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Abstract Collecting and returning samples from the asteroid’s surface is one of the significant

targets of the current asteroid detection. The key issue of the nitrogen purge sampling technology

is the flow field design of the sample container. In order to ensure that the sample container has

an efficient collection performance, the flow field design of the sample container must solve two key

problems, one problem is the flow field how to form a trap effect on the sample particles, and another

problem is the flow field how to effectively classify the sample particles. Therefore, the researchers

proposed a scheme of the sample container, which uses the combined effect of centrifugal force and

guide blade to collect and classify the sample particles. For verifying the performance and feasibility

of this scheme in a microgravity environment, the researchers carried out the numerical simulation

with Fluent software. Under the boundary conditions of the container, the simulation program

calculated the velocity of nitrogen at the inlet, and the optimal value is 0.6m·s−1, the efficiency of
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the container at this velocity reaches 99.7%, the flow field of the sample container also has a good

particle classification function, and its capture rate of particles that less than 2mm exceeds 90%.

Its pressure loss is also within a reasonable range, the research results of this paper can provide a

reference for the upcoming asteroid’s sampling task in China.
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0�T9�ZX)L>�"57Y)3�X,	C/vfL>�Yj#{�:1��,HK�$�D)&BL>�;:$"YB:�,l�$��|
1O+OP�G. wY�, 'q�&�|Y�ZX|?�u>YO+�}�,|X
!5(Y℄��Y6Z�1�ZXO+j2B&Y��!<0O+j (Osiris). ��6ZH0O+j` 2003 Yr�, t 2005 Yl=>�ZXu$/O+. �O+j&X/H�t2Ojg�Y&?S3, &?%��H�t2Oj�����ZX�D, ÆOjg�iY?aE__*H���"#Wu�?a�j, g?a.L�j)H��zo 6 cm, �o 7 cm Ym""�j [1]. t 2014Y, ��_r�/6Zq0O+j, �O+j` 2018Yb7��ZX�g�lgu$/O+, `?&X/t2Ojg�Y&?S3,N5|�l
u/?a�jY�V, 
uY?a�jR$�zr 4.8 cm, �jr 5.7 cm, ?a�jD�K.Lm.YmX?a [2].6Zq0hV&L 100mg Y?a. B&Y��!<0O+j` 2016Yr�, t 2019Y�|/l�[�ZXYO+. �O+jy&X/H�LmI"&?S3,��S3_*℄�YLm��ZXY?aJ�?a�jR. ��NhVD|��` 60 g Y?a [3].�&YOq2C�O+�8�7, $9/�$�O+�} [4], k5ldK`<�$�w�~pO+ [5], =i�|l Kamo’oalewa �$�|?�u>YO+�}. \`LmI"Y&?S3}0+4D|X`
1��Y�?a,QA�S35r�$�&?YZ0y��H [6]. \`I"mX�iY2�m?a�(�T�F,TO+j,HK?a�jY4dTl?a�("5�4�U,�l?a�(u$�Q.L, Bp{Æ2�mY?a�(RM;�j. _*r`qt?a�%S3 [7,8], �vU;/H�F`LmI"s.L�ZX?aYy�,�y�%X.���*2RRF_Y�`2Xl?a�(u$.L2

�Q. _*%X Fluent Æel?a�jY4dY8
IV,<�/�y�ln��z�(?aY�Q2.LY℄�&.�v��+6/��?a�jY4d�VOg8
IVYm(.

