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Non-rotating updrafts tend to entrain the surrounding air and lose vertical momentum. 

 

Rotating updrafts (vortices) lose very little vertical momentum, and hence are much more 

efficient in terms of convection.  
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Note: Humidification strongly increases the updraft column buoyancy.  



 



 



At a nominal vertical velocity of, say, 20m/s, the time to rise 10km is around 8 minutes. 

Note that most of the radiation occurs at the top of the troposphere, where residence time is measured in hours. 

This allows the heat energy to be effectively dumped to Space:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

q  =  ε σ (T
h

4
 - T

c

4
) A

c
         

where 

q  =  heat transfer per unit time (W) 

ε = emissivity 

σ  = Stephan-Boltzmann constant 

Th  =  hot body absolute temperature (K) 

Tc  =  cold surroundings absolute temperature (K) 

Ac  =  area of the object (m
2
) 

The emissivity of H2O and CO2 are both high, whereas the emissivity of O2 and N2 

which together make up the majority of gas in the atmosphere, and hence in the 

updraft stream, are both very low. Hence an updraft within a vortex can approximate 

to an adiabatic process. 

If the vertical velocity of the updraft is relatively low, water vapour may condense and freeze 

in the form of mid-level clouds. 

For an updraft with T between sea level and tropopause of 100C, and 1% water content, 

around 20% of the available change in enthalpy comes from water, 80% from the air.  


