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Mars Entry
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Dependence on 
accommodationSLATS

γ=1.0

γ=0.9

γ=0.8

l �384�-%�C1�
Ø 3�:�.�ISuper low altitude test satellite: SLATSJ, ��
�&�'

l �-9�B;>G,!���<F5*�9�DC%� �C�	
l �-%�C/7�6������C1�
l /7�6���C��)�H�2���1�

�-%�C"�0�H/7�6���1�BE@A
%� �1�(�=
�?GK



SLATSgEs�

l �¨¹¤·1(Kn)½&U(�ª³°¹¥

Ø ®¦©1(M)½e��ª³°¹¥

l JAXA��»9are&Ut=(Hypersonic Rarefied 
Wind Tunnel)�IKnF�f��y�¼
Ø A_Xq@i+�1\?
Ø &UL
�H/\?

SLATS&UL
IK�S4
l d'�LEO(Low Earth Orbit)����v(�������}�~��»	�¸@`�Z?
�{����
[T���»��§�¬¤· (SAR, LIDARM)�$��¸c�p
��
>}�T���¼

l av%�<�m6G�Z?�, o�<�¢�������BkQ(AO)�Ey�72�
Rk��e]u��, )8"C�~�|��:w�¯¦¡²·�­§·¡±´�5��y�.

l a�v( (300 km��) !D��«¶·§���n.��]����, a�v(W3,V
]u;ºSLATS½Super Low Altitude Test Satellite; SLATS)}nF���y�¼

l vO(�L<-
��?����}^#�*�lY�x�»��»bhjJ«�¹£�{
y����¶¬µ¹��5���z�����»0f��NP����}�~�¼

Kn
0.01 0.1 1 10 100Continuum Free-molecule

Euler Eqs.
N.S.  Eqs.

The Boltzmann Equation

Kn = λ(mean free path)
L(characteristic length)

M =
U (velocity relative to the medium)

a(speed of sound)



4

	�
������ (1/2)
• 	�
������
�300 km���
��

– GRACE: data between 450 and 500 km for mroe than 4 years
– CHAMP: data lower than 350 km
– GOCE: data between 250 and 300 km for about 4 years
– GOCE and CHAMP data can be compared

Doornbos, E. et al, "GOCE+ Theme 3: Air density and wind retrieval using GOCE data, Final report - updated after CCN 1," ESA 
Contract Report 4000102847/NL/EL, July 2014.
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���	�
��� (2/2)
• GOCE data
– GOCE data between 250 and 300 km for about 4 years
– GOCE data agree wll with HASDM with a factor of 1.25
– 25 % discrepancy may be mainly due to the simple aerodynamic model used 

in HASDM or any other atmospheric models
– DTM-2013 has been developed by using the GOCE data

Doornbos, E. et al, "GOCE+ Theme 3: Air density and wind retrieval using GOCE data, Final report - updated after CCN 1," ESA 
Contract Report 4000102847/NL/EL, July 2014.

SLATS��GOCE�������
�	
����������	��
����
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�*)�YP[���C�

• SLATSAD4(6C)�P^OW^NJ 2
(1) TXR[` +4	�γ=0.9
(2) +4	�γ=0.9 + US[+4CE+4	�γ=0.6
(3) �%&$100 %
(4) �%&$100 % + ����C�5J#,
• �
BG?@��10
'���=I→��
B:<I)�P^OW^NJ��
• 3-90�`US[+4	��&��]�%&$C>F_820%C1�;9I→��0
7BGH+4	�J/�

• 3-0�`����BG?@60%C1�;9I→�!YP[("�)B��_MK\N[
^VZLQP^O�.��
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SLATS�'#���%�?	�E!�9
l(3���
�S
�,6>B:;

– JAXA<@Q�.4/�'5�(Hypersonic Rarefied Wind Tunnel)?2
 E0A;7DR

– �-(3�1���*�
– �'#�?"�*�

• ���
�S��)�>B:;
– SLATS?#���E&����(Free-Molecular; FM))�=DSMC 

(direct simulation Monte Carlo))�>BC�+8QSLATS#�KPJM
PI?�$E!�9R
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Hypersonic Rarefied Wind Tunnel (HRWT)

• ��%48+9:*#7:	�!"'1�
����
• ��%48+9: D=1.0 m, L=1.5 m
• 3��$9/��08.�(6�08.
• $8�"'82&!5,9$9: T0 ~ 750 K(N2)
• 45� )�7*#7: De=100 mm, ���(Ae/Ath)≈3,755
• 3�����;��%48+9��:"'&-8�39$9�
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HRWT.!�� (�D�8��.!)
�D�8��.!