1�A
1Nl[�X�ZX�D{�7��jYn?&,�B����2�:-: H�)��E_, H�)�:-Y�( [9]. �:-Y/��(�zor 10µm, p��E_Y�z�KET 5 cm K�. ��
1N�, O+j�B.L�-�?a, hVD|��` 60 g Y?a. Qr&?S3&XLmI"Yy$, HK?a�jR$��)H�LmY4d. .LY?a�Ct(2m�(Y?a,t2;lzslD2m�(?a,ps_hZX?a�(Jb��T& [10] ,D�LR��lÆm��(i�,��Bu?a�jY4dBT�qF_!�2m�(?aYm ��2�D.?a�j�Vr�B\G�(.Lxd���(.Lxd���(.LxdKO�l2RRF_>$�.5. G�(.Lxd)H�m""Yxd,��(2��(.Lxd)Æ��RRF_��"5Y-�;"m"xd, ��(.Lxd=`h*,p�.Lxd=`R*, ?a�jYR$�w�d 1H&. ?a�(D(��Lm\�j^$Y��u�u�G�(.Lx, �zt 5∼50mm Y?a�(�^3tG�(.Lxd,gJY�(:r���u���(.LxR. tm42��*Y2X�, ���(℄(RRF_u$?.%HYsh. \`RRF_d[$�Y℄�r 2mm, HK�z�` 2mmYm��(?a�_*�℄�u���(.Lxd.��m��(Æ��*gT�jYh�$u, Pm4^Æ7,�(Bd[F_"5Y℄��O�RMY�9)H�K�
, Bp"5/H�m�(Y�4. �zt 2∼5mm �℄Y?a�(�Y-D(m4TE�l, �Æ�l-�2�Dt��(.LxdR. ?
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2�A

l6f[:�KX
2.1 IdWm?KR\`_tY�*/�4�W�?a�(t?a�j�Ysh%H,pst_Dhw;H�1 ℄Ym�*+-;x}0�Q,HKNoY5|~�B)&X8
IVS3k5��5|Y<�.��=YLm4�)W��(?a.L�TY�BQ?, QA8
IV)Bp�-�yW, H).G��Lm4�b�(RM9�℄Y!�, q)����Lm4�l�(�Q&TYW�22XG�. ��Y��Lm4���r 0.2, 0.4, 0.6, 0.8,

1m·s−1,��=Y(*,|�jr 0.001 kg·s−1,(*Y,| ℄r 0.2 s, VC?a.L*8Y ℄r 4 s,8,tVCm77bV(*Y�!8�. Fluent Æe�,JY DPM CsI �KIVn�(z�(t4d�Y%H,�v%X�Æek54dY8
IVVC.t Fluent Æe�h'Y4d�d 2 H&. 4dY��q�z�?R,4dY��&X�j�q\e�4dY;�&X2*�q\e, 4dYw�=&X Fluent Y�'�D-8. 5|~%X Fluent Æe�Y kε-2 f4I up4d. Ah, IV�l?a�(l�I 1��\�.

(1) ?a�(����.T&, �}$Æ_:r�℄�`�z(8Y�a. IVY?a�(Y�zwpr: 20∼5000µm, ��6Z02��!<Y8� [11,12], ?a�(YCjr 1.19∼1.95g·cm−3.

(2)\`�ZXYR*/}0m� [13] ,gl?a�(YW��8<�V,�e4dRYR*[�j
r2.I Y�q�e��.

(1) �j0$R�: �er0$Y WALL �q,�(t�q�rtOI$.

(2) RRF_℄�: tI Y℄�$�h'H�

DKi2r��Y�q,t��q�IV;{�Y�0�T, P{��q�r*�z�G` 2mm Y�(_*, ptO�zG` 2mm Y�(. _* C 
8�r/ UDF �q*8,�!��H�q�e, tVC*8�, Fluent �8,,h
X�*8,.

(3) �j;�: tI Y;�u�h'H�DKi2r�lY�q, �q��er Fluent ÆeL�Y PRESSURE OUTLET ;�, ` Dt��q�IV;�N�zr 2mm Y�l, P�l�qr*�z�G` 2mm Y�(_*, ptO�zG` 2mmY�(. �*8,`{�YIV*8,, �*8,\ Fluent �8,,h
X.

(4)�j��: �er VELOCITY INLET�q.

e 1 �b	kZS%�x
Fig. 1 Internal structure of the sample collector

e 2 �b	kS5eZ�tJ!
Fig. 2 Three-dimensional model of

the collector’s flow field7 1 nZ^\�Uq9< (>h: mm)

Table 1 Dimensions of the flow field in the sample collector (Unit: mm) Yi# H	)/Mye �	)/Mye �	)/Mye Mn
�	{ Mn<�	{
100×200 55×100 68/φ57×100 90/φ70×100 55 60
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2.2 NS?Q`8b?a�(Y(z�℄n?&, DPM I &X Rosin-Rammler �!-8$e�((zY��&, QA)B~e�(�uz d50 2�!
8 m.\`NoA℄eE�ZX�XY�((z�!Y8� [14], ps�NYCj2�ZXY�-�XYCjkw, HK�v�K_t�Q�XÆeE7Y�4(z2r��8�, Zheng \ [15] bV2��/M���-YeE�(Y8�, �X;/�Q�XYY(z�!-8Y�E$r F (d) = 1 −

exp[−(d/0.4335)1.1904], F (d) r�!-8, d r�(�z,\(z�!-8���N�XÆeE7Y�(�uz d50 = 0.4335mm, �!
8 m = 1.1904, �v�K���(8�2r DPM I Y(8.

