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Main objective 1. Experimental set-up & scaling analysis 

4.1 Regime diagram 

2. Weak, distorted and strong plumes 

4.2 Transition between regimes 

3. Wind effect at constant Ri0 

5. Entrainment due to wind 

Conclusions 
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To understanding the impact of wind on the plume 
using dedicated laboratory experiments: 
 What are the dynamical regimes of a plume 
interacting with wind? 
 What are the mechanisms controlling the 
transition between these regimes? 
 How can we quantify the effect of wind on the 
plume dynamics?  
 

Entrainment velocity [H71]: 
 
                  
                      α: air entrainment coefficient 
                      β: entrainment coefficient due to wind 
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Increasing Ri0 

   
  S

TR
O

N
G

   
   

D
IS

TO
R

TE
D

   
   

  W
EA

K
 

                            20                                 29                                 26                                25  

                            13                                 19                                  8                                15  

                             6                                 12                                   3                                31  

                                              25                                                 28                                                  24 

Increasing U* 

          STRONG                DISTORTED                  WEAK 

 The experimental set-up is able to account for a large range of plumes of the 
environment (including volcanic plumes [G14]). 
 A total of 32 experiments have been conducted with various conditions. 
 Three regimes are identified: weak, distorted and strong plumes. 
 The transition from one regime to another is characterized by a stability number. 
 A low entrainment due to wind of ca. 0.05 ± 0.01 is necessary to explain all data. 
 This study opens perspectives in the understanding of the effect of wind on weak to 
strong volcanic plumes. 

For Γ > 2000 STRONG PLUME 
 
For 50 < Γ < 2000 DISTORTED PLUME 
 
For Γ < 50 WEAK PLUME 

Air entrainment coefficient: 
variable α [KTC05] 
 
 
with A and C dimensionless 
parameters constrained 
experimentally. 
 
Entrainment coefficient due 
to wind: 
            β = 0.05 ± 0.01 

Freshwater is injected downwards at a fixed 
rate into a tank containing an aqueous NaCl 
solution with a linear density stratification. The 
source is towed at a constant speed through 
the stationary fluid. 
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The tendency of a plume to behave as a strong, distorted or weak 
plume is controlled by a stability number: 

W: wind speed 
U0: exit velocity 
R0: vent radius 
g’0: source reduced gravity 
Ri0: source Richardson number 
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