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Joint Ballot For Your Action: NFRC 102-Tubular Daylighting Devices Test Method Language – This ballot proposes to add an appendix to NFRC 102-2004 which would document the U-Factor physical testing procedure for Tubular Daylighting Devices.  This ballot is in conjunction with a ballot of NFRC 100-2004 which is intended to change the rating procedure for these products from simulation only to test only, based on the results of a research project which concluded in 2006.  This change may significantly change the ratings of these products.[image: image2.wmf]Figure A3.1 - TDD Hot Box for Testing 
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	Approve
	Approve with Comment
 (insert comments below or attach)
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Proposed addition to NFRC 102-2004: (All language is new)
Appendix A3 (Mandatory Information)

Standard Test Method for Determining the Thermal Transmittance of Tubular Daylighting Devices
A3.1 Scope
A3.1.1  This appendix covers requirements and guidelines and specifies calibration procedures required for the measurement of the steady-state thermal  transmittance of Tubular Daylighting Devices (TDDs).  This appendix covers two distinct apparatus setups which are intended to rate the two primary installation methods utilized with these products. 
A3.1.2  The general requirements of testing shall be as defined in NFRC 102, ASTM C1199, and ASTM C1363.  This appendix will describe the unique apparatus and testing modifications required to accurately test a TDD.  Requirements in this appendix shall supercede the other documents.
A3.1.3  The primary modifications have been made to accommodate the unique product configuration, small product area, and the requirement for three distinct environmental chambers.  Unlike other tests using NFRC 102 and ASTM C1199, the hot box apparatus is configured for a test with heat flow in the vertical direction.  

A3.2 Apparatus
A3.2.1  The general concepts and construction specified in ASTM C1363 is applicable to this standard, with some unique modifications.  Unlike the standard C1363 apparatus, the TDD hot box apparatus requires three distinct environmental chambers.  These chambers are the metering chamber, the attic chamber, and the climatic chamber.  The chambers are arranged as shown in Figures A3.1 and A3.2.  The same apparatus can be utilized for testing in both configurations and this should be considered during design and construction. 
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A3.2.2  The metering chamber shall comply with standard practices for hot box construction as per ASTM C1363, with the following cautions.  Due to the very small size and low heat flow of the specimen being tested, the chamber shall be sized to allow for the maximum ratio of heat flow through the specimen to total heat flow.  The metering chamber guard area shall be designed and controlled to minimize wall losses.  Minimizing the heat flows through the walls and surround panel are critical to achieving acceptable accuracy with this test method.
A3.2.3  The weather side chamber shall comply with standard practices for hot box construction as per ASTM C1363. 

A3.2.4   The attic chamber shall comply with all the standard practices for hot box construction as per ASTM C1363 guidelines for the metering chamber.

A3.3 NFRC Test Conditions

A3.3.1  Metering Chamber Conditions

(1) Interior ambient temperature of 21.0°C±0.3°C  (69.8°F±0.5°F).

(2) An interior measured film coefficient during CTS panel calibration testing of 7.67 W/m2-°C (1.35 Btu/hr-ft2-°F) ±5%.

A3.3.2  Climatic Chamber Conditions

(1) Exterior ambient temperature of -18.0°C±0.3°C  (-0.4°F±0.5°F).

(2) An exterior measured film coefficient during CTS panel calibration testing of 30.0 W/m2-°C (5.28 Btu/hr-ft2-°F) ±10%.

A3.3.3  Attic Chamber Conditions 

(1) Attic ambient temperature of -18.0°C±0.1°C  (-0.4°F±0.2°F).

(2) An attic measured film coefficient during CTS panel calibration testing of 12.5 W/m2-°C (2.20 Btu/hr-ft2-°F) ±5%.

A3.4 Calibration
A3.4.1  Calibration Transfer Standards – The unique geometry of TDDs requires the use of a very unique CTS panel.  The CTS is constructed of three sections as detailed below and in Figures A3.3, A3.4, and A3.5.  All panels shall be constructed using a 12.7mm (0.5in) thick core material and 3mm (0.125in) facing material.  All thermocouples shall be mounted on the exterior of the facing materials.

