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Motivation

O Entrainment-mixing processes affect
(1) warm-rain initiation
(2) aerosol indirect effect
(3) cloud-climate feedback
(4) radar retrieval of liquid water content

 The effects of entrainment-mixing processes are influenced by
different entrainment-mixing mechanisms (homogeneous or
inhomogeneous).

(J How to parameterize these different mechanisms?
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This definition, ¥ ,, turns out to be related to a:
vy =1-a

where a was defined by Morrison and Grabowski (2008):

Jd ., N, q: number concentration and liquid water mixing ratio
N =N 0 (—) after entrainment and mixing, respectively.
d, Ny, do: Nnumber concentration and liquid water mixing ratio

after entrainment but before mixing, respectively.
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Two Transition Scale Numbers (1)

A larger scale number (N, ) means a higher probability
of homogeneous mixing (Lu et al., 2011).

1/2__3/2

E T T
N = react ¢: Dissipation rate
L

n n: Kolmogorov scale

T,.act 1S defined as either the time when droplets

completely evaporate or the time at which relative
humidity reaches 99.5% (Lehmann et al., 2009).
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Two Transition Scale Numbers (2)

T,eact IS the time when r <0 or s > -0.005.

dr _ A S | r: droplet radius;
( dt — F s: supersaturation;
A: a function of pressure and temperature;
< :
ds B: a function of pressure, temperature and
L E =—Brs droplet number concentration (N, or N,).
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Explicit Mixing Parcel Model (EMPM)
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Domain size:
20 mX 0.001 m X 0.001 m:

Adiabatic Number Concentration:
102.7, 205.4, 308.1, 410.8, 513.5 cm3;
Relative humidity:
1%, 22%, 44%, 66%, 88%:;
Dissipation rate:
1e-5, 5e-4, 1e-3, 5e-3, 1e-2, 5e-2 m?2s-3;
Dry air ratio:

0.2,0.3,0.4, 0.5, 0.6, 0.7, 0.8, 0.9.
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Summary

* Three homogeneous mixing fractions and two
transition scale numbers are found positively
related with the EMPM model results;

= |t is suggested to use the transition scale
number considering dry air ratio;

= This scale number could relate microphysical
effect of entrainment mixing to estimation of
entrainment rate with a new approach (Lu et al.,
2012).
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A New Approach for Estimating Entrainment

Rate in Cumulus Clouds

Breakout Session----Entrainment
Breakout Room 2 — Regency F
7:30 p.m.-9:00 p.m.
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The Reason Why N, , Is Better (1)
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Mixing changes from homogeneous to inhomogeneous mixing

when dry air ratio increases.
i

NATIONAL LABORATORY

Brookhaven Science Associates



The Reason Why N, , Is Better (2)

RH=66%,Na=2oa4cm4
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Definition of Transition Scale Number
(Np)

r,,=10um, N=300cm™, £=27cm’s™", RH=60%, T=274K | Lehmann et al. (2009) defined

2

10 - - - transition length (L*) by setting
Lehmann et al. (2009) Da =1.

Da = z-mix / z-re:act =1
. | Homogeneous 5

L . <N 1/3
Inhomogeneous Tix ™ (L /g)
10k 5 | =) | * 51/2 3/2

’7 i L o react

Damkoehler Number

|
N

We define transition scale

-t
o

-2 -1 2

10 “Eddy s1|°ze L (m) | number (N,) as (Lu et al., 2011):
\ | * 51/2 z_3/2t
A larger value of /V; indicates a higher L n N n
probability of homogeneous mixing.
n: Kolmogorov scale




Sensitivity Test on Relative Humidity
(RH)
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Sensitivity Test on Adiabatic Number
Concentration (N,)

f=0.4, RH = 66%
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Sensitivity Test on Dry Air Ratio (f)

Homogeneous Mixing Fraction, v, y,, or y, (%)

RH = 66%, N_ = 102.7 cm™
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