical
adequate controls and temperature-monitoring capabilities a@ use, may be checked periodically (see Practice C 1130). If
essential. Small temperature gradients through the walls cahe measurement procedure is to calibrate the chamber with the

7



iy c 1363

heat flux transducers in place, the transducer outputs may hentilation. When desired, tests may be run under these natural
connected in series to provide a single reading. convection conditions. The air velocity shall be below 0.5 m/s
6.5.4.3 Regardless of the method of hot box metering walif natural convective air conditions are to be approximated with
instrumentation used, the metering box wall losses shall beome forced air flow to maintain temperature control.
correlated with the signal outputs during the calibration 6.8.4 When more uniform air temperatures are desired, it is
process. See Section 8 and Annex A2 for this process. necessary to provide curtains of forced air moving past the

6.6 Climatic Chamber specimen surfaces.

6.6.1 The purpose of the climatic chamber is to provide for 6.8.5 The design of the air circulation system will have an
the control and measurement of the air temperature andinpact on this difference, and trade-offs during design must be
velocity under fixed conditions on the side of the specimermade between the desired uniformity of the air curtain
opposite the metering chamber. In the usual arrangement, i€mperatures and the operational mode of convective flow. A
consists of a five-sided insulated chamber with internaielocity of approximately 0.3 m/s has proven satisfactory for a
dimensions matching or greater than the test specimen and widall test apparatusf@ m height when testing insulated wall
sufficient depth to contain the required cooling, heating, and aifystems.
circulation equipment. An acceptable alternate is to utilize a 6.8.6 For the most uniform test results, the maximum
large environmental chamber with an opening matching théemperature change for the circulating air exposed to the test
specimen size. This arrangement is specially suited for @anels shall be less than 2% of the overall air-to-air
floor/ceiling test apparatus in which large roof/attic structuregemperature difference. The gradient along the direction of flow

are to be tested. should be held to less than 1 K/m.
6.6.2 The walls of the climatic chamber also should be well 6.8.7 The direction of air flow in a hot box apparatus is
insulated to reduce the refrigeration capacity required. arbitrary and may be parallel, that is, up, down, horizontal, or

6.6.3 Heaters, fans, and cooling coils should be placed sudperpendicular to surface. However, less fan power is required
that the internal surface temperatures as seen by the specim@imaintain air movement in the direction of natural convection
are not greatly different from the air temperatures. The internafdown on the hot side, up on the cold) and that direction is

surfaces of the climatic chamber shall also meet the criteria ofecommended. In some situations, however, the specification
6.5.3.4 for surface emittance. requirements may dictate that a specific direction is necessary

6.7 Specimen Frame to evaluate the system performance.

6.7.1 A specimen frame shall be provided to support and 6.8.8 Higher air velocities are permissible when their effect
position the specimen and to provide the needed perimetéfPon heat transfer is to be determined. Velocities commonly
insulation. The frame opening shall have dimensions at least ¢fS€d to simulate parallel or perpendicular wind conditions on
energy flow, the frame shall be at least as thick as the thickedpr Winder conditions.
specimen to be tested. In the outward direction perpendicular Nore 11—Distinction should be made between the effects and
to the normal heat flow direction, the wall thickness of therequirements of air velocity parallel to the specimen surface and those for
specimen frame shall be at least equal to that of the meteringlocity perpendicular to it. Parallel velocities simulate the effect of the
chamber walls or 100 mm, whichever is greater. cross winds, and may be achieved by moving a small amount of air

6.7.2 Care must be taken in the design and construction Cgpnfined in a narrow baffle space and therefore require relatively little

7. |

specimen frames so that flanking losses are minimized. Th ower power. Perpendicular velocities simulating direct wind
P g ) Y pingement require moving larger amounts of air with corresponding

the thermal resistance of flanking paths that would allow heagrger power requirements. The baffles in the second case must be placed
to bypass the specimen must be kept high. Conductive plategirther from the specimen surface and should have a porous section (a set
fasteners, or structural members shall not be used in thef screens or a honeycomb air straightener) that directs the air stream to
flanking paths and the thickness and conductance of skins muige specimen surface. Fig. 4 shows an example of climatic chamber
be kept to a minimum. arrangement for perpendicular flow.
6.8 Air Circulation: 6.8.9 Air baffles—For parallel flow, a baffle, parallel to the
6.8.1 The measured overall resistand®, and, when specimen surface, shall be used to confine the air to a uniform
applicable, the surface resistancBg,or R, depend upon the channel, thus aiding in maintaining an air curtain with uniform
velocity, temperature uniformity, and distribution patterns ofvelocities.
the air circulated past the sample surface. 6.8.9.1 The baffle thermal resistance should be adequate to
6.8.2 Circulation air temperature differences of severakhield the test panel surface from any heat sources located
degrees can exist from air curtain entrance to exit due tdehind it. A baffle thermal resistance of 1 (KZ2MV) is
heating or cooling of the air curtain as it passes over the samplecommended for this purpose.
surface. The magnitude of this difference is a function of the 6.8.9.2 The baffle-to-specimen spacing may be adjustable to
energy flow through the specimen and the velocity and volumeerve as one means of adjusting the air flow velocity. For the
of the air flow. When natural convection is desired, thepurpose of maintaining a well-mixed and characterized air
temperature differences will be larger. A forced air flow reducesurtain, a spacing of 150 to 200 mm is recommended.
the magnitude of this difference. 6.8.9.3 A baffle also serves as a radiation exchange surface
6.8.3 Natural convection tests may be required for a wallwith a uniform temperature only slightly different than that of
test apparatus or in a floor/ceiling test apparatus without forcethe air curtain. The baffle surface facing the specimen shall
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FIG. 4 Hot Box Arrangement for Perpendicular Air Flow
have an emittance greater than 0.8. size of the space between the specimen and the parallel baffle

6.8.10 Air curtain velocity uniformity—Uniform air flow  (assuming the baffie to be well-sealed).
across the specimen width may be achieved by use of multiple 6.8.11.2 Another method, which should be used only as a
fans or blowers or by use of an inlet distribution header acrosgheck of the previous methods, is to calculate the velocity from
one edge of the baffle and an outlet slot across the opposite. heat balance between the rate of loss or gain of heat by the
The inlet header should incorporate adjustable slots or louversir as it moves through the baffle space, as indicated by its
to air in obtaining uniform distribution. temperature change, and the rate of heat transfer through the

6.8.10.1 After construction of an air circulation system, antest panel, average values of which can be determined from the
air velocity profile shall be made across the area perpendiculagst data.

to the direction of air flow in the proximity of the specimen. g g11.3 The recommended method is to locate velocity
The air velocity profile shall be defined as uniform if all sensors directly in the air curtain. For test purpose, wind
measurements from the profile scan are within 10 % of thge|ocity shall be measured at a fixed location that represents
mean of all measurements. If the profile is not uniform,ihe gyerage free stream condition. For both perpendicular and
additional adjustments shall be made to the inlet header slot Qfarajlel flow patterns, this location shall be a distance out in the
louvers or in the placement of fans or blowers to achieve an aikjr stream such that the wind speed sensor is not in the test
curtain with uniform velocity across its width. The velocity specimen surface boundary layers or wakes. A distance of 75 to
profiles shall be verified whenever modification or repairs of150 mm out from the test specimen surface at the center point
the distribution system are made that might cause a change j§ recommended. On the room side, where low circulation
flow patterns. Also, the profiles shall be verified duringye|ocities are generally used, a properly located sensor is also
calibration checks. required. The operator’s experience and knowledge of the air
Note 12—Linear air diffusers designed for ceiling air distribution distribution system obtained in the profiles from 6.8.9 should
systems have been found satisfactory to use as distribution headers. Hoe¢ used to determine the optimum sensor location.
large floor/ceiling testers, it may be necessary to use more than one setof g 9 Air Temperature Control
fans or inlet and outlet headers creating opposing zones to obtain the

required temperature uniformity. 6.9.1 Air entering the air curtains shall be uniform in

) . . temperature across its width and for steady-state tests it shall
6.8.11 Air velocity measurementThe apparatus design ot change during the measurement period.

shall provide a means for determining mean air velocity past
both the hot and cold faces of the specimen during each tesh,
Acceptable methods are as follows:

6.9.2 One method of providing controlled heated air is to
stall open wire, low thermal mass electrical heaters in an
._insulated low emittance section of the blower duct or other part

6.8.11.1 One'methc.)d IS to' meter the volum'etrlc ar f.IOW Nof the air circulation system and to control these heaters using
the duct to the inlet distribution header by using a callbratecg sensor located at the inlet to the air curtain

orifice or other flow measuring device. The average baffle
space velocity is then calculated from the volume flow and the Note 13—Another method of heater control is to use several individual
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heaters that may be switched on to provide fixed levels of heat. Fine 6.10 Temperature Measurement
tuning is provided b_y an additional _heater that is modulated _by a 6.10.1 When surface temperatures are required, specimen
controller. Another satisfactory method is to useacontrollerthatvarlesthglmcaCe temperature sensors shall be located opposite each
power to all the heaters. other on the two faces of the specimen. These sensors shall be

6.9.3 Methods for cooling the climatic chamber include chosen and applied to the surface in a manner such that the
operating a refrigeration system evaporator inside the chambendicated temperature is within 0.2K of the temperature that
ducting in chilled air from an external source, or injectingwould exist if the sensor had not been applied. This
liquid nitrogen. Usually the evaporator or external chilled air isrequirement is met by thermocouples if: (1) the wire is no
controlled at a constant temperature a few degrees (typically <@rger in diameter than 0.25 mm (No. 30 AWG.); (2) they meet
°C) below the desired setpoint. Then, a reheat and contr@r are calibrated to the special limits of error as specified in
system similar to that for obtaining heated air (see 6.9.2) iFables E 230; (3) if the junctions are twisted and welded or
used to achieve fine control of the temperature at the inlet to theoldered; and (4) if at least 100mm of adjoining wire are taped,
specimen air curtain. When liquid nitrogen is used, a valvecemented, or otherwise held in thermal contact with the surface
regulating its flow may be pulsed on-off or modulated to obtainusing materials of emittance close- (0.05) to that of the
fine temperature control. surface. Application of alternate temperature sensor systems

Note 14—One proven configuration for a climatic chamber utilizes may be used if qompa(at|ve measurements or calculations
two air circuits created by suitable baffles. The evaporator fan creates or10W that the basic requirements are met.
circulation path that includes a mixing chamber from which air is 6.10.2 If the specimen construction, and therefore its
circulated by a separate blower to the specimen air curtain and returnethermal resistance, is uniform over its entire area, a minimum
An air reheat and control system provides fine control of air temperaturgumber of sensors spaced uniformly and symmetrically over
at thle d'.St”p““c.’{' heatd‘?r.'"'eg ?ﬁher prover %O”f'?]“'a:t'olns U““tze E’J”'ﬁ %he surface is sufficient. The required minimum number of
single alr circuit containin [0) cooling and reneat elements. naer . .
cer?ain conditions a desicczgnt may be negded to remove moisture from tf?eensors per side shall be. at least 2 per square meter of metering
air stream. area but not less than nir{24).

