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Introduction

Plume convection
Morton et al. [1956]
Baines and Turner [1969]

Wall convection
Worster and Leitch [1985]
Cooper and Hunt [2010]

How the laminar/turbulent character of the plume influences
the overall dynamics ?
To what extent is Morton et al. [1956] theory valid for “wall
plume” in closed cavity ?
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Experimental setup
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Principles of Temperature - Laser Induced Fluorescence

Based on a dye
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From laser to pixel...
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T-LIF calibration

Equation on a spectral band i

If,i = I0Kopt,iKspec,i (λ0)CVce−Cε(λ0)beKi (Ce)e
Ai (Ce)

T2 + Bi (Ce)
T

Parameters are constant with time, not with space

Normalization

In(x , y) = If,i (x , y)− Ihi(x , y)
Ilo(x , y)− Ihi(x , y)

Isolate T
Cancel space variation
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Experiment overview (1/2)
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Experiment overview (2/2)
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Richardson Number

Ri =
− g
ρ(x ,z)
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Flow patterns

Fields averaged over 200 s Worster and Leitch [1985]
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Model principles

Hypotheses Morton et al. [1956]

Similarity of uz and T ∀z

Rate of entrainment ∝ w

Boussinesq approximation

z

z + dz

b(z)w(z)

b(z + dz)w(z + dz)

αw(z)dz

Plume Ambient

φ

Equations [Cooper and Hunt, 2010]

Plume volume conserv. dQ
dz = α

M
Q

Plume momentum conserv. dM
dz = QF

M

Plume density deficiency conserv. dF
dz = Q ∂∆e

∂z + φ

Buoyancy field development ∂∆e
∂t = −QL

A
∂∆e
∂z + κ

∂2∆e
∂z2

Q = bw
M = bw2

F = bw∆

∆e = g ρe−ρ1
ρ1

φ to define
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Temperature condition & Non-dimensionalization

Imposing temperature instead of buoyancy flux

φ = gβ
ρ1Cp

hw (Tw−Te)︸ ︷︷ ︸
heat flux

= vw (∆e + ∆w ) ∆w = gβ(Tw − T1)

Non-dimensionalization
dq
dζ = α

m
q (α = 0.024)

dm
dζ = qf

m
df
dζ = q ∂δe

∂ζ
+ δe + Raw Pr

Nuw
2

∂δe

∂τ
= q ∂δe

∂ζ
+ 1

Nuw

A
HL

∂2δe

∂ζ2

Raw =
gβ(Tw − T1)H3

νκ

Pr =
ν

κ

Nuw =
hw H

k

α and hw evaluated empirically
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Comparison between model and experiments
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A closer look to α
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Model with variable α (1/2)

Ambient : α = 0.024 α = 0.25t−0.35

Temp. isolines :
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Model with variable α (2/2)

Plume : α = 0.024 α = 0.25t−0.35

Volume flux :
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Conclusions

A powerful method for convection :
Extensive measures in the whole field
Non-intrusive with great precision (< 0.2◦C)

Detailed observations :
Better comprehension of the entire flow
Interactions plume/stratification

On Morton et al. [1956] theory :
Good agreement for “wall plume”
Advantages of variable α
Significance of wall shear stress parameter (not shown here)
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