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A comparison of zonal wind velocity profiles from Pioneer
Venus and Venera probes.
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“Moving flame” A =X L (EARNZE
E%) Schubert and Whitehead(1969)

* Balance of momentum
ouw  ou'w' U
A__aw, vg;
* Results of laboratory experiments:
fast zonal flow can appear by this mechanism
( 4-times super-rotation appears for mercury)
This mechanism contains some problems:
The layer is heated from above in the cloud.
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Thompson AH=X Ls(2)

HIEETHE DFER:
stability/instability diagram

K= .
1 0.1 0.01 0001 E:coefficient of
e 1.0 g . "
) \ >
1 . decay r>> 1 viscosity
i “---00.22 -01  —008 K: coefficient of
WE 40030 . heat conduction
‘k\ b&.it{
—0.006 /7 +0.030 +0.028 +0.035
00]1- e ° . °
grow .
Pr=1

P.
0.001 - sl



Thompson * =X L TDE & &

e decayD/\TA—A5EIE TIL R xFRAL71E0
o growD/\NTA—R M TII R X IR 57 [FEX
KDFDEEEIZOMBLIEKXR
o EHFRDFE (e xR EILNEEGIZHEL
M) IFRELEL, 2 FIHIFKHICKYRED
o K& (BE) DPKYEIWNTULNSIES
> “moving flame” A =X LEEGHEKR ? (FFE
MDARITRESD)




Thompson A=

ALDEKE LEDF

IR &Y

* Reexamination by 3-dimensional model on the
sphere: Takagi and Matsuda(1999,2000)

Instability does not take place in the parameter
range where it does in the 2-dimensional
model on the equator.

- This mechanism cannot work in the real

3-dimensional atmosphere of Venus.



L

ﬁ El\IEIEﬁ-I—-J'/JIL.' FAHRX—/ \—|:|—T_
AV DERAN=ZXL OFEED

éifliﬁiﬁfﬁﬁJ"Tuu.#ﬁib'(b‘é&%i%#’btd)l HLEhhhindg | R—/N\—
0— —zazb\%ﬁéhtoé*ﬂ AIEZANREL TEND O REBEZESIZES
tL\’)TJﬁnh\&éhto

FDRRNY 2—/\—FORT A bAYRIZE > TIRIBS ML fzmoving flame (Ei<
%) AN=Z LT#HB (1969%F) JKBERI-HLN T, BENbH THIT ZA
[GICHEBTHEKXRIZKY., MABETMOMET S, BMEEIZKYUBN EAIC
EZHLTITH, MBENBH LTSN T, FEBENROHIZMES, *T,ma)t)b
HiE<, -_0)""'},;|1,‘l2)l/75\7§)§|aaﬁ""1u||,( *Héj—%:&)o)tb\ CDEENERHET, &
75) EFANBESNR—/\—O—T—2a [T d 5 *%&u’ﬁ*bh\f%é
Bl iA@Eﬂgwxﬁ{t@j{%éwljuuh’é %%ﬁél HWTEHLT-,
ﬁs o TIDNERDENENELTEH B TULVELR RV (BRE R RIZ

h‘ﬁ%ﬂ’]l AREFRBCLTES. —BURNAN T2 EIEEMERRIZL
7":( 19704),

S, BRI RMNOR—/N\—O—FT—L 3 FEELEZ5E0VOHATH
ﬂ?\ RIILTWNAESIZREZ AN, ChdEFRELDEF- fﬁlElifﬁﬁo)ka
2BV TDHRARSNERETH D, 2T SAEHRAIXIND LD AN=
MIRITTDIKE L TEOIFELFKNEOIMART=, TDHREE. T LH 5, Bk
TlIEIGENEIRSINT=(19994F, 20005F),

PR
?Hﬂilﬂl

)|_

s
i
r%

Ml
m*

= DR [a)
I-rI>E1°



(2) BREIRDEF=EEHNIEIC

KBDFAN=X L
- KIEHMEIZEYFIEREINZKES RE

(BRERMERZT)EEINnsafENKEEL
TIRZ %, 2 HELTIRZA S E. SR BEIEIEH R
RBIZTED,

Y EDESR : KIGIEMEAIZKYpEINS
Kr%@l‘oh’ciﬁfot;’mk%ﬂm:%ot o il
5 J1iR)

hmli




(DS JBAIC KDY KRDRE

D/KFEE (L) - 18EIEF B8 F

(a) e=60°

Latitude (degrees)