_ 6.10.2.1 If each element of the specimen construction is

6.9.4 Metering chamber blowers should be small andgatively uniform in thermal resistance and is repeated several
efficient, since without cooling, they determine the leastjneg over the entire surface, the number of sensors specified in
possible net heat input to the metering chamber. If large fans of 1 5 may still be sufficient. In this case, the sensors shall be
blowers are necessary, then compensatory cooling Withyaied to obtain the average surface temperature over each

inherent loss in accuracy shall be used. Some heat may hg,q ot construction element and, for each type of element,
removed by locating the blower motor outside of the meteringsha;1  be  distributed approximately uniformly and

chamber and accurately measuring the heat equivalent of e metrically over the specimen area. The average surface
shaft power. Precautions shall be taken to prevent air leakag mperature of the specimen shall be calculated by area

around the shaft. _ _ . .weighting of the averages for the different types of construction
6.9.5 When cooling of the metering chamber is required, ityjements.

must be done in a manner in which the amount of energy
extracted can be measured accurately. One method is
circulate a chilled liquid through a heat exchanger located i

6.10.2.2 If the surface temperatures are expected to be
eatly nonuniform, additional sensors (often a great number
: s . such as two or three times the normal amount, as determined
the metering chamber air circuit. The rate of energy extractlorby trial and error) must be used to adequately sample the

is controlled by the inlet-to-chamber air temperature jigerent temperature areas so that a reliable area weighted
difference, the flow rate, the liquid properties, and the heaFnean surface temperature may be obtained

ﬁrﬁ?{]%n?ertﬁf?c:]ency. T?e tamc\)/urrlt orl;coorl:ng :(Jsed sglouwldrber 6.10.2.3 If an accurate determination of the average surface
ed 1o that necessary {0 Overcome any excess blower g mperatures cannot be obtained, measure the transmission

other heating loads or to that necessary to achieve desir efficient, U, or the overall resistanc®,, and calculate the

dynamic cool-down rates since test accuracy will be lost 'faverage panel resistand, of the specimen by subtracting off

excessive heating must be used to compensate for le}r%e previously determined surface thermal resistances
cooling. For example, if both the heating and cooling ENergieaqianlished using a transfer standard of similar thermal

LA :
are known to within 1 %, but the difference of these two energyresistance, size, surface configuration, and roughness. Note that

levels is 10 % of the net heating or cooling, then the net energy . geometry, average temperatures, and energy exchange

I 0,
exchange is known only te-10 %. conditions must be similar for the calibration transfer standard

.6'9',[6 Spema(; conf_|derat|(c)jnfs, hl_JmIdIt.i/h.COtEt-FeMOIS_ture and test panel for this technigue to have reasonable accuracy
migration, condensation, and freezing within the specimen Ca{&ee Practice C 1199).

also cause variations in heat flow. To avoid this, the dew poin
temperature on the warm side must be kept below the Note 15—Tests on specimens containing thermal bridges require
temperature of the cold side when the warm surface iSpecial care because of the possible great differences in thermal resistance

susceptible to ingress of moisture vapor. In general, tests in th'd_temperatures between the thermal bridge areas and those of
sPrroundlng insulated structures. Added complications arise when tests are

hot k_)OX appa_ratus are conducted_ on substantially dry te?un at higher air velocities since temperatures and heat transfer can depend
specimens, with no effort made to impose or account for thgjgnificantly upon bridge geometry relative to the overall sample as well
effect of the vapor flow through or into the specimen during thess the velocity and direction of air movement. If test results are to be
test. comparable for competing systems, they must be run under similar
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conditions. This method does not attempt to standardize such conditions. 6.11 Specimen Pressure Difference

6.10.3 Temperatures of the air on each side of the specimen 6.11.1 For some tests, it _WiII be_necessary to establish and
may be measured by thermocouples or temperature-sensitifg®asure the air pressure differential between the faces of the
resistance wires or other Sensors. test specimen. This is especially important for window and

6.10.3.1 The minimum number and locations of sensor@ther samples where the air flow resistance between the
used to measure air temperatures shall be that specified fgPecimen surfaces is low. When this measurement is required,
surface temperature sensors in 6.10.2. These sensors mustif§ SPecimen test pressure difference is defined as the
radiation shielded or otherwise protected to provide an accuraf@fference, side to side, in local pressure measured in the

indication of the temperature of the air curtain. Sensors shall beiréction perpendicular to the specimen surface, at a location at
small to ensure fast response to changing temperature@.e geographic center of the metered area at a distance 75 mm

Resistance wires, if used, shall be distributed uniformly in thdf®m the surfaces of the sample. For a discussion of balancing
air curtain. pressure difference in a hot box apparatus, see Practice C 1199.

. - . _ 6.12 Instruments
Note 16—A suitable radiation shield may be made by using 12 mm ¢ 15 7 Al signal conditioning and data logging instruments

diameter, 75 mm long pieces of thin walled plastic tubing covered on th hould be located outside of the apparatus. and shall meet the
inside and outside with aluminum foil tape. The air thermocouple is placeilowing requirements: PP !

at the center of the tube to measure the air stream temperature and yet ] )
shielded from radiation sources. 6.12.1.1 All instrumentation shall have adequate speed of

ensor and readout response, time constants, so that the
%anning speed will not adversely affect the measurement
results.

6.10.3.2 The best location for temperature sensors depen§
upon the type of air curtain convection (natural or forced). In

natural convection S|tua.t|ons., it is u.sually possible to identify 6.12.1.2 Temperatures shall be readable-@05 K and be
the temperature of still air outside the boundary layer. s
accurate within+0.5 K.

Consequently, when natural convection is established, air
a y 6.12.1.3 Heat flux transducer outputs shall be measured to

temperature sensors shall be located in a plane parallel to tz e precision required to limit the error in estimation of the
specimen surf an aced far enough away from it that th .
be surface and space enoug ay jetermg box wall heat transfer to less tha.5 % of the

are unaffected by temperature gradients of the boundary layer. ™. . .
For minimum velocities required to attain temperatureSpeC'men heat transfer. This requires a heat flux transducer
calibration accuracy of 5 % or better.

uniformities (see 6.8 and Note 10) a minimum spacing from 5 h ¢ ble air veloci
the specimen surface of 75 mm is suggested. At higher 6.12.1.4 The types of acceptable air velocity sensors are not

velocities, the required minimum spacing may be higher. Thespe_mﬂed here as many are possible depending on the box
boundary layer thickness increases sharply at the transitiofieSign af‘d test conqlltlons. However, an accurac;f:ﬁi% of
from laminar to turbulent flow. With fully developed turbulent the reading is required and a sensor whose signal can be
flow, the boundary layer occupies the full space between thBrocessed by automatic data acquisition equipment is
specimen and the baffle. When forced convection is establishd§commended. _
and the flow is fully developed, the sensors shall be located at 8-12-1.5 Pressure difference measurements shall be accurate
a distance from the specimen surface correspondifgop to 0 Within =5 % of reading. _
% of the specimen-to-baffle distance. This is to detect a 6-12.1.6 Total average power (or integrated energy over a
temperature approaching the air flow bulk temperature. specified time period) to the metering box shall be accurate to
6.10.3.3 Thermocouple sensors used for measurement of diithin. £0.5 % of reading under conditions of use. Power
temperatures shall be made of wire not larger than 0.25 mr*€@suring instruments shall be compatible with the power
(No. 30 AWG) that meet or are calibrated to the special limitsSuPplied, whether ac, dc, on-off, proportioning, etc. Voltage
of error specified in Tables E 230 for Type T thermocouplesStabilized power supplies are strongly recommended. Metered
Other sensors are acceptable if they have similar time respon§80ling instruments shall be calibrated together as a system to
and are calibrated so that the measurements are accurate witifnilar accuracy by balancing cooling against measured
+ 0.5 K. heating.

6.10.4 The surface temperature of the baffles in the meterin 6.12.1.7 Temperature_ controllers for steady-state tests_shall
and climatic chambers shall be measured by placing sensors 8§ capable of controlling temperatures constant to within
all surfaces seen by the specimen. A minimum area density f0-25K (see 6.9).
five sensors per meter squared of baffle area, but not less than ) _
one sensor per baffle surface, is recommended. Although nota Sa@mpling and Test Specimens
specific requirement for some tests, this measurement is highly 7.1 Test specimens shall be representative of typical product
recommended for all tests since this déta can be used to (field) applications. As such, tests on apparatus requiring
determine any difference between the baffle surface and asmaller than representative specimens should be avoided. The
curtain temperature$2) permits corrections to be made to the construction details of the specimen to be investigated may be
radiation component of the surface film conductances due tmodified but only as necessary for test purposes. It must be
differences in these temperatures; a(8) is a necessary recognized that modifications to the construction may result in
component of the data analysis for specimens such as windovesnditions that do not represent true field conditions. In many
that have a high thermal conductance (see discussion on meaases, conduction and convection paths have considerable
radiant temperature determination in Annex A6). effect on the performance of the specimen and must be left
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intact. During specimen design the following must bereflective insulations having no internal air barriers.
considered: 7.1.7 High lateral conductance specimens$-or all

7.1.1 Size—The specimen shall be size for the apparatusspecimens, it is necessary to maintain a near zero lateral heat
Normally, the outside dimensions of the specimen must matclow between any guard and the metering areas of the
the inside dimensions of the specimen frame. If smalleispecimen. This can be achieved by maintaining a near zero
elements must be tested, a surround panel may be used to fiimperature difference on the specimen surface between the
out the required size. The surround panel aperture for tesnhetering and guard areas. However, in specimens
purpose must be sufficiently small relative to the metering areéncorporating an element of high lateral conductance (such as
such that the minimum distance between the metering aremmetal sheet), it may be necessary to separate the metered and
boundary and the aperture boundary is greater than or equal tbe guard areas of the highly conductive element with a thermal
100 mm or the thickness of the mask, whichever is greater. Thbreak such as a narrow gap caused by a saw cut.
minimum distance from the test specimen edge to the outer
perimeter of the surround panel shall be at least twice th@. Calibration and Standardization

surround panel thickness (see Annex A4 for other surround 8.1 All fundamental measurement devices used in the hot
panel construction recommendations). Limitations on the usgox control and data acquisition systems shall be individually
of convection barriers at the meeting boundary must benaintained and calibrated to meet their design accuracy
considered when designing the test specimen. Thregpecifications. In general, this requires that each device be
dimensional structures may be tested, if the apparatus sizgaceable to standards obtained from a national standards
permits. laboratory. Records of this calibration and periodic calibration
Nore 17—Scaled down elements shall not be tested with the intent o €fification checks shall be maintained in the laboratory files.

extrapolating results to larger elements, unless detailed modeling analysigequency  of Va“dation_ .CheCkS will be dependent on the
clearly shows the validity of the extrapolations. purpose, style, and stability of the equipment used.

7.1.2 Sensors-Temperature sensors for the measurement of 8.2 Hot box apparatus calibration is necessary since the

surface temperatures shall be installed as directed in 6.1 _easured heat input to the meterln.g chamber includes r.]Ot only
When desired, additional temperature and other types e heat transfer through the specimen, but also metering box

sensors may be installed throughout the interior of th oss, flanking loss, and other such losses as through gaskets,
specimen for special investigations penetrations for wires or pipes, mechanical fasteners, or other

7.1.3 Mounting—Specimens shall be located in the sameless obvious heat loss paths. Thus, the net specimen heat

position in test frames as the calibration specimens were duri fiansfer must be determined from the measured heat input by

o ; : . rlgpplying a correction for these losses. This correction, which is
calibration tests so that flanking geometry is duplicated. ' '

: . determined by calibration procedures, may be different for
7.1.4 Sealing—The specimen must be gasketed, CaUIkGdleach set of operating conditions and for test specimens of

taped, or othe_rW|se sealed in place to prevent air movemenke ont thickness or thermal resistance. The accuracy of the
around its perimeter. '_I'he _procedu_res and material for S.ea“ st results depend upon the accuracy of this correction. In a
must be chosen to minimize flanking heat loss. If specimen roperly designed apparatus. however. the losses ére a
are suspected of being porous so that a significant heat translge perty g bp ' :

f
may result from air infiltration through the specimen, then teStSﬁteady—state conditions and any error in the correction is

latively small fraction of the specimen heat transfer under
should be run before and after sealing both faces. If the Overa&duced by a similar fraction in its effect upon the final result.

