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by buovancy effects.

Free convection 15 sometimes defined as 2 convective process m whach flnd motion 15 caused
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Heated boundary
layer

Velocity Profiles
Compare the velocity profiles for forced and natural convection shown belowr:

Free Convection

Forced Convection

Coefficient of Volumetric Expansion
The thermodynamic property which desenibes the change m density leading to buovancy m
the Coefficient of Volumetne Expansion, .

17
F ET Fullons

Evaluation of B
* ligmds and Solids: © 15 a thermodyname property and should be found from
Property Tables. Values of § are found for a number of engineenng flnds i Tables
given m Handbooks and Text Books.
Ideal GGazes: We may develop a general expression for B for an 1deal gas from the
Page 4 of 8
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P=pRT
Then,
p=PRT

Differentiating while helding P constaot

el F p-RT g
dfn,.., &I RITT
Substitute mee the definition of B
i L Ideal Gas
"L

Grashof Number

Becanzs T, is always zem, the Feymolds mmber, [T, is alse zaro and is oo longer
suttable to describe the flow in the svstem. Instead we infroduce a oew paramseter for natural
convecton, the Grazhof Wamber. Here we will be most concemed with flow across a verdcal
surface oo that we uss the vertical distance z or L, as the characteristc length

g-f-AT- L'

ar= :
¥

Tust az we have looked at the Feynolds mmsher for a physical meaning, we may considsr the
Grazhof mmmber:

g-g-B-AT-L' { E‘u-c{pmrfﬂm‘l _|' Mmmﬂm‘-l
GrE'p:'r'-E'ﬂ"T'L‘_I: r el =) 7 e VT dres
e ey [ £y {ﬁmml—'&rw‘l‘
S L drem

Free Convection Heat Transfer Correlations

The standard form for free, or namual, coovection comelations will appear muach like those for
forced comvection except that (1) the Feynolds mamber is replaced with a Grashef momber
and 1) meaqanmnnmmdﬂmmbsrﬁmre:ﬂih'ﬂ {3 (Tha von Eamman houndary layer
aoabysiz from which we developed the 1/3 exponeni was for forced comvection Sows):

N, = C-Gr."Pr" Local Correlation

My, = C-Gp P Average Cormrelxtion
Cuite ofien experimentalizts find that the exponent on the Grashof and Prapdil mumbers are
equal so that the peneral comrelations may be wTitten in the fom:
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W, = C-[Gr-Pr]" Local Comelation
My, = C[Grn -Pr]™ Average Camrelation
Thiz leads to the introduction of the new, dimenzioniess paramater, the Rayleizh mumber, Fa:

Fa, =G Fr
Fa =G -Pr
So that the peneral correlation for free comvection becomes:
M, = C-Ra,” Local Comelation
Nu, =CFa™ Average Comelation
Laminar to Turbalent Tran=tion

Just as for forced convection. a boundary Layer will form for free convection. The boundary
layer, which acts as a thermal resistance, 'I'l-“J..bEl‘l‘_&t'.":'E."_F'ﬂ'.'l.l.l:l toward the Ea:tmvedgeufﬂ:e
surface resulting in a relatively high coovection coefficient. At a Ravleizh mumber of abomut
1F the flow over a fiat plare will become transitiomnal and finally becoms tarbulent The
increased furbulence inside the boundary layer will enhance heat tansfer leading fo relative
bigh coovection coefficients becanse of better mixing.

Turbal eni
Flw

Lamainar Flow

Ba <10 Laminar flow. [Vertical Fiat Piate]

Ra=10° Turbulent flow. [Vertical Flat Flate]
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Ceperally the characteristic length used m the comelation relates to the distance ewer which
the bonmdary Layer is allowed to grow. Io the case of a vertical flat plate fhis will be xar L,
in the case of a vertical cylinder this will also be % or L; m the case of a hanzootal cylinder,
the length will be d.

Critical Rayleigh Number

Consider the flow between tfwo surfaces, each af different temperatures. Under developed
fiow condstions. the inferstitial flusd will reach a temperafure between the temperanumres of the
two surfaces and will develop fre= convection Elﬂwpmms. The flusd wall be heated by one
surface, resulting in an upward booyant flow, and will be cooled by the other, resulting in a
doanward flow.

Note that for enclosmres if is

customary to develop

correlations which describe the

overall (both heated and cooled

o surfaces) within a sigle
i 'g"*'ﬂ*h correlation.

* L
Free Convection Inside an Enclosure
(bonndary laver Emif)

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

aiﬂaﬂ*m&&q
ey

.

Free Convection Inside an

Free Convection Inside an Enclosure With Complete Flow
Enclomure With Partial Flow Interference (Channel flow

Interference Timit)
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In the case of complete flow ioferference, the upward and downward forces will cancel
canceling circulstton forces. This caze wouold be teated as a pure convection problem since
oo ulk ransport acoars.

The mansition in enclosures from convecton heat transfer to conduction heat fransfer ocoars
at what is fermed the "Critical Eayleigh Number™. Node that this terminelogy is o clear
concrast i forced convection where the critical Eeynolds mumber refers to the ransition from
laminar to tarbulent fow.

Ra.,= 1040 (Enclosares With Herizontal Heat Flow)
Ba.,= 1728 (Enclosures With Vertical Heat Flow}

The existence of a Criical Rayleish number suzgests that there are now three flow regmmes:
(1) Wo flow, (1) Lamimar Flow and (3} Turbulent Flow. In all enclosore problems the
Rayvleigh mumber will be calculated to determine the proper Sow regime before a correlation
15 chosen.
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