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[Sekiguchi and Nakajima,
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IR DN R [Forget et al.,
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Ls=90°

At pressure po = 700 Pa and for a mean Mars-
Sun distance ro = 1.52 AU, the heating rate (per martian
day) corresponding to a zero solar zenith angle ( = 0)
is taken to be 9T /dt(po,70,0) = 1.1956 K day ' The
heating rate at other pressures p, Mars-Sun distance r,
and zenithal angle p 1s then computed as follows:

or _or r§ [po - Pry—b ,

with p; = 0.0015889 Pa, b = 1.9628 and p the co-
sine of the solar zenith angle corrected for atmospheric
refraction (we use i = [(1224p° + 1)/1225)]'/2).

Ls=270° [Forget et al., 2003]
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Rapid isotopic Homogenization case (RH):
Appropriate for liquid clouds
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Nitta (2013)

Cloud simulations

Step 1: Implementation of condensation/sublimation

* |n the next step, the condensation/sublimation process of
sulfuric acid cloud are considered using the formula of
Kulmala and Laaksonen (1990).

 If the amount of H,S0, is beyond the saturated level, the
oversaturated H,SO, immediately becomes the clouds.

e Supersaturation is not considered.

H,SO, vapor (X101t in volume)

GE:ChidIEE=Em) Supersaturation rate Saturation vapor pressure of H,SO,

100 (Kulmala and Laaksonen, 1990)
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Nitta (2013)

Cloud simulations

Step 1: Implementation of condensation/sublimation

Mode 1 Mode 2 e Generated clouds are

100 100
distributed to each mode
80 1 .
E T to keep the ratios at each
=, 60 1 5 .
0 0 height.
© Lo
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Nitta (2013)

Cloud simulations

Step 1: Implementation of condensation/sublimation
Mode 1 Mode 2

100

* Now the simulation achieves
the equilibrium of cloud
distributions.
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Cloud simulations
Step 2: Implementation of variable cloud radius

 The number density of clouds at each grid/layer is fixed to the
sum of all modes by Haus and Arnold (2010).

 From that and cloud mixing ratio (the sum is treated as one
tracer), the average cloud radius at each grid/layer is estimated.

 The cloud sedimentation is treated with the average cloud

radius.
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Cloud simulations

Step 2: Implementation of variable cloud radius
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The results quickly go to the
equilibrium state.
(T—T‘“LT%'F'F li1EE&’) JEIHEE
E’Jf& Jll. \ﬁ( J:[')
But, to reproduce the cloud
distributions more
realistically, the effect of
supersaturation should be
potentially important.

After 1 Venusian day (top)
and 3 Venusian days (bottom)
from the initial state
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Cloud simulations
Step 3: Implementation of cloud microphysics

 The change rate of cloud radius is calculated from the cloud
microphysics, based on the ideas of Toon and Kiang (1977)
and Imamura and Hashimoto (2001).

Changerateof dr v  4mrDN, VDN,
particle radius gt Aamr2 x 14+ AK, rx (1 + }LKH)

~ vD p, — psat

Ta(l+K) N
N yd

V: Average volume of one molecule in the cloud
D: Diffusive coefficient
0 N.: Number density of H,SO, in the atmosphere
P.: Partial pressure of H,SO,
Pt H,SO, saturation pressure on the curved surface
X: Ratio of H,SO, molecule in the cloud
MR - p k: Boltzmann coefficient
L OiEE 5> 73 : na T: Temperature
K,: Knudsen number
A: Offset of Knudsen number
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Cloud simulations

Step 3: Implementation of cloud microphysics
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Kato (2014)

from Step 2, the clouds in
polar regions tend to be
thicker to lower altitude
with larger radius than at
the equator.

But the clouds reach to
surface without
evaporating, which looks
unrealistic.

After 1 Venusian day (top)
and 3 Venusian days (bottom)
from the initial state
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Cloud simulations

Step 3: Implementation of cloud microphysics
Why the results...?

* In the current setting the particle size is defined to each
grid, not to the clouds themselves.

When the particle size of Grid A becomes
larger, only the cloud mass goes down to
Grid B by gravitational sedimentation,
without changing the cloud sizes in both
grids.

— Troubles of unreality can be occurred.

 To improve that, the information of particle sizes should be
moved together with the advection/sedimentation of cloud
mass. -» Step 4 (under consideration)
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Cloud simulations

(+ Chemistry) HERSMEA T
HEMLEDITIEE
F it =X [Krasnopolsky, 2013, 2014] @;ﬁ;ﬁ
SO, +0 + M = S0, + M, k=5 X 1022240077 (1) }

0 1 2 3 4 5 6 7 8 ]

SO, + H,0 + H,0 = H,50, + H,0, k,=2.3 X 1043Tef54/T (2)
H,SO, + H,0 = SO, + H,0 + H,0, ky=7 X 10"1e5170T  (3)
SO, + CO - SO, + CO,, k,=10-11g-13000/T (4) (fEEMIZCO, &L T2)

=SEA47-77kmlZ(1), ()& HIFRE M 547km(Z(2) . (3). (M) ZEEA

(1)-(AHKZ(B)DFIRL, HEEEZIADIREAEXTEERESL
[SEHL ., FT VIR THEZITO:

ki: ISR E (cm3 52, cmP s°?)
[M] : 8% & (cm3)

10/23/14 31

[503] =k [502] [0] [M] (5)

d
dt
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Cloud simulations
(+ Chemistry)
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Cloud simulations . o
(+ Chemlstry) "f‘ %5_ =
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CIOUd S|mU|at|OnS Itoh et al. (2014)

(+ Chemistry) fask (FEDH)

It BREZEALETILIZET,
ERED L (EE$67-80km) TSO,DEEAB LIUVHEEATED
H R ZEBDTE (EERIS0kmAT L) THDSO,MD A& B K UFRER

ER[EDHEEWLOFER > Imamura and Hashimoto [1998] 1))
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