resistance changes significantly, then the specimen does n
possess unique properties independent of the imposedNore 18—A discussion of the calibration for the metering chamber
conditions. Results from all tests shall be reported. Thinwalls is presented _in A_nnex A2.A_discussion of f_Ianking loss calibration
air-impervious sheets of paper or plastic may be glued on &P one apparatus is given by Lavine et &P and in Annex A3).
seal surfaces without significantly affecting thermal 8.3 In principle, if all details of construction and all material
conduction. Some specimens may be sealed with suitable painhermal properties are known, it should be possible to calculate
In all cases, the surface emittance shall be 0.8 or greater. all extraneous losses for a particular set of test conditions and
7.1.5 Perimeter Insulatior-Insulation shall be used at the then apply this calculated correction to measured data for
specimen perimeter. This insulation normally is incorporatedinknown test specimens. However, because of the
into the reusable specimen frame but may be newly installedncertainties involved, a wholly calculational correction
for each specimen. If newly installed, it shall be fully procedure must not be used for this method. In general, such
characterized in order to account for the surround panetalculations are practical only with monolithic walls made of
flanking loss. homogeneous material. If calculated corrections, after initial
7.1.6 Internal Air Barriers—When testing a specimen that experimental verification, are used, then the chamber wall heat
has air cavities that extend beyond the boundaries of th#low meter or thermopile outputs may be used as a check to
metering section, it is necessary to install internal convectioindicate any changes in wall material properties. Calculations
barriers at the boundary of the metering chamber. Thesmay be useful in estimating the magnitude of the major losses
barriers are required to prevent undesired air exchange betwesn that experimental procedures may be better directed. Indeed,
the metering and guard areas of the specimen. For exampltye most practical calibration technique may use corrections
such barriers are required for vertical wall cavities extendingdetermined experimentally for a limited set of conditions, but
above or below the metered area that are insulated witmodified on the basis of calculated estimates for use under
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somewhat different conditions of test. In general, thea sufficient number of tests to cover all possible sets of
calibration procedure of 8.5, using a correction dependent upooperating conditions, and since some of the extraneous heat
test variables developed statistically from tests on knowrosses included in the measured are not metered separately (and
calibration standards, shall be used. The choice of théndeed may be unknown), it is necessary to utilize statistical
calibration procedure details should made only after a revievtechniques to develop a usable correlation between the
of the expected accuracy judged against the accuracy neededrrections and the test conditions. A useful procedure is to
and against the practicability of the various procedureselate the correction to the test variables using a multiple linear
available. regression. The significant test variables, or combinations of
8.4 Calibration specimens-The accuracy of the calibration test variables, can often be determined from physical models.
specimen measurements will depend upon the variability of thdhose variables may include the mean temperature of the
material, the means of sampling, and the accuracy of thépecimen and of the metering chamber walls, the temperature
apparatus used to measure it. The accuracy required widlifference across the specimen, and across the metering
depend upon the contemplated use. For highest accuracylcaamberwalls (related to the output of the chamber heat meters
calibration specimen having a known thermal resistance ove?r thermopiles), and the temperature difference across any
the range of test mean temperatures is required. Sudpartial guards used. The regression correlation coefficients can
specimens shall be impervious to air and thermal radiatiofp€ used to judge the validity of the regression relation and the
transfer, be free of internal air spaces that would affect th&¢hoice of variables. For greatest accuracy, it is necessary to run
thermal resistance or allow internal convection, and be stablgalibration specimens covering the expected range of specimen
over the time period of use. Additionally, such specimensihickness and thermal resistance and to include these variables
should possess a thermal resistance that is essentially constéhthe regression analysis. The need for such tests may also be
over all areas of the specimen so that properties determined dnvestigated by mathematical analysis. In some cases, such
smaller areas will be representative of those of the whole are@nalysis may be sufficient to derive a satisfactory specimen
Any joints necessary in large specimens must be designed thickness/resistance correction to be applied to the regression
minimize deviations in thermal resistance (as verified by smalfelation.
Scale- tests of specimens with and. without joints). Ca”brati(.)n Note 20—Examples of calibration procedures are given by Rucker and
specimens must be self-supporting and capable of belnglumaw(g)’ by Lavine et al(12) and in Annex A2-Annex Ad.
transported, repeatedly mounted and tested, and stored for
future use without change in thermal resistance. These 8.6 In addition to the initial calibration sequence, it is
properties are also required for specimens used imecessary to repeat selected calibration measurements at times
interlaboratory comparison tests (round robins). The thermadlictated by either the known aging characteristics of the
resistance of calibration specimens shall be determined bynaterials used in the metering chamber wall construction or,
measurements in proven apparatus such as Test Method C 1@pre often, as required by contractual or certification
Guarded Hot Plate, Test Method C 518 Heat Flow Meter, oregulations. A single test may often be sufficient to verify that
another hot box that has been verified or calibrated byproperties have not changed. The maximum time between
specimens traceable to a national standards laboratoryegrification of calibration shall be 1 year.
Generally, the hot box calibration specimen will be larger than 8.7 It is recommended that the performance of an apparatus
the apparatus used in these measurements; thus, it will lige periodically confirmed by successful measurements on
necessary to measure smaller representative pieces. Sugppropriate specimens from a national standards laboratory or
pieces may be cut from the calibration specimen if they can bas part of a laboratory accreditation program. Participation in
replaced without change in the average thermal properties, dfterlaboratory round-robin programs and comparisons with
they can be selected from companion pieces of the same lot @hother proven hot box apparatus are other methods to
material used to fabricate the specimen. demonstrate continued satisfactory operation.

Note 19—Suitable calibration specimens have been constructed fror@ Conditioni
molded glass fiber board of approximately 100 to 125 Kgdensity or - Londitioning

agt_ed c&_allular polystyrene board blown V\_/ith gfugitive agent. During thg 9.1 Normally, pre-test conditioning shall be in ambient air,
call'bratlon' tests, both su_rfaces of the calibration panel shall be faced Wltfbr a period long enough to come to practical equilibrium. One
air-impervious skins having an emittance greater than 0.8. recommended condition is in air at 24°C with 50 % relative

8.5 Since significant losses may exist that are not directhhumidity. Where specifics are not provided by the requester,
related to heat flow through the chamber walls and thereforases Practice C 870 as a guide conditioning. Other
not related to the emf output of the wall heat flow meters orconditioning may be used as, for example, long-term exposure
thermopiles, a full experimental calibration is necessary. Thiso cold dry (outside winter) air on one side and warm,
procedure involves running a series of tests over the expectedoderately humid (inside) air on the other to investigate the
operating range using a calibration specimen of known thermadffects of moisture or ice buildup. Conditioning requirements
resistance (see 8.3). For each test, determination is made of tepecified by code or construction specifications shall govern
difference between the measured heat input to the meterinigr the test, where available. To avoid abnormally long
chamber and the heat transfer through the calibratiomonditioning periods, building materials may be
specimen, calculated from the measured temperature drqmeconditioned at laboratory conditions prior to test panel
across it and its known resistance. Since it is impractical to rumassembly.

13
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10. Test Procedure mode of operation. Two modes of operation have been used for a hot box

- - . peration. They are (1) constant power to the metering chamber, and (2)
10.1 Detailed written operating procedures for each teSgonstant temperature control of the metering chamber. The constant

apparatus shall be developed and shall be available to ensugperature operation mode is usually used since it has a considerably
that the tests are conducted in accordance with thenorter time constant because it is not significantly dependent on the

requirements of this test method. thermal mass of the metering chamber. For the constant power mode, the
10.2 Test Conditions thermal time constant is the time required to come within 37 % of the final
10.2.1 Whenever available, product or system Speciﬁcation@mperature. The thermal time constant of the constant temperature mode

or applicable code requirements for all test conditions shall b& 1€ time required to come to within 37 % of the final power level. The
used ermal time constant of a system can be approximated from a knowledge

. . . ] . of the thermal diffusivities of the components of the system, but it is more
10.2.2 Specimen orientation and direction of heat transfereadily determined experimentally.

hot-side and cold-side air temperature, and velocities and 1093 A A5 tai ted q f
differential pressure, when not specified, should be chosen to " ) t t?]netxh lcgn ains at sgg?este ¢ protce ure for
meet requirements of the specimen investigation, usually ggSumating the thermal imé constant ot a test system.

match use conditions. 10.9.4 Normally, the thermal capacity of either the

10.2.3 When not otherwise directed, it is suggested that al pparatus or test SPeCimeU will be the _contro_lling factor.
velocities be the minimum required to achieve the desire enerally, however, since this test method is applicable to low

temperature uniformity under the requirements of 6.8.2 and b onducltzance S.fhefr']me.”f’ thet.settl]tng t'ms 'z.fcﬁm Itthf Qrger of
in the direction of natural convection, and that the sampl wcr)lurtfw' rvi\nb\ill\?t h |sgn o;rr;a 'Ok?’('j mr?gthe ! Crut ?rjnu gter |
pressure differential be essentially zero. ether stability has been reached, a € operator must rely

10.2.4 Whenever the temperature conditions are no?n experience and observations or on computer-assisted

otherwise specified, Practice C 1058 should be used as a guiagatistical prediction of trends. The following gu_ideline_s are
for selecting the appropriate test temperature conditions. recommended but shall not be regarded as sufficient criteria in

; ; all cases.
10.3 Construc_t_thg test specimen in t_he sample fr_ame 10.10 Test Data Acquisition and Completion
opening as specified in 7, including installation of all required 10.10.1 Data acquisitior—After the final test temperature

Sensors. o X .
. . . onditions are reached, five successive repeated data
10.3.1 Some specimens require adequate time to come {0

thermal and moisture equilibrium after assembly. These shoul cquisition sets shall be obtained. These sets shall be obtained

be conditioned at laboratory conditions as long as necessary ot a data set time interval equal to the approximate time

establish equilibrium. One example would be concrete walls oronStam’Te“’ of the measured system but not |ess than 30
| EqL L P minutes. In some laboratories, an individual data set is
wet applied insulations in a frame wall.

10.4 Place the test frame, with the sample installed, in th developed from the average value for each variable obtained

! R : from multiple, evenly spaced, data scans during the permitted
opening between the climatic and metering chambers. ﬂme interv%l ' y sp ' g P

10.5 Make all necessary electrical connections an(_j c_hec 10.10.2 Test completion criteria-This combination of five
ou; éhg gata ETC?U'S'“?.” sy?tfhm I]mt rtr;easur?mer_nt contmwtty. data acquisition runs shall constitute a valid test if each datum
¢ tH ‘ Otmf € E S;"a 'Eg 0 Ie _? ox ?IIS em |n7pr1e2ara 0% btained for each measured variable differs from its mean by
or the test. Leak check sample, 1f possible, (see 7.14). 0 more than the uncertainty of that variable as estimated to

10.7 Start conditioning systems and set temperature Controlgapjish the values given in the report. If the data obtained

to the appropriate temperature set points to yield the desireg ring this period is changing monotonically with time, the test

temperature conditions. , shall also be considered suspect and further repeated runs shall
10.8 Begin data acquisition scanning of the test apparatuse conducted until the steady drift is no longer observed. Such

and continue the operation until the steady conditions, drift, even at low levels, may indicate that the specimen

described in 10.9 are obtained. characteristics are changing or that the system is not steady-
10.9 Stabilization and Test Times . . state within its test capabilities. In either event, serious errors
10.9.1 Thermal steady-stateFor purpose is of this test gy result.

method, the definition of thermal steady-state is identical to 1 10.3 Continued testing-For the purpose of determining

that described in Terminology C 168. test completion. it is necessary to repeat the testing in five time
10.9.2 The required time to reach stability for a steady-stat@onstant blocks (57.4) until all the required criteria have been

test depends upon the properties of both the specimen and ghtisfied. For test analysis, a sliding 5. time range should

the apparatus as well as upon the initial and_fmal condmons Obe tested. Upon acquisition of each additional data set, an

the test. Since these factors can vary over wide ranges, a singi@alysis of the last five sets should be performed to see if the

specification of required stabilization time and the test perioQiteria of 10.10.2 are met. As soon as these criteria are met, the

for data acquisition cannot be provided. A combined apparatugst is judged complete and the reported result is determined

and specimen time constanty, calculated from dimensions from the averages of the last five readings.

and estimated physical properties, can be helpful in estimating

stabilization times. Note 22——Specific test practices have been written and used that

reference the hot box test procedure. In these cases, alternate procedures

Note 21—The thermal time constant.;, of the system is the time have been written that specify specific requirements for steady-state

required to come to within 1/e (37 %) of the fixed value after a stepdetermination and frequency of data collection intended to meet the intent

thermal disturbance of the system. This time is strongly dependent on thef these sections. For example, a modified procedure developed for
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windows testing is presented below: equations given in 3.1 and 3.2, using the average data obtained
The term steady-state refers to the 8-h time period during which alin 10.10 and 10.11. Practice C 1045 should be used to resolve

essential parameters involved in determining the tested thermqlhe test results for variable temperature difference testing.
transmittance of a fenestration product meet the criteria stated below: 11.2 Average Temperature Determination

1. The average interior and exterior test specimen individual . .
temperatures do not change by more thad.25 K over the entire test 11.2.1 When operated under steady-state conditions with

period. temperatures held constant during a test, the results may be
2. The average ambient air temperature do not vary by moreti@a?5  expressed as either thermal resistai;éhermal conductance,
K over the test period. C, overall thermal resistanc®&,, or thermal transmittancé/.