A3.4.1.1  Metering Chamber CTS – This panel is shown in Figure A3.3 and is the most standard of the three required CTS constructions, representing the interior diffuser of the TDD.  The panel shall be 45.7mm x 45.7mm (18in x 18in). and shall be instrumented with nine thermocouples.  Due to the installed configuration of the three CTS during calibration runs, the thermocouple coverage area shall not include the outer 5.7mm (2.25in) of the panel.  This area is covered by the surround panel and the Attic CTS during testing and is not representative of the correct film coefficient.
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A3.4.1.2  Climatic Chamber CTS – This panel is shown in Figure A3.4 and is the most unique of the three required CTS constructions, representing the exterior dome of the TDD.  This panel is pyramidal in shape, with four equal triangular sides.  It shall be 20.3mm (8in) in height, when assembled, with a 45.7mm x 45.7mm (18in x 18in) base and shall be instrumented with twelve thermocouples, three on each face.  



A3.4.1.3  Attic Chamber CTS – This panel is shown in Figure A3.5 and is like four standard CTS joined into a tube, representing the tube of the TDD.  The panel shall be 38.1mm x 38.1mm (15in x 15in). and shall be instrumented with twelve thermocouples.  Due to the installed configuration of the three CTS during calibration runs, the thermocouple coverage area shall not include the lower 23.5mm (9.25in) of the panel.  This area is covered by the surround panel during testing and is not representative of the correct film coefficient.



A3.4.2  Calibration Tests – There are two distinct testing configurations required for TDDs.  They require two distinct sets of calibration runs.  Each set of calibration runs will require the following tests:

(1) Metering Box Wall and Flanking Loss Calibration, three tests covering a full range of expected EMF,

(2) CTS Calibration, one test at the conditions specified in section A3.3.

The CTS calibration setups are shown in Figures A3.6 and A3.7.  Metering Box Wall and Flanking Loss shall be calculated as described in ASTM C1363.  The surface heat transfer coefficients shall be calculated as described in the following sections.

A3.4.2.1  Room side surface heat transfer coefficient, hh is calculated as follows:

hh =  Qsm / (Asm • (th – t1m))






(A3.1)
Where:


Qsm = Metering Chamber CTS heat flow, calculated from:

Qsm = (Cts• Cg /(C g
+ 2•Cts
)) • Asm • (t1m – t2m)  

(A3.2)
Asm =  Area of the exposed cold side of the Metering Chamber CTS

t1m  = Equal area weighted average temperature of the warm side of the Metering Chamber CTS 

t2m  = Equal area weighted average temperature of the cold side of the Metering Chamber CTS

A3.4.2.2  Weather side surface heat transfer coefficient, hc is calculated as follows:

hc =  Qsc / (Asc • (t2c – tc))






(A3.3)
Where:


Qsc = Climatic Chamber CTS heat flow, calculated from:

Qsc = (Cts• Cg /(C g
+ 2•Cts
)) • Asc • (t1c – t2c)

(A3.4)
Asc =  Area of the warm side of the Climatic Chamber CTS panel

t1c  = Equal area weighted average temperature of the warm side of the Climatic Chamber CTS 

t2c  = Equal area weighted average temperature of the cold side of the Climatic Chamber CTS 

A3.4.2.3  Attic side surface heat transfer coefficient, ha is calculated as follows:

ha =  Qsa / (Asa • (t2a – ta))






(A3.5)
Where:


Qsa = Attic Chamber CTS heat flow, calculated 

Qsa = (Cts• Cg /(C g
+ 2•Cts
)) • Asa • (t1a – t2a)

(A3.6)
Asa =  Area of the warm side of the Attic Chamber CTS panel

t1a  = Equal area weighted average temperature of the warm side of the Attic Chamber CTS 

t2a  = Equal area weighted average temperature of the cold side of the Attic 

Chamber CTS 





A3.5 Calculation of Thermal Transmittance

A3.5.1  Test Specimen Thermal Transmittance, Us, is calculated as follows:

Us = Qs / (At • (th – tc))






(A3.7)
Where: 

At = Projected TDD Tube Area, based on outside tube diameter

A3.5.2  A Test Specimen Standardized Thermal Transmittance, Ust, cannot be calculated for this product.
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