
Nagoya Institute of  Technology

Spectra of turbulent flow in cumulus cloud

APS DFD Meeting
Denver  Nov. 21, 2017 

Kakenhi 15H02218   
HPCI(Riken: hp160085, hp170189）
JHPCN( jh160012, jh170013)
HPC（NUCC  ITC 2017）

Nagoya Institute of Technology
T. Gotoh, I.Saito, T. Watanabe 

Trade wind cumulus
https://www.atmos.illinois.edu/~rauber/researchNov2005.htm
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To seamlessly simulate continuous growth of droplets
(from μm to hundreds μm radius) from the first principle

Goal

• role of individual processes in the whole system
• interaction between turbulence and droplets
• validation for cloud parameterizations in terms of the first principles
• better cloud parameterizations

To understand the physics of cloud turbulence for more accurate prediction 
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Boussinesq approximationTurbulence

NS eq. + Buoyancy + modified gravity force

Temperature eq. + heat exchange due to condensation  + adiab. Cooling

Water vapor mixing ratio + condensation 

Droplets 

Lagrangian dynamics 

Re dependent drag force  + growth by cond. + collision-coalescence

Equations 
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Evolution of Mass Probability Density Function

 = 400 [cm3 s-3]

 = 30 [cm3 s-3]

Run 4  
R=167, =400[cm3 s-3]
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Run 4  
R=167, =400[cm3 s-3]

t=10, 120,240,360,480,600 [s]
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LWC power spectrum measured at Mountain top
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Boussinesq approximationTurbulence

condensation, evaporation
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Two point correlation function of particle number density 

Spectrum 
Landau Lifshitz
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x

PIC Method
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Equation of Eq(k,t)
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Inertial range

Diffusive range
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• Condensation and collision/coalescence growth of cloud droplets 
from 〜10μm to 〜100μm was seamlessly simulated by cloud simulator.

• Spectra of turbulence are modified by the cloud droplets through 
the liquid water mass loading and the condensation-evaporation process

• Modification of scalar spectra extends over all wavenumbers. 

• Spectra related to the cloud droplets consists of two contributions
correlated part and uncorrelated part (discreteness of droplets) 

Summary