3. The average metering box wall heat flow does not vary more thamhis method allows two procedures which are to be used in
+1 % and does not change monotonically over the entire test period. determining the average surface temperatures used in the

4. The net heat input to the metering box shall be recorded by computer . .
at 5-min intervals or less and shall not deviate more tharfo from the Calculations. The choice between the two procedures depends,

average power readings at any time during the entire test period. ThE® SOme extent, upon the Un'_form'ty of the specimen and th_US
average power into the metering box also shall not change monotonicallypon whether sufficiently uniform surface temperatures exist
during the test period. that they can be measured by temperature sensors and a
5. The thermal transmittance of the sample shall not vary moretthan representative average obtained. For some specimens, the
1 % when comparing any one-hour inclusive time period with any othergpgice may be arbitrary and must be made by the user of the
one-hour period within the entire test period. The two one-hour ﬂmemethod or by the sponsor of the test, or it may be specified in

periods shall not overlap. licabl lati ificati | I h
6. In order for the test result to be valid, the final calculated test resul@PP!ICable regu ations or specifications. In all cases the

shall be the average result calculated for the last five time constant period¥ocedures used must be fully reported. The two procedures

of the stabilized test period. are:
10.11 Recorded Test Data 11.2.1.1 For uniform and nearly uniform specimens, the
10.11.1 The data acquired during the testing period shafiverage surface temperatures may be determined from area
include but not be restricted to the following: weighted measurements from the temperature sensors installed

10.11.1.1 The total net energy or average power transferre®® directed in 6.10. The thermal resistarRiés then calculated
through the specimen during a measurement interval. Thigsing the measured heat transfer and the difference in the
includes all metering box heating and cooling, power to fans oRverage temperatures of the two surfaces.
blowers, any significant power to transducers, corrections for 11.2.1.2 For very nonuniform specimens (see 6.10.2.3),
metering chamber wall heat transfer and flanking loss, an4);nean|ngful average sgrface temperatures will not exist. I_n this
other extraneous loss, and corrections for the enthalpy dfase the thermal resistandg, is calculated by subtracting
infiltration air entering the metering chamber (see Annex Al),surface resistances for the two surfaces from the measured

10.11.1.2 All air and surface temperatures specified in 6.109verall thermal resistanc&®,. These surface resistances shall
10.11.1.3 The average air velocity on each side of thde determined from tests conducted under similar conditions

specimen (see 6.8.10), (Note 21), but using a uniform test specimen of approximately

10.11.1.4 The pressure differential across the specimen, {he same overall thermal resistance.
different from zero (see 6.11), and the infiltration flow rate Nore 24—Surface resistances have been found to depend significantly
required to maintain it, on the magnitude of the heat flux as well as the ambient conditions

affecting the surface. When using the procedure of 11.2.1.2, it is important

NO.T.E 23—For either parallel or perpendlcular forced-air _velocny that the heat flux for the uniform specimen be similar to that through the
conditions, care should be taken to quantify the amount of air Ieakagﬁ nuniform specimen and that air temperature, air velocity, and the

betwe_en the climatic and metering chambers. This may b? dor_1e by Severt%?mperature of surfaces that exchange radiation with the specimen also be
techniques. These are: (1) tracer gas methods, or (2) calibration of the

fmilar.
flow rate as a function of the pressure difference using Test Method . .
1424. 11.3 Calculation of Thermal Properties

10.11.1.5 The effective specimen dimensions and metereﬁE 11.3.1 For homogenous specimens of insulation material,

area (the projected area perpendicular to the direction of he € thermal con_ductivitw, may be. calculated If the specimen
flow). It may also be helpful to determine and report the hotmeets the requirements of Terminology C 168._Ava|IabIe test
and cold side surface areas if they are different from théjata must demonstrate that the thermal resistance of the
projected areas. For example, detailed windows can ha aterial under test is linearly proportional to thickness within

surface areas as much as 50 % greater than the projected aré § range of temperatures and thlc_kness under cor_15|derat|on.
10.11.1.6 The metering of the hot box, that is, the are n expected errqr_ofthese assumptions must be assigned to the
between the centerline of the metering box gaskets for thi1€rmal conductivity result as part of the report.

guarded box and the area between the inside edges of thell'.S'2 For a relatively uniform but non_homogeneous
specimen frame for the calibrated hot box, and specimen such as normal walls, floors, ceilings, etc., the

10.11.1.7 Any other conditions specific to this test such aghermal properties that may be calculated_are the resist@nce,
modifications to the normal specimen design required t&Onductance, overall resistancl,, transmittancel), surface

construct a specimen for test purpose resistanceR; andR,,, and surface conductancés,andh,.
' 11.3.3 For very nonuniform specimens where the heat

11. Calculation transfer is greatly different from one area to another, and if
11.1 For steady-state tests, the average thermal transmissidatailed temperature profiles are not known, only the net
properties appropriate for the specimen are calculated by theansfer through the specimen (see 10.11), may be meaningful.
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In these cases, only the overall resistaiGgand transmission showing important details, dimensions, and all modifications
coefficient,U, are permitted. made to the construction, if any, and specimen orientation.
11.3.4 For a specimen smaller than the metering chambd?hotographs and drawings are helpful as are statements
opening, the properties that apply to that specimen, as per thexplaining how the specimen represents or differ from typical
distinctions of 11.3.1-11.3.3, may be calculated if surroundconstructions. It is also desirable to include in the description
panel calibration tests have been run that permit the specimenf the test construction a complete and detailed description of
heat transfer to be determined. Annex A2 presentall materials. This includes the generic names of all
considerations for these calculations. construction materials and their densities. (For hygroscopic
11.3.5 Generally the overall thermal resistanRg, or the  material, such as some concretes and woods, the moisture
thermal transmittancel), should be determined under the content should also be given). If the thermal conductivities of
conditions of interest. When this is not possible or whenthese materials, at the test conditions, have been measured,
directed by applicable agreements or regulations, the overalhese values should also be included.
resistanceR , may be determined from the thermal resistance,
R, obtained as directed in 11.1 or 11.2, by adding standardizeS
surface resistances. One source of standardized resistance%é
the ASHRAE Handbook Fundamental Volume. density of 22 kg/r; spruce-pine-fir with a moisture content of 12 % and

Note 25—Overall resistanceR,, obtained from measured resistances, a dry density of 486 kg/h

R, by adding standardized surface resistances typical of different 12 1.3 Pertinent information regarding the specimen
conditions may not agree with overall resistances that would be measur econditioning for the test panel

directly under those conditions. Discrepancies are especially likely fo . . .
nonuniform specimens with high conductance surface elements connected 12.1.4 The dimensions of the metered area and its
to thermal bridges when measured resistaneare obtained under still  relationship to the overall specimen dimensions and to
air conditions and the standardized surface resistances are typical of higitincipal elements of the specimen.
\év_ind veloc_ities. The user is cautioned to be aware of such possible 15 1 5 Specimen orientation and the direction of heat
IScrepancies. transfer during the test.
12.1.6 Average air velocity and direction on both sides of
the specimen and air velocity distribution if nonuniform.
. , o . 12.1.7 Latest calibration check date and procedure used.
Nore 26—The primary units used in this test method are SI, but eitheiReferances for the calibration report(s) shall also be included.
Sl or U.S. customary (USCS) units may be used in the report, unless . . .
otherwise specified. Table 1 provides conversion factors between Uscs 12.1.8 Average pressure differential across the specimen
and Sl units. and the average air flow volume rate, if applicable.
12.1.1 Identification of the test laboratory with address and 12-1.9 Report temperatures, .both air and surface, on each
telephone number, responsible scientist in charge, the te§de of the Specimen as fOHOWS_-
operator (optional), the date and duration of test, and the test 12.1.9.1 For uniform specimens, report the average
sponsor, if appropriate. temperatures over the specimen area.
12.1.2 Name and any other identification or description of 12.1.9.2 For nonuniform specimens including test elements,
the test construction, including, if necessary, a drawingseparate measured temperature averages for each different area

Note 27—A generic description in addition to the brand name also
cLould be reported where possible. The following is an example of a
Reric description: preformed, cellular polystyrene, Type Il with a

12. Report
12.1 Report the following information:

TABLE 1 Thermal Properties Conversion Factors (International Table)

Note 1—Conversion factors for thermal resistivity and thermal conductance or transmittance can be found by using these tables in reverse direction.
Note 2—Units are given in terms of (1) the absolute joule per second or watt, (2) the calorie (InternationaH @168 J, or the British thermal
unit (International Table} 1055.06 J.

Thermal Conductivity

W/m K W/cm K cal/s cm K kcal / h m K Btu/hftF Btu in/hr ft2 F
W/m K 1.0000 0.0010 2.388E-3 0.8598 0.5778 6.9330
W/cm K 100.0000 1.0000 0.2388 85.9800 57.7800 693.3000
W/cm K 418.7000 4.1870 1.0000 360.0000 241.9000 2,903.0000
cal/s cm K 1.1630 1.163E-2 2.7788E-3 1.0000 0.6720 8.0640
Btu/h ft F 1.7310 1.731E-2 4.134E-3 1.4880 1.0000 12.0000
Btu in/h ft? F 0.1442 1.442E-3 3.445E-4 0.1240 8.333E-2 1.0000

Thermal Resistance

K m?/ W K cm?/wW K cm? s/cal K m? h/kcal F t2 h/Btu
K m?/ W 1.0000 1.0000E4 4.187E4 1.1630 5.6780
K cm?/wW 1.000E-4 1.0000 4.1870 1.163E-4 5.678E-4
K cm? s/cal 2.388E-5 0.2388 1.0000 2.778E-5 1.356E-4
K m? h/cal 0.8598 8.598E3 3.600E4 1.0000 4.8820
F ft? h /Btu 0.1761 1.761E3 7.272E3 0.2048 1.0000
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or element must be given. Areas for each elements shall also lirethe sum of the electrical power input to the metering ligx,the heat
reported. into the metering box through its wallQ,; and the flanking loss power,
12.1.10 Net heat transfer through the specimens, stead{: Such thalQ = Q, + Q, + Qq (other terms such as blower input or

oling may be added as needed).
state average rate or the average amount per cycle or oth ?Combining these equations, the relation for resistanée4s(t,—t,) A

Stated_ time interval for_ dynamic tests. Include \_/alues fo_r/ (Qn + Qp + Qp). The individual uncertainty for each item in this equation
metering box loss, flanking loss, and other losses included ifust be estimated. Such estimates may be made from a knowledge of

the net energy calculation. individual instrument and transducer uncertainty or from the results of
12.1.11 Any thermal transmission properties calculated irsalibration experiments designed to investigate such uncertainties. Then,
11.3, and their estimated error (see 13.1 and Note 27). following the propagation of errors theory which assumes the errors to be