• �+)	A��=5E;BK�D�8$��?CE��.!G
,6K
�G��:EL

• 2�(side and bottom)@CCDHIJG�&9K'��%��G&
6<��.!G,7L

• $�� (Stainless-Steel[SUS], Aluminum, Graphite, SiC, C/C, 
Borosilicate glass, Polyimide*)��.!CD-4"2���@
#0���G/�:EL

Sphere Pendulous Model

Camera 01
• ��


•  F�
(Δx)>3(�

(Δz)@��

Camera 02
• 3(�


•  F�
(Δx)>��

(Δy)@��, �1(Φ)

Nozzle exit

Sphere model
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• ���5	�,
-+
• �'���: γ=1.0

(*��=<>
• ���5	�,�/+
• �'���: γ=0.0

�'���(γ),
-.
3;72?��5	�8

-.3;@

���"

��49;	�

HRWT&��$
• 5mm���
• 2#�
5	�(Δx, Δy)&�
• 20µm SUS! 01���?1��:
• ��(xe+17, y0, 220) mm (685)/ Lst=220 mm)
• y0=0~10 mm
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���������ITO�"��!�
�����!��

(1) PI�(�"��!�
�): d=6.35 mm, 0.19213 g
(2) PI�(ITO�"��!��): d=6.35 mm, 0.19236 g
��
��	

(1) �����
�#VHX-1000
(2)  "�"���#VK-8710

PI� PI�
(ITO)

�����
�
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KN?LI���4�%��(��&	#)

1000�R��"

1000�R��"

1000�R��"

1000�R��"

PI�(CQG>PB�.): d=6.35 mm, 0.19213 g
• ��"TPI4@MQ+'�3�)9
• ��"T�%4�+�)6/(

PI�(ITOCQG>PB
): d=6.35 mm, 0.19236 g
• ��"T�%@MQ+-/=1(9S�!��

• ��"T�%4EKFH+78�*(

OQDQ&	#(VK-8710, Keyence)
��51µm��+ �$�
���15ITO�4JQA< �1,0R
ITO��5subµm(�100Å)2
;:9



PI��	
�4�*�������(
• 9;7:8(Polyimide; PI)

– MLI!4SLATS&,4�&�#�
– 9;7:8��	(6.35 mm)
– Δx (HRWT)=37.4 mm
– +,2����15<x��35"5.0 

mm �4
�
�0/6
– PI��	&,�*���'�$�=
γ=0.60.0.05

PI��	
�4�*������

γ Δx [mm]
1.00 39.4 
0.80 38.3 
0.60 37.7 
0.40 36.4 
0.20 35.6 
0.00 34.4 

PI��	4Δx�)(y0=0mm)

Polyimide

PI��	4
%-�'���



PI(ITO)���	�1�&����
��$
• :<5;9(Polyimide; PI)���(6.35mm)1
	�/�&���1�(�

– ITO(Indium Tin Oxide)7>84=6
– Δx (HRWT)=37.6 mm
– ')/����.2?x��02�5.0 

mm�
1	�	�-,3
– PI���")�&���#� �@
γ=0.65+0.05

PI(ITO)���	�1�&����
�

γ Δx [mm]
1.00 39.1
0.80 38.3 
0.60 37.5 
0.40 36.5 
0.20 35.5 
0.00 34.3 

PI���(ITO)1Δx�%(y0=0mm)

PI (ITO)

PI(ITO)���1�!*�#���
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• �*1,�&2�A65>1~2# ����	�(�I��:d�-��
�(�QRT\�)I'=<e
– Δx, ΔyCy0=0, 5, 10 mmA65>%5�$7�FH<e
– CD(��) > CD(/0)d;B�COXcSa�735D?�89@Ge
–.�!EMcYa!CJ_[WL\�
C���
A+57dY`Q^PKUN]
RbZ^K[VC/0�
B��735e

�-���(�"�BSummary

Material Δx [mm] γ(N2,HRWT) γ (Refs)
Stainless 13.9 0.9040.1 0.96-0.97(Fe, Air, Wing On)4