(c) e=45"

Latitude (degrees)

a0 -

Diurnal

(higher)

0 6 12 18
Local time (hour)

(lower)

40 [ um—
20 -

on

-20 ;

1 - 1

0 6 12 18
Local time (hour)

_—— o
-4 0 4
Temperature (K)

24

Semidiurnal
(b) e= 60 (higher)
@ -
() -
[} 1 -y
= E B
) 1 i
° i ¢
% 20 -
o | ' 4
o o 4 1
0 6 12 18 24
Local time (hour)

(d) e=45" (Iower)
7 ]
8 1
oo 4
o) :
=
w i -
° -
3 ; -
=1 |
3 ) : |

6 12 18 24
Local time (hour)
- oo

-4 0 a4

Temperature (K)

5



[N DEIZXLDHER
DKFE+E

(a)

Latitude (degrees)

=

#5 RDim
(F8LL)

= 18

>Z

Residual (K)

(b) 2016.10.02-2017.05.26

(c) 2017.05.27 - 2018.01.31

T -] B ]
40| 4 | 08 .
200 ¢ e n 08 - .
o ; 1 ofee ¢ : !
20 « - 20" P - § B
A0 L A A 40 [ < S
[ - ] = 2 A
0 6 12 18 24 0O 6 12 18 24

Local time (hour)

Local time (hour)

-4 0 4

Residual (K)

F ™ T A T ' | T T
a0 [IEEEE E ] a0
: : E E i ]
§ 20 N 2 B B
T ollrmr ', : ; ke 1 ol
(] HS o : : i
el 8 : 4 ; d i
2 8 4 Lo 1 i i ; g
o— 3 3 K 1 : {a]
O = | o
40 - . < - . ] 40
0 6 12 18 24 221 222

Brightness temperature (K)

(d) 2018.02.03-2018.10.02

RS

18

s =
Local time (hour)



2 IRICEDAN=K Ls

e Basicidea of Fels and Lindzen

.interaction between wave and mean-zonal flow
(basic concept developed in the dynamic meteorology)
v
Zonal momentum (U) is associated with vertically
propagating wave
U oc c. (phase velocity)
Uryu'srelation: [J=F /¢, (E :wave energy)
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Basic idea of Fels and Lindzen(2)

3.76m/s
P S
Acceleration of
Cx P R
2 zonal mean flow
Cloud layer o .L :: Acceleration of
% counter flow
Cirnds Acceleration of

zonal mean flow

* difficulty of this mechanism: formation of
critical level ( at which U=c,=3.76m/s)



SRR (EE)EE?

« —FRIGLEAA. U=U(z) TOEHEDO
d*w ( N?
+

- z—kz)W=O
dz (U(z)-c)

ZZT. wi(x,z,t)=W(2)exp(ik(x - ct))
U(z)=c EED L ITABRADEERER
IR EEEND. 2 COLTTWOXRES

[ERELEND,




AR EEMETORDOIRDFHEL

« WKBIT{El: W o« exp(imz)

, N’ _k(z-z,)

X C
(Z _ Zc)2 82 N

i

m

e fe—z.

- R DIRNE




|
I~l

Fa St = E (z: U(2)=c,) D Z Rk

B R

MDEFHZEIE

v a final equilibrium state
f: ,_\‘l \‘ (
- -’:';I—’!_-‘-




Propagation of thermal tides in the realistic
atmosphere: Takagi and Matsuda(2006)
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Propagation of thermal tides to the ground
Results of Takagi and Matsuda(2006)
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Figure 1. Vertical distributions of temperature deviations
and their phase associated with (a and ¢) diumal and (b and
d) semidiurnal tides at the subsolar point multiplied by
square root of the basic state density (7" x /p), which are
calculated for the heating profiles (a) and (b) and without
ground heating. The two distributions are overlapped almost
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Figure 10. Schematic illustration of acceleration mecha-
nism of mean zonal flow by the thermal tides (a) in the work
of Fels and Lindzen [1974] and (b) in the present model.
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Parameter dependency of super-rotation
generated in Takagi and Matsuda(2007)
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solid line: small Newt. cooling

dashed line: standard
dotted line: large Newt cooling

Meridional circulation is not
involved in T and M(2007).
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