12.1.12 A full description of test procedure and dataindependent, the uncertainties are combined by adding in quadrature
- (square root of the sum of the squares) the absolute uncertainties for sums

analysis techniques used. . . . and the relative uncertainties (fractional or percentage of the variable) for
12.1.13 The test-start date and time, the time required tehe products or quotients.

establish steady temperature conditions, the time to reachNore 29—Uncertainty estimates for existing apparatus range from 1 to
steady-state, the data acquisition time period and frequencyp % or more depending upon the variable mentioned. Published
and the test-end date and time. estimates include 0.75 to 1.0 % according to Mun{@and to Miller et

12.1.14 Include a statement of laboratory accreditation of! (4) and from 1.5 to 3 % according to Rucker and Mumg@) A S %
the test facility used, if applicable. agreement with guarded hot boxes was also reported by Miller @.al

. . . Unpublished estimates range from less than 2 % for a large box operated
12.2 pPrecaution—Where this test method might be with a temperature difference of 56°C to 10 % when the same box is

specifically referenced in published test reports and publishegherated with a temperature difference of 14°C for a high resistance (5.3
data claims, and where deviations from the specifics of the test m%w) specimen.

method existed in the tests used to obtain said data, the 13.2 Interlaboratory Comparison Resuits

following statement shall accompany such published 1351 Background—A round robin for guarded and
information: “This test did not fully comply with the following  cgjinrated hot boxes was conducted with 21 laboratories
provisions of Test Method C 1363” (followed by a listing of o icipating, 15 boxes were guarded while 6 were calibrated
specific deviations from this test method and any special tegly; hoxes. The design of the round robin is described by Powell
conditions that were applied). and Bales(14). Data were reported for 100 mm thick
13. Precision and Bias homogenous specimens of expanded polystyrene board. Each

13.1 Uncertainty estimation-The precision and bias of this |aPoratory received material from a special lot whose
test method depends upon test equipment and operatier’Od“Ct'O” was specially controlled to ensgre a uniform
procedures, and upon the test conditions and specimepfCduct density. At a mean temperature of 24°C, the average
properties. For this reason, no simple quantitative statemefit”value was determined to be 2.81 K/WW. The regression
can be made that will apply to all tests; however, in order tgeauation for each data set was:
comply with the requirements of 12.1.11, it is necessary to Ryuardea™ 3-146— 0.016°T 1can (11)
estimate the uncertainty of results for each test to be reported. Rosiibrateg= 3-265— 0.016 *T, . (12)
Such estimates of uncertainty can be based upon an analysigr a mean temperature range of 4 to 43°C. The mean specimen density
using the propagation of errors theory discussed in textbookgnged from 20.2 to 23.9 kgfinThe report of this round robin was
on engineering experimentation and statistical analysis; see f@fepared by Bale¢l9).
example Schenckl3) or ISO Standard 8990. These estimates 13.2.2 Precision—At a specimen thermal resistanceRf=
can be augmented by the results of interlaboratory tese.81 K n?/W and on the basis of test error alone, the difference
comparisons (round robins), and by the results of experimenia absolute value of the test results obtained from two
designed to determine repeatability of the effect of deviationsaboratories on this same specimen material lot will be
from design test conditions and by measurements of referen@xpected to exceed the reproducibility interval only 5 % of the
specimens from appropriate standards laboratories. In generaine. The reproducibility intervals based upon this round robin
the best overall accuracy will be obtained in apparatus with lovare presented in Table 2. For example, measurements from two
box wall loss and with low flanking loss. Low box wall loss different laboratories using a calibrated hot box on this same
can be achieved by using highly insulated walls subjected tgpecimen lot would be expected to differ less than 14.4 % at a
low temperature differences. Low flanking loss, in relation tomean temperature of 24°C, 95 % of the time.
metering box heat input, can be achieved by using large boxes 13.2.3 Bias—Based on guarded hot plate data, (see Test
where the ratio of perimeter to area is less, and by minimizinglethod C 177), from the National Institute of Standards and
any highly conductive layers of skins flanking the specimen afTechnology and supported by measurements from other
its perimeter. Also, in general, for a particular apparatus, the
uncertainty will decrease as the heat transfer through the  7aBLE 2 Reproducibility Test Results—Homogeneous

specimen increases. Thus the highest accuracy will be obtained Specimens ASTM Hot Box Round Robin (19)
for low-resistance specimens subjected to high temperature  mean Reproducibility Difference
differences. Temperature Interval (%) in Resistance
(°C) Calibrated Guarded (M2K/W)
NoTe 28—As an example, an outline of the procedure for an 4 13.6 14.6 +0.22
uncertainty analysis for thermal resistanBejs as follows: 24 14.4 15.6 =022
43 15.4 17.2 +0.22

From 3.1.2R = (t,— t,)A/Q where the power through the specimén,
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laboratories, the average value for the round robin specimen is 13.3 No interlaboratory comparison exists for this latest
a thermal resistance of 2.81 KV at an average density of version of the generic hot box method. Improvements to this
20.8 kg/n?. The mean value as measured by the composite aest method based upon experiences of the hot box operators
the calibrated hot boxes was 2.88 (K/WV) or 2.7 % greater would suggest that this test method has improved precision and
than expected from the hot plate tests. The mean value afias over the two previous standards. An interlaboratory
measured by the composite of the guarded hot boxes was 2.t8mparison of this test method is planned as soon as it is
(K m?W) or 1.1 % less than the expected value. available and the laboratories have had time to modify their

Nore 30—Both round robins used quasi-homogeneous specimendPparatus to meet the requirements of this test method, if
assembled from multiple pieces of the polystyrene board stock. While thimecessary.
specimen approximates an ideal wall section, it cannot be represented by
the homogeneous board stoc!< _materlal dL_Je to the presence of 10|_nts ariqL Keywords
surface treatment. The precision and bias statement above gives an

indication of those values expected for this specimen lot only and may not 14.1 building assemblies; hot box; test method; thermal
represent the values expected for either a non-homogeneous wall SeCtiﬁrﬂoperties; thermal resistance

(that is, real walls) or for a specimen that is truly uniform in density and

material properties.

ANNEXES
(Mandatory Information)

Al. CALCULATIONS OF METERING BOX HEAT LOSS

Al.1 The following equations may be used to estimate the Ags = A + 0.54L Zg + 0.60L° (A1.2)
heat loss through the walls of a five-sided rectangular metering
box made of homogeneous material. They are based upokhere: o
Langmuir's equation€15) by considering the loss to be half A = box inside surface area,’m
that of a closed six-sided box form by placing two of the L = wall thickness, m,

open-sided boxes together. The heat loss in watts for th%‘ = effective wall thermal conductivity, W/meK,

N o ) inside wall temperature, K,
five-sided box is given by: tI outside wall temperature, K, and
_ A Agr e (t —to)

o . .
q . (AL1) pY: sum of all (total of 8) interior edge lengths formed

where two walls meet, m.
where the effective area normal to heat flov, ia given by:

A2. METERING WALL TRANSDUCER OUTPUT AND HEAT FLOW RELATIONSHIP

A2.1 The procedure given in Annex A2 outlines the stepshere:

required to obtain the relationship between metering chambeQ; = heat flow due to the fan, W,

wall heat flow and its measurement transducer output. ThisQ, = heat flow due to the heater, W,
method addresses the technique that will yield the heat flowQm = metering box wall heat flow, W,
relationship as a function of the transducer output including aQi = heat flow by the flanking path, W,

; = heat flow through the specimen, W
zero offset, if present. s . s Y
P R = thermal resistance of the specimerfekiW,
= metered area of heat flow,

. . . . . A
A2.2 ltis essential that the air velocity and power inputin A1 — temperature difference across the specimen, K

the metering, guard, and environmental boxes be held constarg0 = thermopile emf when net heat through the metering
along with all temperatures throughout each calibration phase. box walls is negligible, and
By holding the air velocity and input along with the surface E = = thermopile emf, V.

temperatures Constant, the Operator ensures a constant hea'trom an Operationa' Standpoint’ the objective of proper
transfer film coefficient to the specimen during the test. Eje  metering box operation is to makg,, equal to or neatly zero.
value associated with negligible net heat flow across the meteD_ is a function of the transducer outpu, which can be
box walls is then obtained form the relationship betw€gn  described by:

and E. The equation that describes the total heat flow drawn
schematically in Fig. A2.1 is:

Q+Qn+Qn+ Qy=0Q,=AATR (A2.1) A2.3 To quantify m, at least three test runs must be

Q,=Fn(E)=mE+b (A2.2)
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FIG. A2.1 Hot Box Metering Chamber Heat Balance Schematic

performed with differing levels oE. Adjustment of the value Notice that setting the temperature difference across the
of E can be accomplished by adjusting the guardingspecimen to zero also forces the flanking 103g, to also be
temperature while holding the other temperatures constant. Th&jual to zero.

level of change required to establl_s'h'a good relatlonsh|p will b=0Q+Q + mE (A2.2)
depend upon the transducer sensitivity and the metering wall

thermal resistanceE must be held constant within each test.  This test is accomplished by adjusting the box controls such
The specimen surface-to-surface temperature difference artbat the fan wattage is at operational conditions and the heater
mean temperature must be constant and at the same valuewdéttage is at the minimum value that maintains temperature
Q,, for all of the calibration tests can be approximated bycontrol. Adjust the climatic chamber temperature to match the
assuming the desigR. It is not necessary to know the trie  metering chamber temperature. In this configuration, no energy
of the specimen. Pld,, as calculated from Eq A2.1 versus the s flowing through the specimen. During this test, lateral heat
transducer outpuk. The slope of the line isnin Eq A2.2. flow must still be negligible. Usingn that was determined
previously, use Eq A2.4 to determite The thermopile emf

A2.2. Set the temperature difference across the specime\ﬁ’llue that pertains to negligible net_flowthroughthe meter box
surface equal to zerd), = 0). Substituting Eq A2.2 into Eq WallS Eo can then be calculated using Eq A2.5:

A2.1 and settindQ, = 0 reduces Eq A2.1 to: E, = —(b/m) (A2.5)
Q+Q=—(mE+b) (A2.3)

A2.4 The next step is to quantify the zero offdetfor Eq

A3. FLANKING LOSS CALIBRATION

A3.1 General Discussion calibrated hot box described by Mum&®). That hot box is a vertical wall

. . . . . tester with a specimen area of 2.7tm.3 m. The chambers and specimen
A3.1.1 This annex describes the flanking loss Cal'lﬂ"rat'orframe are constructed of urethane foam (0.5 m thick) with glass fiber

procedgre that must be used in determining the_ flanking losginforced polyester (GRP) skins (1 to 3 mm thick). The example is
correction for the hot box apparatus. Depending upon thepecific to that facility, however, the development procedure and
design and control of the test facility, the flanking loss may becalibration results should be useful as a guide for other hot box users.
insignificant for a guarded box. The error statement for each

facility shall include a discussion of the flanking loss. A3.1.2 The flanking loss is defined as the quantity of heat

that flows between the metering and climatic chambers through
Nore A3.1—The example provided herein to clarify the procedure isthe frame that holds the specimen. Flanking loss may also be
based upon the discussion by Lavine et(E2) that was used for the the flow of heat from the metering chamber to the guard
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chamber that passes through the specimen. Finally, the flankinge surface skin. Since the skin normally has a fairly high
loss may also be the additional passage of heat through thenductivity compared to the internal materials, it cannot be
surround panel wall surrounding the test specimen when thiginored as a heat flow path. The flanking loss can occur
surround panel calibration panel thickness is different from thehrough both the skin and the insulation beneath. For this
test panel thickness. Fig. A3.1 shows three examples ddnalysis the use of a finite element model is recommended.
potential flanking loss location. The flanking loss is expected to A32.2 For ease of calculation of the flanking of loss
be a function of the construction through the flanking lossygrrection, the heat loss along two paths may be lumped
passes, the temperature difference the two chambers, the megRether and described as a single path with an effective
temperature of the construction, and the thickness of theondyctivity, length, and area. The exact form of this equation
specimen. will be determined from the modeling results. However, the
Note A3.2—Ilt is informative to note the approximate magnitude of the flanking loss has been successfully predicted using the

flanking loss relative to the heat flow through the specimen, for somdollowing equation form:
typical conditions. Consider a 110 mm thick wall with an overall thermal

resistance of 2.5 AK/W, tested at a 10°C mean temperature. Under these Qi = Rer* (AWler Aty (A3.1)
conditions, for the example hot box, the flanking |0Qg)(is estimated to h .
be 6 % of the specimen heat flo®4). This is a small percentage, but is where. .
not negligible. IfQ; could be calculated to within 10 % error, then the <fi = flanklpg loss, . . .
resultant error irQ, would be 0.6 %. Nett = effective conductivity of base insulation and the
. skin material,
A3.1.3 The magnitudes d@q and Q; are strongly related, (AlL).z = effective area/path length of entire frame around

since both are proportional to th¥ across the specimen. For
the example above, the value of 6 % is typical @y relative t —

to Q. This magnitude could be significantly different for *° = airto-air temperature difference.

