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INTRODUCTION

Solving thermal radiative heat transfer problem
1In atmosphere 1n order to

Modeling climate change
Design solar concentrated power plants
Predict solar energy

Analytical atmospheric model: 1sotropic
assumption

This study:
Monte Carlo approach
Mie scattering
Scale anisotropic effects



ATMOSPHERIC MODEL

18-layer model
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ATMOSPHERIC MODEL

Pressure and temperature 1n each layer
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AFGL profiles used for temperature and pressure
profile

HITRAN molecular spectral data for seven gases used
to calculate absorption coefficients.



MATHEMATICAL MODEL

Radiative transfer equation (Boltzmann
equation) 1n a scattering medigrr%:

0l (x, 1)
U

PP [(e, 1) = (1 = P, (T) + gj_lP(,u,y’)I(K,,u’)d,u’

For plane-parallel , 1sotropic scattering layers,
radiosity, J and irradiance, G can be used:
J=« —Sﬁ)ﬂlb — pml
G = —t J(s")ds/
jo e
Calculate J and G 1n each layer by solving a

matrix constructed by transfer factors and
modified transfer factors




ANISOTROPIC SCATTERING

(a) Forward scattering (b) Backward scattering
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ANISOTROPIC SCATTERING

Mie theory:

Used to calculate absorption and scattering
coefficients

Used to determine phase functions
Simplified phase function: Henyey-Greenstein
1— g°

P 0) =
(cos 8) 2(1+ g2 — 2g cos 6)3/2

6 € [0, m]

Scale gross error of final results

P-1 approximation scaling

Scale initial inputs (absorption and scattering
coefficients and albedo) to an isotropic scattering
medium:




METHOD — MONTE CARLO

Choose number of bundles n for simulation

Start a new bundle
(Determine position and direction)




METHOD — MONTE CARLO

Initialization:
Initial angle:
Surface: 6 = cos™1(\/&g) ¢ = 2mé,
Volume: 8 = cos™'(2§g — 1) ¢ = 2n¢,
Initial position: random position within an layer
Optical depth: 7y = —log(1 — &) since [ «x e™*
Energy contained in each bundle:

eoT
N

Eps =

4k

al
Epg = == [, oy (v, T)dv

2hc?v3
ehcv/(chTg)_l

Where, I, (v,T) =



METHOD — MONTE CARLO

Choose number of bundles n for simulation

Start a new bundle
(Determine position and direction)

| Determine distance to next collision d,. |




METHOD — MONTE CARLO

Initialization:
Initial angle:
Surface: 6 = cos™1(\/&g) ¢ = 2mé,
Volume: 8 = cos™'(2§g — 1) ¢ = 2n¢,
Initial position: random position within an layer
Optical depth: g = —log(1 — &) since  «x e™*
Energy contained in each bundle:

eoT
Eps = N
Epy = "N = [, Ipy (v, T)dv
Tracing

Determine position of interaction
d. = —log=

Ke



METHOD — MONTE CARLO

Choose number of bundles n for simulation

Start a new bundle
(Determine position and direction)

A

Determine distance to next collision d,.

\

Determine distance to nearest boundary d,

Determine scattering angle

Yes

and propagation direction

Advance photon to collision point

Absorbed ?

Add ray to total N,,, for
medium region

dy, >d.?




METHOD — MONTE CARLO

Tracing

Determine position of interaction

log(1-¢)
Ke

od, =—
Determine which particle to interact:

o According to relative ratio of extinction coefficients
Determine particle destiny:

o Absorbed: ¢ < (1 — a)

o Scattered: £ = (1 — a)

K¢ . .
oa= K—S 1s single albedo
e



METHOD — MONTE CARLO

Choose number of bundles n for simulation

Start a new bundle
(Determine position and direction)

A

Determine distance to next collision d,.

\

Determine distance to nearest boundary d,

H

Determine scattering angle
and propagation direction

Yes |

Correct distance to collision d,.

Advance photon to collision point

Absorbed ?

Add ray to total N,,, for

medium region

dy, >d.?

1

Record crossing parameters

No
| Advance to boundary |

Is boundary No

external?

Record escape parameters or add
bundle to total N,, for appropriate
surface

/‘

No /ast

bundle?

Yes
| Stop |




METHOD — MONTE CARLO SCATTERING

Scattering angle:

1-— g2 2}

1
— 2 _
COSO_ZQ{Hg [1—g+29s‘

New Direction:

sin @

1—1r2

Ty = r,cosO — (ryr, cos @ + 1y sin @)

r,=1r,c0s0 + 1 —1r2sinfcos¢




RESULTS — MODEL VALIDATION

o Compare aerosol-free case

» Simulation result and ICRCCM model result
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RESULTS — SPECTRAL DIFFERENCE

The difference of spectral DLW radiative flux
density on each layer boundary between a highly
forward/backward scattering case, and an
1sotropic case.

(a) Spectral downwelling longwave radiative flux on each (b) Spectral downwelling longwave radiative flux on each
layer boundary in highly backward scattering case (g =-0.9) layer boundary in highly forward scattering case (g = 0.9)
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RESULTS

Downwelling 0. (a)Surface DLW error (2D)
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RESULTS

DILW* — DIW | =5.02¢%0033% 1 5 ()3,=0-157a  for ¢ > ()
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CONCLUSION

With specific aerosol concentration and
temperature profile, effect can be scaled to
1sotropic scattering case to assist analytical
calculation.

C( } DILW* — DLW _S_{}ZED.DDHEH + 5_[}3€—f}.|57a for g > ()
id) = —

$ ~5.27¢000461a 4 52401470 for g < (

P-1 scaling gives pretty good approximation when
aerosol concentration 1s small.