2.3 IdLEHCj5|~�}�6(8h'/F` Fluent YVCI �k5/VC. P4dETxM7, �`�zY�(t4dRY�!�d 3 H&, d 3 
&G$�Y��(�!t/h-Y��(.Lxd, pG�(�!t�℄YG�(.Lxd,�VCm(�GHU;Yy�T℄����`(zY?a�(.��(*�!YVC8�, A�;�d 4 H&Y��Lm4�2�(RM9!�zÆ. Bd 4 �K�;, P��LmY4�t�#z[Y*8�, �(YRM97�;	�#j℄�7zGY�:w(,/℄Y?aRM9or 0.3%, P/�Y?a.L�9or 99.7%. Bd 4 �Yw(ÆD�KX;/Z��4�or 0.6m·s−1, �D;G?aY.L�92��LmY4��℄/ZY^\!�.r/.:��?a�jlm��(Y�DT*,

e 3  a){Z)+u5eSZ�"
Fig. 3 Particles distribution with various

sizes in flow field

U|RRF_{��q�Y�(8�, �A;�`�(�z�Y�(RM9b���j!�zÆ, �d 5H&. d 5 
&, RRF_K 2mm rql�`(zY�(�℄,.�Q2X, G$�m��( (�z�` 2mm) Æ.Lt/��(.Lxd, G$�YG�( (�zG` 2mm) yÆ{�tO>��(.Lxd, QA?a�jlm�Y�("5/�4�U.2*F�)d�?a�jYH��B
�,*�Y2*F��j℄&?�bYs$�9. d 6 )2*F�
2��Lm4�Y!�zÆ, �d�G: 2*F�2��LmY4�
5��!�. D(��Lm4�YzG, 2*F�DB 20Pa �#z[T/ 378Pa, QA?a�j�+J0X*�Y��Lm4�, P��YLm4�r 0.6m·s−1  , ?a�jY2*F��2* 150Pa.

3�o>l`LmI"Y&?S3,?a�jY4d�V
e 4 
�5A3�b	)SN:Z"�

Fig. 4 Relative curve between particle’s escape

rate and velocity of inlet

e 5  a){�ZSN:3
�AkZ"�
Fig. 5 Relative curve between escape rate of particles

with different sizes and the velocity of inlet
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e 6 3+G�3
�5AZ"�{�
Fig. 6 Relative curve between pressure loss and

the velocity of inlet)g!
S3. �vU;/H��$�?a�j4dY�Vy�, 5|~_*lg4dY8
IV, �G��y�t�=��K!� 99.7% Y?a.L�9, D<�/��y�Y�$&..G/��Lm4�2�(RM9�℄Y$8.P��LmY4�t�#z[Y*8�, �(YRM97�;	�#j℄�7zGYw($8, ` 5|m(D
;?a�jY/Z��4�) 0.6m·s−1.����/��Lm4�l�(�Q&TYW�22XG�. .�$RRF_)l�(i�Q2XY!
m�, �v�YRRF_Y℄�
|r 2mm, 8
VCYm(�G�(8
)!��(�QY4�
,&X�℄�(8YRRF_��G$�Ym��(?a.Lt��(.Lx, ` DtO/��(?a. 8
VCYm(D�G: ��y�l�` 2mmY?a�(Y�D92*/ 90%,�℄���m��(?aYo,._*5|��4�22*F��℄Y!�2$8,5|~Dr�P��4�r 0.6m·s−1  ,?a�jY2*F�Dt4�YwpR,QA�v�U;Y4d�V�4/�8Bu.�v%X8
IVS3lU;Y�$�?a�j4dy�u$/<�. D(Æ℄;xIVS3Yr|2l!
S3Y
e,�uH#+-���$�?a�jY!{?G, �D|�!Y!<8�.8Mik
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