. Thi itu u ignifi y di . . . o

another frame construction or different specimen area. I? A3:2'3 Strictly speakm'g, the effective condugtly[ty IS a
function of temperature, since the thermal conductivities of the

contrast to the example above, if a plywood skin were used ) i : . .
the skin for the frame, it would provide a low thermalabase insulation and skin vary with temperature. The effective

resistance flanking path for the flanking loss. For a 13 mnP"’.‘th Iength'and area will clearly be a function c.)f specimen
thick continuous plywood skin, the flanking loss would exceeatmckness, since varying the specimen thickness will change the

10 % of the specimen heat flow under many test conditions. 980Metry of the problem. As the specimen thickness is
increases, the path length for flanking loss will increase.

A3.2 Preliminary Analysis Therefore, the functionA/L) will decrease with increasing

A3.2.1 A preliminary analysis must be made to predict theSPecimen thickness.
form of the flanking loss calibration equation as a function of A3.2.4 Once the basic form of the model is determined, a
the appropriate variables, that is, air-to-air temperatureensitivity analysis should be conducted on the flanking loss
difference between the chambers, associated meamodel. This sensitivity study will fix the significant variables
temperature, and the specimen thickness. Refer to Fig. A3.tontrolling the flanking loss, determine the form of the
which shows a cross section of the joint between the frame aneesulting correction equation, and be used as a guide for the
the specimen. The primary direction of heat flow is parallel toexperimental verification of the model.

its perimeter, and

Metering Side “—‘”—[' Climatic Chamber
1
Specinen |1
T |
| ‘ 1 _____ Igothermal Lines
.

Congtant Heat Flow

FIG. A3.1 Typical Flanking Loss Geometries
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Nore A3.3—For the example hot box, the thickness dependence of theelationship between the various factors controlling the level of
flanking loss was investigated theoretically using HEATINGS, a finite flanking loss, it is necessary to conduct a series of experimental

difference heat conduction progra(@7). A cross section at the joint . f .
between the frame and the specimen was modeled. The metering chambteStS on known specimens in order to develop the magnitude of

r, . . .
climatic chamber, and room air temperatures were taken to be 24, -4, ar&ﬂe equation coefficients for the various factors. The factors of
24°C, respectively. Since the metering chamber and room air temperaturége investigation probably will be the same as those discussed
were chosen to be equal, there was no chamber wall loss, and all heat A3.2. Each variable should be tested at its range of expected
leaving the metering chamber ended up in the climatic chamber. Thus, thgsyes. This would include, as a minimum, tests several

flanking loss was simply the quantity of heat leaving the meteringthicknesses mean temperatures, and temperature differences
chamber through the frame, integrated over the perimeter of the frame. ! P ! P )

Modeling runs were made on the example facility to determine the

thickness effect. The thickness of the specimen ranged from 19 to 30 ests was run on homogeneous calibration specimens with known thermal
mm, and the specimen conductivity was held constant. (A few runs wer 9 P

made that determined that varying the specimen conductivity did nofNaracteristics. Single thickness (35 mm) and triple thickness (105 mm)
strongly affect the flanking loss.) Fig. A3.2 illustrates the shape of flankingSPECimens were constructed for characterizing flanking loss as a function
loss as a function of specimen thickness, as predicted by the HEATINGS' specimen thickness. To investigate the temperature dependence of the
model. SinceAt, ,and [lambdal,; were constant for these runs, this plot flanking loss, a series of tests was performed on each calibration
can be used to define the thickness dependence of the flanking lo§pecimen. Temperature differences across the specimen ranged from 28 to
(AJL)of. Once the functions [lambda} and @/L)¢ and @/L).; had been 58 K, and mean temperatures varied from -13 to 49 °C.

defined, the predicted flanking loss equation was complete. It could then

be compared to experimental results to determine the exact coefficients f#3.4 Data Analysis and Final Equation Coefficients

the equation.

Usi?lg the model, the temperature dependence of the materials was A3.4.1 The “required” flanking loss was defined as the
estimated to have less than a 10 % effect on the flanking loss. Since tifanking loss required to balance the other energy gains and
flank?ng loss for the example hot box was on the order of 6 % of thelosses on the metering chamber. That is, from the energy
specimen heat flow, temperature dependence qf the effective framggiance on the metering chamber:
conductivity has only a minor influence on the specimen heat flow. It was,
however, included in the final calibration equations. Qtireq = Qin = Qen — Qs (A3.2)

Note A3.4—In the example calibration procedure, a series of hot box

A3.3 Experimental Model Verification where:

A3.3.1 Once the model has been used to develop thle'vfeq = required flanking loss,

200
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160 ¢+

1.40 1

s

:

FLANKING LOSS - (W/K)
8

o
8
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0.40

0.20 {

o} 50 100 150 200 250 00
SPECIMEN THICKNESS - (mm)
FIG. A3.2 Relationship Between Thickness and Flanking Loss
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Qin = heat input from resistance heaters, fans, minusSpeCimen thickness. If the general Shape of the experimental
heat extracted by the coiling coil, and theoretical results are in agreement, then the appropriate
Qe = chamber wall loss, known from previous coefficients can be determined by regression.
calibration,

Note A3.6—For our example, the theoretical model results and the two

Qs = specimen heat flow, experimental estimates ofA[L).; are plotted in Fig. A3.4. It can be
=G ¥ As* Atg g . observed that the experimental points do not fall on the theoretical curve,
Cs = specimen conductance, a known function of byt that the general shape of the curve appears to be correct. Observe that
temperature, the theoretical curve predicts flanking loss to be inversely proportional to
A = specimen area, and thickness for large thicknesses (150 to 300 mm). For smaller thicknesses,
At,, = surface-to-surface temperature difference acrosshe flanking loss curve becomes more steep.
the specimen. A3.4.4 From the modeling results, it is probable that the

A3.4.2 In order to check the validity of the predicted flanking loss dependence on thickness has the general equation
temperature dependence of flanking loss from the test resultfarm of Eq A3.3:
the flanking heat loss require@y o, shall be calculated for
each of the tests. The results are then plotted vergust, , as (AL )efipn =
in Fig. A3.3.

a
(b + th)

wherea andb are model constants anll is the specimen
Note A3.5—For our example, a strong linear trend can be observed fothickness. The two constants were solved for using the two
both of the specimens. Since the flanking loss had been predicted to ; i
proportional to the independent variable, straight lines were fit throughthttze:%(pe”menUle estimates oAll)e.
data, constrained to go through the origin. This was done separately for the Note A3.7—The resultant curve is also plotted in Fig. A3.4, and gives
single and triple thickness specimens. A statistical analysis indicated reasonable representation of flanking loss as a function of thickness.

acceptable agreement between the data and the regression lines. Thus, th%3_4_5 Combining the results of the regressions on the

predicted temperature dependence of the flanking loss had been validated.diviclual effects from our experiments will vield the equation
In our example, however, the slopes of the two regression lines indicateP.| P y q

two values of A/L). 4, one for each specimen thickness. This demonstratedOr correction of the flanking loss as a function of the

(A3.3)

the predicted thickness dependence of the flanking loss. experimental variables.

A3.4.3 Notice that the regressions @f; vs. Ao At,., also Note A3.8—Thus, for the example hot box, the flanking loss can be
provide an experimental estimate of the functidl] s Asin  described by an equation of the form:
the example of Fig. A3.4, the experimental flanking loss and Qq = Neg* (@ (b + th)) « At,_, (A3.4)

the theoretically predicted flanking loss are now plotted versus where\ is a function of mean temperature.

H g . e S SR,
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FIG. A3.3 Flanking Loss Versus Conductivity Times Temperature Difference
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FIG. A3.4 Flanking Loss Results Versus Data and Modeling Predictions

A3.4.6 Consideration must be given to various possibleA3.5 Final Evaluation of Flanking Loss Calibration
sources of errors in the flanking loss calibration procedure. The A3.5.1 As a final check of the accuracy of the flanking loss

three listed below are highlighted for consideration. . ; . )
A3.4.6.1 The flanking loss equation developed from testsc"’“'braltlon equation, the net specimen heat flow should be

using one particular frame may differ slightly for other frames?alcmatﬁd irorr? thel_inergy balanceTﬁn thel m;atgrmg chgmﬁer
of the same general construction. or each of the calibration tests. The calculation used the

A3.4.6.2 The data analysis assumed that the specimen hdlgnking loss equations described above and the chamber wall
flow could be calculated a®), = C, « Ae At.. This loss equations from previous calibration experiments. The net
S S S-S . . .
presupposes one-dimensional heat flow through the specimeYﬁ"UGS of the conductance for the calibration specimens are
In actuality, the heat flow will be two-dimensional to some then found from:
extent near the frame. _ _ C.= QJ (Aj* Aty (A3.5)
A3.4.6.3 Finally, the testing and analysis are generally
performed on homogenous specimens. It is not known whether Note A3.9—The results of this analysis for the example hot box are
flanking loss would be greatly different for a non—homogene0u§|°tted versus mean specimen temperature in Fig. A3.5. The known curve
specimen. It is conceivable that a multi-laver wall in which theOf conductance versus temperature is also shown. The root mean square of
I{fyers Ve;ry significantly in Conductiv?;y would behave the percentage error between the test and known values was only 0.8 %.
differently. The model used in this calibration can be used to
investigate these concerns for the particular box construction.
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A4. USING THE CALIBRATION HOT BOX TO DETERMINE HEAT TRANSFER THROUGH BUILDING ELEMENTS
SMALLER THAN THE METERING AREA

A4.1 General Considerations AQL/Q = (AQ//Qu) X (AA) (A4.3)

A4.1.1 Inthis use, the building element of akas located whereAQ,’ is the uncertainty in heat flow measured during
centrally in the metering ared,, and is surrounded by a the calibration test. If a blank of known thermal conductance is
homogeneous surround panel of afga= A, - A.. The total  used to calibrate the surround panel, then:

heat flow rate,Q,, determined by the hot box measurement _ )

. =t ; : : A = (AQ, — AQy)/ A4.4
assuming no interaction consists of two heat flow rates in _ ' (_Q‘ Q‘)_Q‘ _ _( _ )
parallel, in accordance with the equation: whereAQ,, is the algebraic uncertainty in determination of

