(DI 1N T—HA— R EX K B
BEURERE

INBFE, SRR
FHML LT 7 7
T. Ozawa and S. Imamura
JAXA

BESEFEOFAICAITT7—IIavT
TKPHEH I7LY A 8—
202041 A 248 11:05-11:20



SLATSHEZ RN E =

e HIEEE G0 kmLl F)FHEBEOIOVTAT72RIATIRAELT, BEEE
B2 R M (SLATS  Tsubame) h’BiFE SN . BIEBEICKHERAMNEIS
ht=.

s BREICERNNETFTRATHENTEHFHHICEETHY, ==, LEEBR I
—XI2BVWTHT7ATL—XZFRIFES &Y., HEEFRIEZHHNTHEN
TZ5,

o XD SentmanTETILFED KK A FARITIE, ER-EBEFHICKH5CDSD206E
DELZFEMTELZN, ~ LA - BEKRFEOEZENT—IR—ADEENKS
FZE-EREREICEE

o IRXR—EL B (Kn): FEEDI/INTHA—4

. A(mean free path)
_ 4ma At aM K= L(characteristic length)
Prim 3 1631172 CDS s RYNB(M) ESD/INFA—43
M = U (velocity relative to the medium)
a(speed of sound)
N.S. Egs.
- -
Euler Egs. | SLATSIE R fits]
Kn 4—/\A ' ' ' ' ' /\ﬁ >
Continuum 0.01 0.1 1 10 100 Free-molecule

- The Boltzmann Equation -
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* In the segment-fixed frame (%), the Boltzmann distribution function can
be expressed as 4

3/2 [T\

F m. m. 2 11\

S = ——] exps-——2— v.+V. IR\
f (anT) p{ 2 2,0+ }
Vi1 = Voo lkj=1, Vi 2 = Vo "lij=2, Vi3 = Vo " Ik j=3 |

 The Boltzmann velocity distribution for particles diffusely
reflected from the surface is given by

3/2 5 \ \
f;D i ( mi ) exp(_ miv ) -
27k, 2kT,

« The particle fluence rate on the surface element, &, is written as!!]

[ = f B dv, f B dv, f ! (-n,v,) fiF dv, V.=freestream velocity in body-fixe
- - - frame

v=particle velocity

i=chemical species

j=index in segment coordinates

T
I'. = n"%{exp(—cii) + \/;CU [1 + erf(cu)]}

¢, ==V,\Jm, | 2kT (1=normal direction, 2,3=transverse)
7: k=index of segment
Vi = \/ 8kT [ wm, n/=number density of i

[1] Fujita and Noda, “Rarefied Aerodynamics of a Super Low Altitude Test Satellite,” AIAA Paper 2009-3906, 22-25 June 2009.
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The particle fluence rate diffusely reflected by a surface element, is 1]

= f _O; dv, f : dv, f OOO (n°v)f" dv, nP=number density of diffusely reflected particles

DT n” =4y /v (T =1T),)
- - J8KT,, [ wm,

r’=

y=surface accommodation parameter

The normal force F; (j=1) on chemical species i can be expressed as
0 o0 00
F = mi[f_oo f_oo f_oo v (2=y)(=nv)f" dv,dv,dv,
_fooo f_o:o f:vl(nf)vl)fiD dv, dv,dv,]

m;n;kT
Fii=—

(2 Y){2¢cyiexp(—cf;) + V(1 + 2c1)|1 + erf(cq, l)]} " nPkT,,

0 00 0
F,,=m, f B f B f _vy(-ny,) [ dvdvydv,  (j=2.,3)
F =myl}V,

i=index of chemical species

o j=index of segment coordinates
b= Z 2 EF“ b to| % k=index of each segment
k |7 \1

ip=unit vector in drag force direction
[1] Fujita and Noda, “Rarefied Aerodynamics of a Super Low Altitude Test Satellite,” AIAA Paper 2009-3906, 22-25 June 2009.
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Body-fixed coordinates in FM and DSMC « The origin of body fixed frame is the
; center of body in the x, y direction and

¢ \U// the bottom surface in the z direction.
> « EiLIE (CoG)

, y, 2)=(-62.1, -10.5, 260.2)mm

« E—AVFIEDLAY
« RERE: 7,=300 K
Ve ‘ - SHMmE: S,.~10.093 m?
- - SBEK: R,..~0.54 m
D
> Cy=F,/(1/2p,U’S,,))
V. = V,cosBcosa Cps =CpS,y
V, = Vesinfs a=angle of attack Cy,=Fy.1(pU.S, R,
I/Z — Vm COSﬁSina ﬁ:SIdGSIlp angle 100 200 300 &(-J;"’:d;;.::t, ‘:010 JOO 800 -3;-:-
. . o | '
Table 1: SLATS Test configuration = o
List Symbol | Unit Size 7 Orbit transfer phase £
Width A\ m 0.66 co - altitude kee[:iw{ ’ P i
Depth D m 2.038 _ P
100 L ...::.,ff'::' ',-,. i k. Fe 3
Width for solar panels W, m 5.17 GEaIgIER T . GE  ptihee e iy
Thickness of solar panels Tp m 0.02 Knudsen number as a function of altitude
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SLATS Geometry(A): SLATS Geometry (B): SLATS Geometry(C):
Simplified model, N;,..=9584  Simplified model, NV, .=15278 Surface near-full model, NV, .=31425

SLATS Geometry (D): 6 B , r 15
Full model, MV, ..=1511087 R B K [ EEEEE S ’
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Geometry model dependence can be negligible compared to numerical model dependence.
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1.25 for the comparison between GOCE density data and several atmospheric
model) (HASDM, JB2008, NRLMSISE-00, and previous DTM models).
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2018/4/) 20187475 2018/4/10 2018/4/15 2018/4/20 2018/4/25

Doornbos, et al.: Air density and wind retrieval using

The comparison of atmospheric density at approximately 400 km in April 2018 between the GOCE data, ESA SP-722, 2013.

SLATS data and several atmospheric models (SLA-170038& 8)
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Comparison of Cy, for the =0 deg. at 400 km among 3 cases. Drag coefficient difference among three cases for the =0 deg. at 400 knh2
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The comparison of atmospheric density in March 2019 between yaNcs L/%) ZF:E kT ‘ié*ﬂ. ya| ‘:-L‘TT%) Fé}g :]:JJ'I_.
the SLATS data and the atmospheric models HOENEMNSNF-HTHB,

Estimated density ratio in March 2019 NRLMSISE-00AEE SR TS 2 & EE R

Ratio of SLATS density to N0 THLILELNH D,
: NRLMSISE-00 F‘*:‘%?njj @ﬁﬁ?&%#’C%é#_{&FF nﬁtﬁ
Attitude | Number of
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N NRLMSISE O0IFBIE S EfEEIZHLY
Total 478 0.65 0.65 0.98 TAREZENASLDOTIEELM?

NM-Y 478 0.65 0.65 0.98
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