Aluminum 30.9 0.8040.06 0.77(N2, Acharya)1

Graphite 39.9 0.9540.05 -
SiC 27.7 0.8840.07 -
C/C 44.2 0.8940.05 -

BSG2,3 34.1 0.6040.06 0.5-0.7(Ar, Yamaguchi)3

PI 37.4 0.6040.05 -
PI (ITO) 37.6 0.6540.05 -

1Acharya, T., Falgoust, J., and Martin, M., AIAA Paper 2014-2115, June 2014.
2Morrison, J. A. and Tuzi, Y., J. Vac. Sci. Technol., Vol. 2, No. 3, pp. 109-112 (1965).
3Yamaguchi, H., et al., J. Vac. Sci. Technol. A , Vol. 32, No. 2, 061602 (2014).
4Wing On, H.,” Master Thesis Paper 7041, Missouri University of Science and Technology (1970).
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SLATSJGKBHRWT#�*���
• SLATS��(200A)
– 1/200FEMK, Al), m=0.395 g
– )��NIHK�>D2 mmA��
– 2'!�B��(Δx, Δy)*�
– 10µm SUS&%?2���L4�
C��
– ��(xe+x0, y0;10, 220) mm
– x0=17~51 mm, y0=0 mm
– Tw=290 K@��
– ��-$: Sref=263 mm2

– ��,: Rref=2.7 mm

SLATS
C�=��

." +	 ��
��
JGK

200A
JGK

/> H mm 540 2.7

�� W mm 660 3.3


(< D mm 2038 10.19

IHK� Wp mm 5171 25.9

IHK� Tp mm 21 2.0

678:9012054365JGK� 

X
(Streamwise)

Y(Horizontal)

Z

Suspension wire

Pendulous SLATS model

(Vertical)
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SLATS�����
(1/200, x0=17mm, AoA=5�)

• 1/200 �"!SLATS��
• ��5�1�����#Δx��

• CD (HRWT) ~ CD (diffuse) > CD (specular)

€ 

CD =
2FD
ρV 2A

FD=	� [N]
A=���
��[m2]

�������� (Side view)

Case HRWT DSMC (Diffuse) DSMC (Specular)

Δx [mm] 31.68�2.0 32.3�1.0 19.1�1.0

CD 0.3126�0.02 0.32�0.01 0.19�0.01

DSMC contour plots (Side view)
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SLATS;8</����
• ��/64��0�25mm
• 4<:�	(H=2.7)+Kn=0.2~0.4/��+"�
• # 5
/!���(����;8<),�'��
• ����;8<,$%��;8<+010mm��
��(�*3 (@17mm)
• 59>7=�(&).31-����2&).3

Comparison of CD between DSMC and HRWT DSMC contour plots (Top view)

Diffuse

Specular
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SLATS��04/14.(��

H=100 km
(FM)

H=100 km
(Corrected)

H=150 km
(FM)

• �	550~150 km: �������
• �	150~100 km: DSMC'*,�

• �	120 km��$)Kn 
�'�!&+5
����(�
 ��%&,6

• O(23��)15%��%&,6
• �	100 km'��#5DSMC'*,�
-

FM����'��",6
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Summary of SLATS Aerodynamics
• 5W`Y#Ob;pgfm�P_?Z'�.T=):z6Fj�P_�.q
@V
�(zU�jl�

–{���}�������|�������|��p]jmr��q["�~���
GI1o8tm\_�!q��hcfioh�/jl�

–�^����_zBSG(γ=0.6)o��jm�α=-90$�β=0$q��nkq%a
zU�jloiy�����q���vwH20%cf*�z�=jl�

• SLATS���zAfl#OE�C,T=):z6Fj�#OE�zU�jl�
– 2>-+�40�w):pm���jl��T=h�Knexioh�/jl�
– 1/200, 1/400����q���zAfmQ.qKnpgfm*��.
�(z
U�jl�

– AoA=5d(	XR)�sAoA=-107d(cXR)pgfm�.
S3J4rT=J
4oNf�MzDjl�

• SLATSqE��.zLB��<S3oDSMCS3pvwU�jl�
–c$150 km��nrLB��<oDSMCS3qJ4rNf�MzDjl
– SLATSuGOCEo�7&2q�9���vwu	f $z�=jmfx
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SLATS�)$�=��-#
• ��-#
– *4H[LAZF(GXTOCUH[LAZF%)<?@�5/�
– HRWT-"<89@2+=.�'�=
�
– 7EP[JZ�;=$���/�8?>EP[JZ��
�=/�
– 7EP[JZ�6�=-"<
9:DWQAISY[R<?@�!-"� =�&
– *4��	�<?@�5/�
– *4��=�!(��
�=/�
– ��*4��<?@*4��3���
�=/�
– SLATSQVBNM[K�,�

• 01
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Scientific Research (C), No. 15K06611 and 18K04565 from Japan Society for the 
Promotion of Science (JSPS) whose support is gratefully acknowledged.  