Q0 -0.+0 (Ad.1) heat flow through the blank. Little can be said in general about
tooxe o m ’ the magnitudes of the algebraic fractional uncertainigQ,
WherEQe is the total through the bUIldIng element am@ and AQm/QI’ since these depend on the qua“ty and
and Q,, is that through the surround panel aréq. To  management of the particular hot box apparatus and upon the
determineQ,, measurement is made Q¢ andQ, is inferred  accuracy of determination of heat flow through the blank, but
from calibration measurements made by means of hot box tesfs js evident that the systematic portion of the uncertainty
of the surround panel either before the aperture for the buildingQ/Q, is reduced af\Q,/Q, is made small. Also, ag,, is
element is Cut out O-r with a blank -Of- known thermal made Sma”’ the terMQW/Qt is presumab|y also made less
conductance installed in place of the building element. significant. Thus, the fractional systematic uncertainty possible
A4.1.2 The uncertainty inQ, is evidently equal to the in the determination o€, is reduced by increasing either the
difference of the algebraic uncertainty @ and Q,. The  area of the building element (if feasible) or the total thermal

fractional uncertainty is given by: resistance of the surround panel.
AQJQ, = (AQ—AQ(Q;— Q) (A4.2) A4.1.3 The need to determine the surround panel heat flow,
= [(AQ/Q) — (AQ/Q) V(1 -Q,/Q) Q.. accurately requires that the surround panel be designed to

act as a heat flux transducer with an emf output and

X i ) . temperature differenceé\t, proportional to the total heat flow
estimate of the fractional un_certam'Q(Qm/Qt is dependent through it. This consideration is the basis for the specific
upon the method used to calibrate the surround panel. If th?ecommendations that follow.

calibration is made before the aperture for the building element
is cut out, then: Note A4.1—Additional uncertainty may arise due to the possible

where AQ, is the algebraic uncertainty iQ,, etc. An
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influences of the building element in causing two- or three-dimensionafacing on each face of the surround panel is desirable.
heat flow at the boundary with the surround panel and thus affecting thejowever, the coating or facing must be of low lateral

surround panel heat flow in regions adjacent to the element. Surroundynqyctance so that it does not contribute excessively to lateral
panel heat flow, determined under a given set of conditions with §,q 4 y-angfer at the juncture with the building element or at the

calibration standard in place, may change when the building element i . .
installed, even though the test conditions remain unchanged. The user undary of the metering area. The emittance of the surround

this procedure should attempt to evaluate their magnitude in relation to theanel surfaces should be uniform, and unchanged after
desired accuracy of the test. calibration. In cases where the transmittance (rather than the

. conductance) of the building element is of particular interest, it
A4.2 Recommendations is preferable that the emittance of the surround panel surfaces
A4.2.1 Itis recommended that the surround panel be madge high € > 0.8).
of a suitable uniform thickness of a homogeneous and stable A4.2.4 In view of the desirability of high thermal resistance
material of low thermal conductivity having adequate strengttof the surround panel relative to that of the building element,
to support the weight of the building elements to be testedihe uniform thickness of the surround panel should, in general,
Suitable materials are faced high-density glass fiber omot be less than that of the building elements to be tested, and
polystyrene boards laminated together as necessary. Strongfiay be greater than that of the thinner elements. Surround
surround panels can be fabricated by sandwiching layers gfanel thickness greatly exceeding that of the building element
insulation between layers of rigid materials such as plywoodis to be avoided if possible because of lateral heat flow in the
Such surround panels, though non-homogeneous, are uniforsiirround panel due to its exposure at uncovered areas of its
in the direction perpendicular to the direction of heat flow andaperture_ (In special instances, for example, a window designed
are calibrated in the same manner as homogeneous surroufifibe set a few inches outward from the plane of the inner
panels. It may be necessary in some cases to incorporaggirface of a wall, a special calibration of the surround panel as
framing in the surround panel to support heavy buildinga heat flow meter may be necessary using a blank of known
elements such as heavy-duty metal frame windows or masonmtermal conductance in the precise position of the window at
sections. Such nonuniform surround panels are necessarifiie juncture with the surround panel aperture.)
calibrated using blanks of known thermal conductance. A4.2.5 The surround panel aperture in which the building
Framing members must be kept away from the juncture wittelement is installed for test should set the element specimen
the building element and with the boundary of the meteringsnugly. Cracks between them should be minimal in width, and
area so as not to contribute excessively to lateral heat transfghould be filled completely with a good flexible insulation and
at these points. It is important that the surround panel be low igaulked or otherwise sealed at the surround panel surfaces to
hygroscopicity to minimize changes in its thermal resistancerevent air leakage. It is desirable that the insulation used to fill
with ambient humidity conditions, and that it be impervious tocracks have approximately the same conductivity as the
air flow through it. surround panel material; it would then be possible, if the cracks
A4.2.2 Thermocouples for measuring the temperaturexggregate an area significant in relation to the surround panel
difference across the surround panel should be permanenttea, to compensate for the increased virtual surround panel
installed uniformly flush with or just under its surfaces. Thesegrea by increasing the surround panel heat flow indicated by its
may be connected in series differential for determination of tthmperature drop in proportion to the increase in area.
surround panel temperature difference, or as individual A4.2.6 It is probable that many building elements to be
thermocouples for exploring temperature distributions on theested are inhomogeneous or nonuniform in construction for
faces of the surround panel. It is recommended that there be gfructural reasons, and in consequence that the local thermal
least eight thermocouple junctions on each face of uniforntonductances differ considerably at different frontal areas of
surround panels, four at positions bisecting the four lines fromhe element. The variations are inherent, and the result of the
the corners of the building element aperture to thetest is an average conductance or transmittance value for the
corresponding corners of the metering area, and four &btal construction, provided that the conductance variations at
position bisecting the sides of the rectangle having the first fougdges do not seriously impair the validity of using the surround
thermocouples at its corners. A suitable thermocouplganel as an adequate heat flow meter. This is a matter that
arrangement would have to be chosen for nonuniform surroungaries with the case, and therefore must rest on the judgment
panels that would provide representative average surfacgend technical experience of those conducting the test
temperatures. This is particularly important when naturaineasurement. A useful guiding principle is that nothing should
convection is used and air temperatures and film coefficientse incorporated in, or omitted from, a building element
vary over the metering surface. If framing members are usedpecimen being tested that would make it not representative of
an area-weighted average of temperatures measured over tifiz assembly that would be found in actual installation in
members and away from them is necessary. The surrounskrvice. For example, if a metal window ordinarily is installed
panel, as a heat flow meter, should be calibrated and used fith inset wood framing, the test specimen should include just
terms of the average temperature (or thermocouple emBo much of the wood framing as is properly chargeable to it.
difference across it indicated by the permanently installed o
thermocouples. A4.3 Calibration of the Surround Panel As a Heat Flux
A4.2.3 To protect the surface of the surround panel and the ~ Transducer
permanently installed thermocouples, it is necessary to render A4.3.1 The calibration of the surround panel is made by
the surfaces impervious to air. A permanent coating or thirmeans of hot box tests either before the aperture for the
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building elements is cut out or with a blank of known thermal surround panel aperture. Surface temperatures on both sides of
conductance installed in place of the building element. Thehe blank should be measured by at least one surface
surround panel must be fully prepared with the permanenthermocouple for each 0.5%wf area, but no less than four,
differential thermocouples installed and any final facings ordistributed uniformly over the area. The blank is calibrated by
coatings applied. Several tests are made, adequately coveriether measuring the thermal conductance of representative
the range of surround panel mean temperatures (and perhaggmples of the blank material in a Test Method C177 guarded
surround panel temperature drops and box air velocities) aiot plate or Test Method C518 heat meter apparatus or by
which the surround panel will be operated in tests of buildingmeasuring the thermal conductance of a large specimen of
elements. In each test, under steady-state conditions, thgank material in the hot box and subsequently reducing it to
metering box heat flov@,’, the corresponding surround panel the sjze required to fit the surround panel aperture. The
temperature dropt, and the emf indicated by its permanently c5jipration should cover the range of mean temperatures at
installed thermocouples are determined. The net surrounghich the blank will be operated during the calibration tests on
panel heat flowQ,," corresponding ta\ t is calculated a®,"  he mask. At any one surround panel mean temperature there
X (Ay/A) when the calibration is made before the aperture ishoy1q pe little variation of),//At with At, but Q//At may

cut, whereA,, andA, are as defined earlier, and &3/(- Qu)  yary slightly with mean temperature due to the change of

for the calibrated-blank method whe@, is the calcu_lateql thermal conductivity to the surround panel material.
heat flow through the blank. In the latter method of calibration,

a suitable blan mu.st first be prepared and gahbrated_. Thg\4'4 Specific Instructions—An Example
recommendations with regard to the construction of uniform
masks and installation of surface thermocouples should also be A4.4.1 An example of specific instructions for construction
followed for the blank. It is recommended the blank be theand calibration of a surround panel system for elements smaller
same thickness as the building element and be positioned in tltkan the metering chamber area is presented in Test Method C
precise position of the building element at the juncture with thel199, Section 5.

A5. RECOMMENDED PRACTICE FOR ESTIMATION OF THE TESTING SYSTEM TIME CONSTANT

A5.1 General Considerations constant which controls the test. This effective time constant,
A5.1.1 The time required to perform a hot box test isTem IS then used to fix the time periods for data acquisition and

determined in part by the speed of response of the testingétérmination of final system stability.

apparatus and the test sample’s response to changes in {8 3 Response of the Apparatus

environment. One measure of this response to change is the

time constanty, of the system. As described in Note 21, the

time constantg, of the system is the time required for the

system to respond to within 37 % €)/of its final value of

A5.3.1 The design of the apparatus should include
consideration of the speed of response of the test chambers to
changing test conditions. The speed of response of the
response, usually heat flow, after a step change in forcinapparatus, or time constany, is fixed by the design and forg
condition’ usually temperatur'e difference %roperly des'gf‘ed system Should b.e less than the specimen
’ : tc|jme constant in most situations. Since the test apparatus is

b A;&ﬁezr ti?er ;he Zgutj:x dig?fagﬁr’léhzsf:&%ﬁ]:g |sn(3:02gioellse ?nerally complex compared to the sample, and since it does
y bp 9 brop ot change with test sample, it is recommended that the

the test sar_nple. For test purposes, 'f. the apparatus tImgzpparatus time constant,, be determined by experimental
constant,r,, is greater than the sample time constagtthe

test will be controlled by the value of, If, however.r, < ., means. The recommended procedure for this determination is

then the sample response will be the controlling factor in theIIIUStratEEOI InAS.4.

test completion. A5.4 Experimental Determination of the Effective System
A5.1.3 Since the operation of the hot box apparatus isa heat  Time Constant

transfer problem, it appears logical that the controlling factors a5.4.1 As discussed in A5.3.1, for any experimental setup,
for the hot box test would include: (1) the heating or coolingthe measured response is the sum of the responses of the
capacities for the apparatus; (2) the air circulation patterns anygividual parts. Therefore, with an experimental approach to
velocities; (3) the internal heat capacity of the test chambershe time constant determination, the measured time constant,
(4) the thermal diffusivities of the material used to construct the; _ will be the combined response of the apparatus constant,
apparatus; (5) the specimen geometry; (6) the specimep 'and the sample time constant, If the time constant of the

thermal diffusivity; and (7) the specimen heat capacity. sample is significantly less than the time constant of the
apparatus, the apparatus time constaptcan be determined
A5.2 Approach from the measured effective time constany, using a simple

A5.2.1 The controlling testing system time constant isexperiment.
determined by the following procedure: (1) estimate the time A5.4.2 The challenge now is to design a test specimen with
constants for the apparatus, (2) estimate the time constant far short time constant. Fortunately, the time constant of a
the test specimen and then (3) pick the larger which is the timbomogeneous, low internal thermal resistance system can be
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approximated by the following first order equation: A5.4.4.1 Construct a sample having the lowiestalue and
MeC the lighest weight that can be tested within the practical limits
TS heA (A5.1)  of the test apparatus. (Heating capacity is the critical issue
here.)

where: _ A5.4.4.2 Close the system and let the test sample and

Ts = system time constant, hr, apparatus come to equilibrium at the test laboratory

M = mass of the sample, Ib, temperature.

