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eon e Planets, planets everywhere.....and they're all different!
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s Observational Constraints: Hot Jupiters Y

Global Circulation Models

GCM: Unified Model (UM)
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LoDAdl LiIrcuitation modadeuts

GCM: Unified Model (UM)
S L

Components: R
+ Ocean ¥ ' b 3
- Land
- Sea Ice

- Dynamical core (momenta, continuity, EOS, thermodynamics)

¢ Atm OSphere P - Radiative transfer (heating, clouds etc)
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- Chemistry & Physics (condensation, photoionisation etc)
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State-of-the-art:
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UM: Simplifications
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Regime & Dynamical Scales

Hot Jupiter (HD 209458b)
¢ Tday—night ~ 1000 K
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Advection+Metric Coriolis:Rotation Gravity Vp: Temperature
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Circulation:
Heng et al (2011)': H209458b
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—CIraatations
Heng et al (2011)": H209458b

o Figure 4 of Iro et al. (2005)
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Simplifications: Equatorial Jet

Shallow ::I';u.lt_'\'.—lr-.u.':'l DEEP j:u'|.-..|'|l-'_.|' Full

Days
200- A new quasi-steady state.
1200 Full: 22,500-23,500 Weaken stratification? g=7.8
500
700
4000-
5000 - -
= T-P (Init) 12,700 [
= Wind (Init)
- Domain (remove deep) A
- Activate: Deep Vertical Advection?
10,000-
11,000

Hot Jupiters Showman & Polvani, 2011a,b

+ Standing waves

W

Ld ~ LT{. ~ Rp

->w' Critical

External Zonal forose

Equation st




0’

(S9EOS DOV ) sINSSeld

»

- -
o o
—

-

(owos Do|eyd) sunssaiy

©
-

Prograde Equatorial Jet

Large

10

S0

0

a

S0

)

3

A

(



Full

»>

T '

(@|eaw Boj)iwg) ainusaig (aquas Baj){ug) asnssaig (@mwas Bojliwg) amesasg

©
g
| -
[1Y]
3=
(7, ]
c
O
&
Q.
Q
o
—

»>

(@|eas Bo|)ivg) ainssasg (awas Bo)){vg) ainssaug (awos Bo)egd) amssasg

shallow+trad

Large: Prograde Equatorial Jet

Shallow

(aeas Bo|l(eg) ainesasg [@was Boj)(vg) anssaug




A new quasi-steady state.
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Pumping Mechanism: mean-eddy

Rossby waves

N
break & dissipate ~ Momentum
divergence
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Hot Jupiters Showman & Polvani, 2011a,b
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Eddy External Zonal forces
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Conclusions & Future Work

' - Code Works!
Done- * 'Full), Long => New state (Lit: Prim or short)
- Pumping => Vertical circulations

Inflated Radii?-> Couple RT, Deeper (Cp=F(p)) (short)

To Do! Redistribution efficiency?-> Parameter space (short-mid)
Thermal Inversions?-> Compositional changes (mid)
Dust and Hazes?-> tracers+sim obs (mid-David Sing)

Papers:
- Test Cases (Earth, Hot Jupiters): Mayne et al (2013a,b-Ref report)
- Pumping Mechanism, New state: Mayne et al (2013c, in prep)
- Radiative Transfer: Amundsen et al (in prep)



