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Abstract

Transient natural convection andifferentially heated cdty is a typical model of
many flow processes ithe ocean and atmaphere, and &s extense applicatios in
industrial systerms for whch it is of significare to enhance or degss the heat transfer
through the cavity. Thereforeatrsient natural convection widnd without a fin on the
sidewall of a differentially hetedcavity is experimentally and nurerically invesigated
in this thesis. One dhe nain objectives of this study i® investigate the effectiveness
of the fin for the purpose of enhancing thatteansfer through the heated sidewall.

The shadowgraph technique is@oyed tovisualize transient natual convectin
in a rectanglar cavty, and thernstors are w=d to neasure the tim series of the
tenperaturs at different locations adjaent to the ho sidewdl. The numeria
simulations in this thesifocus on the above experntal model. The SIMPLE scheen
based on the finite voluenmethod is adoptedo solve the two diensional governing
equations using the conercial FLUENT software package.

The presnt fow visudizations denonstratethat the trasition of the natual
convection fow in thecavity from the stat-up may be classified ito three tages an
initial stage,a transitioal stage anda quasistealy stage. The initialtage includes the
growth of the ther@ boundary layer and theelading Edge Effect. The correlation of
the thickness of the theanboundary layer with tim obtained fromthe present
experinents is corsistent with tha of a pevious scéng analysis. In the tansitimal
stage, the separation and trailing wavegshaf horizontal intrusion are observed and
eventually a double-layestructure of the therah bounday layer is visualized n
shadowgraph iages. The traveling waves tife inner layer in shadowgraph ages
becone clear in the quassteady stag, andtenmperatue measurerants indicate that this
is becaus the anplitude of the tragling waves in the thermal boundary layer increases
as the satification ofthe fluid in the cavity is effiorced.

The corresponding numerical sitations vdidated by the experiemts show that
the bright strips of thealible-layer structure in shadgraph inages correspond to the
extrenma of the second derivative of the fggraure. In fact, the sttdication of the fluid

in the @vity results ina tenperature digibution adacent to the sidewall witha
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maximum and a mnimum of the second deriti@e of the terperature, which in turn
leads to an opposing theahdiffusion directing to the teqperature rmimum

The flow visualizations ofransiem naturd convectionwith a in onthe sidewall
of the cavity show that the tratisn from the start-up is likewiselassified into three
stages with variations fromose withouthe fin, which also depend on the @msion
of the fin. Two fins of diffeent georetric paramsters, oe snall square fin and the
other larg thin in, ae consideed in the experiments. In the iritial stage, alower
intrusion front appears underneath the fud &éater bypasses thafiThe lower intrusion
front bypassing the satt square fin redadches to the downstreathernal boundary
layer, but the one bypassingetharge thin fin mves upwardsind strikes the intrusion
under the ceiling. Although there are somariations of the transition of the theam
boundary layer flows between the caseshwand without a fin, the double-layer
structure of the therahboundary layer appeans all cases in the quasi-steady stage. In
particular, the presence of the large tlim may cause the separation and vortex
shedding of the therah flow around the fn, which trigger tke ingability of the
downstream therah boundary layer.

The nunerical simulations of transiennatua convectiom with a fn on the
sidewall of the cavity are coisgent with the above-emtioned experirental results. e
nunerical results confirm that the transtestrong convection flow such as the Veer
intrusion front and the oscillations ofethihernal flow around the fin ray enhance the
heat transfer through the sidewalurthernore, the nurerical resilis demonstrate that
the enlancenent of the heat trafer is dpendent on the paragtersof the fin, such as
the dimension and position of the fin and the roen of fins, with a raximum
enhancerant of 33% observed in the presentwations.

In sumnary, both numerical and expemntal results she that the fin may
significantly change the transient natural castia flows and irprove the heat transfer
through the cavity if properlyonfigured. This research has great potential for industrial

appliatiors in which theenhancemntof heat transfer is desirable.
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1 Introduction

1.1 Problem description

In warm summers, strong radiation from g heats the surface of a bitumen road so
that the surface temperature is much higher thanof the air above. If we gaze at the
far end of the road, it is often possible t@ skark pixilated strips. This is actually a
result of heated air moving away from the heated surface, and is an example of natural
convection. Natural convection is defined as a flow driven bynsitedifference (or
buoyancy), in contrast to other forced flowhere a pressure difference or other body
forces drive the flow. Such a density difference may result from a temperature
difference, a concentration difference of cleahspecies in fluid or multiple phases of
fluid.

Natural convection is present everywharenature. Present knowledge indicates
that a large temperature difference betweenpiblar and equatorial oceans may drive a
global ocean circulation. Similarly, a density difference between the fresh and oceanic
waters at an estuary, due to a salinity difference of water, may also result in a large-
scale natural convection mixing. In facsuch thermohaline flows exist almost
everywhere in the oceans.

Although temperature, conceation or phase can all cauaalensity variation of
fluid and in turn drive natural convectioa,temperature difference is apparently the
most common factor. In particular forettiluid adjacent to a thermal boundary, which
has a temperature differendeom the ambient fluid, rtaral convection is easily
induced. For instance, in contrast to the above-mentioned heated road surface, an icy
stone cooled for a whole night may aldove the ambient air downwards along its
surface. Likewise, naturatonvection often occurs @und an iceberg, due to a
temperature difference between the ice suréakthe ambient oceanic water. For cases
in which the external flow in an open environment is concerned, instead of natural
convection the synonymous term, ‘free convetiis often employed in some studies.

Natural convection adjacent to a th