C = equivalent heat capacity, Btu / lbm F, A5.4.4.3 Set up the data acquisition system to record all test

As = heat transfer area,ftand parameters at five-minute intervals.

h = average surface coefficient, Btu/ hf f.

oS . A5.4.4.4 Initiate test conditioning and record the test data
By examination of Eq A5.1, the test sample will have a Iowerfrom time zero at five-minute intervals
time constant if the specific heat capaciig~(C) is kept low, A5.4.4.5 Continue monitoring the test data until steady-state

S”X:Se '2‘5361?,? i2 ir;rqe ggseglgﬁiieaaggzgiﬁ g::qlglr; that has zeris reached. For this determination, use four consecutive one
o P p unr time averages to establish steady-state.

internal resistance; however, a specimen can be developed thaA5_4_4_6 Plot the time versus net sample heat flow rate (for

has a low internal resistance and low heat capacity. TOhe usual case of constant temperature control) for the period
accomplish this requires a light weight, loR specimen. f{om start to steady-state (see Fig. A5.1)

|deally, since the time constant of the test system does no A5.4.4.7 Determine the elapsed time from startup, in which
change, the test sample for this purpose could be the same it '

; o % five minute heat flow was 63.2 % of the final value.
that used to es.tabhsh t_he lcivend of the Callbratlon_ range. In A5.4.4.8 Determine the elapsed time from startup, in which
general, this will establish a good estimate of the time consta

. . %e five minute heat flow was 86.5 % of the final value.
for the apparatus. This result should be the shortest test time A5.4.4.9 The difference in times for Step A5.4.4.7 and

constant for the testing system. ; .
A5.4.3.1 By similar path of reasoning, one could reason tha?'Z'A"8 is equal to the time constant for the test systeg.,
a high R, high heat capacity system, for example, a well Note A5.1—For this determination, the time constant will be

insulated, concrete wall, would yield the longest sample tedpdependent of the magnitude of the temperature shift or the heat loss of
time constant the system. The controlling factor for the time constant will be the heat

A5.4.4 Procedure for experimental time constant capacity of the air handling system and the ability of the data system to

T . - .~ accurately measure the correct temperature and heat flows.
determination: The following experimental procedure is ]
recommended for determining the time constant for a hot bof*>-5 Sample Test Time Constants
system. A5.5.1 Since the value of the time constany;, determined

12w |

1.000 1

§

-4 h
g

a |
0.400

0200 +

0.00 050 1.00 150 200 250 3.00 350 400 450 5.00
DIMENSIONLESS TIME
FIG. A5.1 Sample Heat Flow vs. Time
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in the previous section is for the loR, low heat capacity the ASHRAE Fundamentals volume and other resource books
specimen, it is still necessary to determine the time constan@n transient heat transfer shows that the common method for
for the rest of the potential test sample constructions. Otombining the heat transfer parameters for a complex structure
course, one could repeat the experimental procedure of A5 to add the system path effects together using a parallel path
for all test specimens. However correct, this approach would beechnique. Applying this principle to the calculation of the time
expensive. An alternative is to estimate the time constant foconstant yields the following:

the sample based upon the simple formula similar to Eq A5.1 AJr, = Ay +AdTo +
as shown in Eq A5.2:

..... +Alg (A5.4)

MeC where
Te T WA (A5.2) A, = overall sample area, 4t
A, = component heat path ared, ft
where: T, = sample composite time constant, hr, and
T« = effective sample time constant, hr, T = sample path component time constant, hr.
M = mass of the composite sample, Ib,
C = equivalent composite specific heat, Btu/lom F, .
A = heat transfer area 2ftand A5.6 Overall Test Time Constant
h" = the composite surface coefficient which includes an A5.6.1 We have now established estimates for the apparatus
estimate of the internal heat flow resistance, Btu/ hr time constants,, and the composite sample time constapgt,
ft> F. for our test setup. As outlined A5.2, the remaining step is to
and: choose the time constant that controls our process. This choice
' , is made as follows:
1R = (1) + (Rue) (AS.3) A5.6.1.1 Ifr>>1,, then userz= 7, OF
A5.6.1.2 If >>1,, then user.4= T, OF
h = the surface coefficient, Btu/ hrF, %md A5.6.1.3 ItT,~ 7, then use the larger af, or 7.
Rie = the estimated sample resistance, AFtBt. A5.6.2 For purpose of ease of calculation and data logging,

This procedure still may be too complex for a typical the period of the scan time used for the test may be
building construction that has many structural members wittapproximated by rounding down to the nearest simple fraction
significantly different heat flow rates. A further simplification of one hour. For example, if the time constant is determined to
for our purpose is to estimate the time constant for each of thbe 33.5 minutes, use 30 minutes. Or, if the time constantis 12.5
simple heat flow paths and then combine them into amminutes, use 10 minutes. Remember, this is a guide for testing
“average” time constant for the complex structure. Review ofand an exact determination is not required.

A6. DETERMINATION OF ENVIRONMENTAL TEMPERATURE WITHIN THE HOT BOX ENVIRONMENT

A6.1 General Considerations Qrad = €eit * Niag™ Area ™ AT, ) (A6.2)

A6.1.1 The heat transfer environment seen by the tesiyhere:
specimen surfaces within a hot box apparatus are generallyy) _, = heat loss by radiation from the test specimen

controlled by two types of heat transfer. The first is the surface $) to that of the surrounding enclosuta),(
convective heat transfer, which exchanges heat from the and
surface to the surrounding air by convective means. This heaté,; = effective emittance of the test specimen and
flow, a function of the system geometry, air curtain properties, surrounding enclosure surfaces. The effective
and air flow velocity, is generally expressed by Eq A6.1. emittance is defined in Eq A6.3:
com = Noony* Area * AT, AG.1 _ 1
° hed Ceft = [1feg + 1le, — 1] (A6.3)
where:
Qconv = heat loss by convection from the test specimen
surface, where:
h.ony = convective heat loss coefficient, and €, = areaweighted emittance of the surroundings as seen
s.a = temperature difference between the test specimen by the test specimen,
surface §) and air curtain ). e, = emittance of the test specimen surface, and
A6.1.2 The second mode of heat flow is from radiative heatMaa = radiation heat transfer coefficient for the system.
transfer, which exchanges heat between the test specimen This coefficient is defined in Eq A6.4:
surface and the surrounding enclosure by radiation exchange. h =4e0e Tmearf (A6.4)

This heat flow, also a function of system geometry, and
surrounding surface temperatures, is generally expressed by Eq
AB.2.
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where: A6.1.5 The development of the equations above is general
o = Stefan-Boltzmann constart 5.673e-08 (W/rfi K?) for both test specimen surfaces in the hot box. The remaining
T 3= Va2 + 421 + 4] (A6.5) concept to be defined is that of effective environmental

temperature for the test environment. Eq A6.7 defines the

where: effective environmental temperature as that effective

ATs, = temperature difference between the test specimentemperature that yields that same net energy exchange in the
surface and the surrounding enclosure surfaces. simple convective mode as the combination of convection and

A6.1.3 For Eq A6.4 and Eq A6.5, the temperatures used@diation seen in the test situation.
shall be in degrees absolute. Quotal = (Nag + Neory) - Area: (Tg—Ten) (AB.7)
A6.1.4 The total energy exchange from the sample surface _ _ _ )
is then the sum of the two modes of heat flow from the surfaces NOTE A6.1—Further discussion of environmental temperature is found
defined in Eq A6.6: in ISO Standard 8990.

Qtotal = Qconv + Qrad (A6'6)

APPENDIX
(Nonmandatory Information)

X1. AIR AND MOISTURE MASS TRANSFER

X1.1 General sufficiently to prevent undue frosting of evaporator coils.

X1.1.1 Heat transfer through an insulation or insulated X1.2.2 The apparatus and specimen perimeter should be
structure may be significantly increased by air infiltration orgasketed or otherwise sealed to limit leakage both to the
moisture migration into or through the specimen. Since suclenvironment and around the specimen. Checks using an
phenomena can occur in field applications, it would beimpervious specimen should show neglibible leakage for the
desirable to duplicate the conditions in the laboratory hot boxmetering chamber. A small leakage for the climatic chamber is
and to test for heat transfer due to air and moisture transfetllowable but must be calibrated and corrections made if the
combined with that due to the imposed temperature differencdlow to or from the climatic chamber is being metered.

In principle, such testing is possible and indeed some hot boxes X1.2.3 Corrections to the test heat balance for the enthalpy
have been designed for these tests. Such tests are not includsicthe infiltration air may or may not be necessary, depending
in the scope of this method because of the limited experiencgpon the temperature of the air and the direction of movement.
with them and because of the uncertainties of relating thef the direction is from the metering chamber to the climatic
results to the performance that may occur in field applicationschamber, the heat carried with the air entering the metering
This method, however, does not allow such test and, to thosenamber will directly add to (or subtract from) the metered heat
attempting them, the following considerations may be usefuland a correction must be made that equals the product of the air
mass flow rate, its specific heat, and the temperature difference
X1.2 Air Infiltration between the incoming air and that in the metering chamber. If

X1.2.1 Provisions may be made in the calibrated hot box fothe direction is from the climatic chamber to the metering
the measurement of both heat transfer and air flow undeghamber, no correction is necessary since the heat balance for
simultaneous temperature and air pressure differentialhe climatic chamber is not determined. In either case, the air
imposed across the specimen. In such cases, the apparafgst be so introduced that it is thoroughly mixed to achieve the
should be constructed to meet all requirements of Test Methoghamber air temperature before impinging upon the specimen.
E 1424 with recommended capabilities, in either direction, of X1.2.4 Measurements of heat flow made while a pressure
flow rates to 0.005 His for each square meter of specimen areaifferential is imposed can, in some respects, simulate the
and pressure differentials to 125 Pa. Pressure taps should kéfect on thermal performance due to air infiltration caused by
installed at mid height of the metering chamber and at the samgind impingement. It is difficult, however, to relate such data
height in the climatic chamber. to field conditions of actual wind impingement upon buildings

X1.2.1.1 Caution: Pressure differentials across the or building elements because of the variable effects due to size,
specimen and across box walls must be limited to values whickhape, and orientation and the interaction with surrounding
will not cause physical damage. Adequate precautions must kmirfaces. It must also be recognized that a wind will not
taken to ptevent excessive pressures and to protect personmglcessarily impose a pressure differential across a wall equal to
against possible injury in case of accidental failure. its velocity pressure. Thus, it is only possible to conduct tests

X1.2.1.2 The air supply equipment should maintain the dewunder specified air pressure differentials and to report the
point of air entering the hot side below that of the cold sideresults without direct relation to wind velocities. Surface
temperature in order to prevent condensation within or on théhermal resistanceR,, as a function of wind velocity may be
specimen. Air entering the cold chamber should be driedound in the literature (see, for exampl@,6). Such values,
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when used for the added outside surface resistance as directaidthat same rate without change in state.

in 113 along W|th the thermal reSiStance measured Under the X132 Non_steady_state phenomena may a|50 be Of interest_
pressure differential and an appropriate inside surfac moisture is introduced on the hot side at an excessive rate

resistance, can give an estimate of the overall thermalnq it flow to the cold side is prevented or restricted by vapor
resistanceR,, and transmittance), under wind impingement. 4 qers or other impervious or semi-permeable layers, an

X1.3 Moisture Migration accumulation of moisture may occur, either by condensation or
Py freezing, depending upon conditions. These effects may be

X1.3.1 Provisions may also be made in the calibrated hot; . L .
box for the measurement of heat transfer due to the combinecc)lI interest and may be studied in the calibrated hot box. Other

effects of moisture migration and to the imposed temperaturéno'swre effects may also be of interest such as heat transfer

differential (and to an imposed pressure differential, if desired).d'”Iring the drying of a moist specimen under the influence of a

Moisture effects may be complicated. It seems reasonable fgMPerature gradient or during the evaporation of moisture or
expect that strict steady-state thermal conditions will belh® melting of ice in a specimen. In all these cases, changes
established only if the specimen and the air on the hot side af@2y occur slowly enough that a quasi-equilibrium is
completely dry or if a constant rate of moisture is introduced orgstablished for a period sufficiently long to obtain the required
the hot side under conditions that it flows through the specimeffiformation, or dynamic effects may be studied.
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