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Purpose: To modelnatural convectionin measurements of absorbeddosefrom water calorimeters operatedat roomtemperatureand

to evaluatetheefficacy of digital fil teringfor removing its effects.

Method and Materials: Finite-element calculationswereconductedto simulatetheresponse of a waterphantomat roomtemperature
(295K) to internalheating similar to that producedby a typical, radiotherapy-level 60Co beam. Phantomdimensionsof 30cmdepth
anddiameterandaninternal heatsource measuring10cm x 10cmat 5 cm depthand exhibiting a 60Co depth-doseprofi le werechosen
(per TG-51). The internal heatsource wasgiven a square-wavetime dependenceto simulateconditionsof repeatedopening/closing
of a shutter, and spatialdistributionsof both temperatureandvelocity wereobtainedasfunctions of time and (via FFT) frequency.
Simulationswere carried out both with and without buoyant forces specified, with shutterperiods up to 1800 seconds,so that
attenuationand phasedistortion dueto natural convection could beisolated.

Results: Naturalconvectionwasobserved at all shutter periodsstudied, increasingin intensitywith increasing shutterperiod. In the
time domain,convectionandconduction produce cooling effectsthatcausesimilar nonlinearities in measuredtemperaturewaveforms
at smaller shutter periods, while at longershutter periods,convection is markedby temporaloscillations. In the frequencydomain,
convection is readily identified in the temperature signals at all shutterperiods by modulationproductsat even harmonicsof the
shutter fundamentalfrequency. This artifact is consistentwith a perturbativetreatmentof theBoussinesqNavier-Stokesequations.

Conclusion: With the frequency-domainresults, we believewe havefounda uniqueexperimentalsignature for natural convection in
water calorimetry. Thesimpleoscil latory behavior of thephenomenonsuggeststhat its effectsmaybeeliminatedby meansof digital
fil tering.
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