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Discovery of linear asymptotic behaviour at
micro-Kelvin resolution in a modulated
Rayleigh-Bénard chamber

By Maurice H. P. M. vaN PurTeEnN® AND ANTON F. P. vAN PUTTEN

ANMAR Research Laboratories B.V., PO Box 1200, 5602 BE Eindhoven,
The Netherlands

A new experiment is described on heat transfer in a Rayleigh-Bénard chamber
modulated by an external flow. The results show a linear response of thermal gradients to
small Reynolds numbers, here resolved with micro-Kelvin resolution at room
temperature. It approaches a hyperbolic behaviour at large Reynolds numbers. This
response is nowhere reminiscent of singular behaviour in boundary layer theory. It may,
instead, represent a cellular model for describing heat transfer in porous media. An
application to correlating residential gas-energy usage and local weather data is included.

Keywords: Rayleigh-Bénard; heat transfer; asymptotic behaviour;
thermody namics anemometry; gas energy-usage; saving energy
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State of California
Department of Food and Agriculture
Division of Measurement Standards

Certificate Number: 5554-08

Page 1 of 2
California Type Evaluation Program
Certificare of Approval

Jor Weighing and Measuring Devices
For: Submitted by:
Hydrocarbon Gas Vapor Measuring Device Van Putten-Gas Energy Observatory (VPGEQ)
Model: A01 266 Pearl Street A
G4 —G6 Type Cambridge, M4 02139
Mazinmm flow rate capacity: 10 cubte metersIor Tel: {617) 864-7268
Volume display capacity: 99 999.999 cubic meters Fax: (617) 864-7268
Vohume display reselution: 0.001 cubic meters (one Centact:  Maunce HP M. van Putten Fh.D.
liter) mfoa WVPGED com

Standard Features and Options

Transparent acrylic glass meter casmg (Polymethy]l methacrylate, PRIMA)

Silicon integrated sensor enclosed in an alunumum chamber

Two line digital electrome display for flow rate (in hiters per numute) and volumes (n cubic meters)
Two permanently attached 90 degres G3/47 union flat F connections (mlet and outlet connections)
Maxmmom operating pressure; 130 psig

Pressure and temperature (PT) compensating

For ndoor mstallations onky

Optional remote display

This device was evalnared under the Californiz Tyvpe Evaluation Program (CTEER) and was fonnd to comply with the applicable technical
requitements of Californiz Code of Regulations for "Weighing and Measuring Devices.” Evaluation results and device characreristcs
naceszary for inspection and use in commerce are on the following pages
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Folond & Hoitrara

Edwmmd E. Williams, Acting Director

Effective Date: Apnl 14, 2008
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Ln/min

VPGEO Measurements in Dragon City Wok Restaurant,

Eindhoven, The Netherlands [April 4 2009)
mean flow rate = 31 Ln/min
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