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Free convechon 15 somehmes defined as a convective process m which flud mohon 15 caused

by buovancy effects.
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Heated boundary
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Velocity Profiles
Compare the velocity profiles for forced and naturzl convection shown below:

Free Convection

Forced Convection

Coefficient of Veolumetric Expansion
The thermodynamic property which desenbes the change m density leading to buovancy m
the Coefficient of Volumeitnc Expansion, .

1 dp
ot
F I:::'T.'"-!"mu

B 15 a thermodynamic property and should be found from

Evaluation of B
Liguids and Solids:

Property Tables. Values of § are found for a number of enginesting flinds 1o Tables
grven m Handbooks and Text Books.

Ideal Gases: We may develop a generzl expression for  for an 1deal zas from the
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P=p&T
Then,
p=PR-T

Differentiating while holding P constant

el F p-RT g
4T, ..~ BT RT*T T
Substinute mte the definition of B
i it Ideal Gas
R

Grashof Namber

Becausa U is always zero, the Eeynelds mumber, [o-U.-D . is also 2er0 and (= oo longer
suitable to describe the flow in the system. Instzad we inmoduce a new parameter for natural
convection., the Grashof Wumber, Here we will be most concerned with Sow across a vertical
surface, o that we use the vertical distance, z or L, as the characteristc leneth

_E-f-AT-I'
e

Tust az we have looked af the Feynolds mumber for a physical meanins, we mav consider the

Grashof numbser:
g-g-B-AT-I " { Euq;m?}'m"l 1 ;L!'ﬂmmﬂm‘l
otgbart g IV U g N arem )
= 'R 23 0w { F&.s-;m!—'m'l‘
ER . Arem

Free Convection Heat Transfer Correlations

The sfandard form for fee, or natural, coovection cerrelations will appear mouch like thosa for
forced comvection except that (1) the Feynolds mamber is replaced with a Grashof oomber
and {2} the exponent on Prandt] nomber &5 not zepetally 13 (The von Earmen boundary laver
anabysiz from which we developed the 173 exponent was for forced comvection fows):

Mo, = C-Gr,"-Pr" Local Cormrelation

My, = GG "-Pr’ Average Correlation
uite ofien experimentalists find that the exponent on the Grazhef and Prandil mimmbars are
equal sothat the general comelations may be written m the fomm:
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N, = C-[Gr.-Pr]™ Local Carrelation
Ny, = GG -Br]™ Average Comelation
This leads to the intreducton of the new, dimensionlsss paramester, the Rayleizh mumber, Fa:

Fa, =GrPr
Fa, =Gn-Pr
So that the peneral comrelation for free convection becomes:
Mu,=CRa,” Local Comelation
Nu, =C-Ra"™ Average Comelation
Laminar to Turbalent Tranaton

Fust as for forced convection, a boumdary Layver will form for free convection. The boundary
layer, which acts as a thermal resistance, will be relatively thin toward the keading edgs of the
surface resuiting in a relagvely hiph coovection coefficient. At a Rayleiph mumber of about
107 the flow over a flat plate will become transitional and finally becoms murbulent. The
mcreaxsed nrbulence inside the boundary layer will enhance heat transfer leading to relatve
high comvection coefficients becanse of befter mixing.

Turbauleni
Fliw

Laminar Flow

Ba <10 Laminar flow. [Vertical Fiat Plate]

Ra=10° Turbulent flow. [Vertical Flat Flate]
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Cenerally the characteristic length used m the comelation relates to the distance ower which
the boumdary layer is allowed to grow. Io the case of a vertical flat plate thiswillbe x ar L,
in the case of a vertical cylinder this will also be % or L. m the case of a harizontal cylinder,
the lenpth will be 4.

Critical Rayleigh Number

Consider the Sow between fwo surfaces, sach at different temperatures. Under developed
fiow conditsons, the interstitial flusd will reach a temperature between the femperatares of the
two surfaces and will develop free convection flow patterns. The flusd wall be heated by one
surface, resulfing in an upward booyant flow, and will be cooled by the ether, resulting in a

AN FTIOLS

downward flow.

Note that for enclosores if is
Customary fo develop
correlations which describe the
overall (both heated and cooled

= surfaces) within @ a smgle

 aa correlation.

|

If the surfaces are placed closer together, the flow patterns will begin to interfere:

> ~ BTN~ T = S
5 o = o

Free Convection Inside an

Free Convection Inside an Enclosre With Complete Flow
Enclosare With Fartial Flow Interferemce (Channel flow

Interference Timit)
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In the case of complete flow inferference the upward and dowmward forces will cancel
canceling circolation forces. This case would be eated as a pure convection problem since
oo bulk transport ocours.

The mansition in enclosures from convecizon heat ransfer to condwctbon heat tramsfer oooors
at what is termed the “Critical Rayleigh Number™. Note that this terminelogy is io clear
contrast o forced coovection where the critical Eevnolds number refers o the mansiton from
lanminar to tarbulent Sow.
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