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Experimental Investigation of Liquid-gas Separation
Based on Single Phase Pump Driving Circuit
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Abstract: In the light of the payload cooling requirements of space-based infrared staring and scanning

observation systems, pump driving circuits having advantages of strong fluid and heat transferring, high-

lift and high adjustability can be used as the cooling circuits for long distance large area array distribution

payloads. It is very important to control the gas void fraction in a single phase liquid circuit. A gas-

liquid separation device based on the flow mechanism of two phase fluid in a porous zone is designed. Its

design ideas and test verification are presented. Optimized parameters are obtained through numerical

calculation and simulation. Flow parameters are measured. The gas-liquid separation effectiveness of

this device is verified.

Key words: pump driving circuit; gas-liquid separation; microcosmic visualization
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�/(&�=4 Lockhart–

Martinelli $��6�������5%	&�

��(&�

(ΔP/ΔL)
T P

= φ2
L
(ΔP/ΔL)

L
(1)

��	φL �$�67�$	>

φ
L

= [1 + C/χ + 1/χ2]1/2 (2)

Lockhart–Martinelli A$�� (3) 6� [7] �

χ2 =
(ΔP/ΔL)

L

(ΔP/ΔL)
G

=
C

L
(Re

G
)mρ

G

C
G
(Re

L
)mρ

L

·
(

1 − x

x

)2

(3)

��6�$
��
��
� $�

Re
L

=
Dṁ
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� (2) #� (3) �
�$�=�B 1 #B 2 =4

� $6��

6���C(&@�27901&)3�


/��$#43(&�0901&�
	5

� $ Re ε6� Re ε < 10�	6� Blake–Kozeny

5:�
ΔP

L
=

150(1 − ε)2

d2ε3
· μu (7)
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I 1 Lockhart–Martinelli JKLMKN

;8 D7 <7AE <7

Re<2000 3000<Re<50000 Re>50000

m (89) 1 0.25 0.2

n (=9) 1 0.25 0.2

CG (89) 64 0.316 0.184

CL (=9) 64 0.316 0.184

I 2 Lockhart–Martinelli OPKN C

=97F:8 897F:8 C Æ9

D7 D7 5

<7 D7 10

D7 <7 12

<7 <7 20

Re ε > 1000 �	6� Burke–Plummer 5:�

ΔP

L
=

7(1 − ε)
4dε3

· ρu2 (8)

'G)� Ergun 5: [8] �

ΔP

L
=

150(1− ε)2

d2ε3
· μu +

7(1 − ε)
4dε3

· ρu2 (9)

>;$
�9:	&!�� 0.84×103 kg/m3 	:

�� 1.084×10−3 Pa · s Æ>;�
���	&!

�� 1.21 kg/m3 	:�� 1.62×10−6 Pa · s.

<��
���

?'�� 20% 		0

�=7#����%&'
��0?�<;�

���
�4��

43��(&�� (1=

1) �

6�>?%H�B�"901&)3�=

4�@6����)3
>/� 0.16 mm 	0/

� 0.355 mm	0?�� 0.55ÆI��)3
>/

� 0.28 mm 	0/� 0.71 mm 	0?�� 0.45 �

@C�=27�
�$

+�/��$#:

�/��$�&�	+�/��$�

C2 =
3.5
d

· 1 − ε

ε3
(10)

:�/��$�

1
α

=
150
d2

· (1 − ε)2

ε2
(11)

I 3 QRÆSTUVMWXYZKN[

\XYZKN

DA:<;8 BA:<;8

;E=AC 59166 7.13×109

JE=AC 26666 1.45×109

#'27#��,��)3�
+�/��$

#:�/��$ (1B 3) �

�27�4KB� CFD C��
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�(�S+	5 (1= 5) �= 5(a) �	�
�+

O(� 1.7 V 	JF��$��CÆ= 5(b) �	

�
�+O(� 1.7 V 	GF��$��CÆ=

5(c) �	�
�+O(� 2.4 V 	JF��$�

�CÆ= 5(d) �	�
�+O(� 2.4 V 	GF

��$��C�
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K 2 NGK@JE=MOOAPQ

I 4 ]^_`aMÆSbcdefghij

PL=J PLQ\ RM ;:<AC ;E=AC JE=AC :<AC

9SE8 (m/s) NO8 NO8 ^L=J PQ=J B9LM (Pa)

(=9) (=9) 9SE8 9SE8 TR9/OA9

0.7 0.6 3210 99.5 0.99 0.54 464/687

0.9 4820 149.4 0.98 0.61 568/782

1.2 6420 199.2 0.96 0.69 703/799

0.8 0.6 3210 99.5 0.99 0.63 453/613

0.9 4820 149.4 0.98 0.66 546/671

1.2 6420 199.2 0.98 0.70 682/701

/= 5 �	0?L	�F��$��4#

C	��+(�))@�����
)F�

��(�S+�.�		#�0�$�


�_�4�

(1) �$`#RF�$��C�	�C5


(�S+3 S@ �
a�	 (N 2 ∼ 11C)�

+����T��
�$?S	�
a�	C

�T�$��$'�
�
�(���9.�

�+(�.�D+7
��+aS+�T�b(

8DUc�

(2) �$`#RF�$��C�	V
DU

(dH 3 �SU�SV) �3 S@L7S+D

U �
7O����"?S
?'�	��


L@@�B�E� �7��
S@
/�	9

.��+DUL7U+��+aS+�T�bU

+DUc	M��
WW"F��#_X��%

�L7b(8DUc#bU+DUc
$��+

PY	0����%�
(�S+
����

���

���+O(� 1.7 V 
�%�	100 �$

4e�. 80% �2' 0.02 V ��&�Q�b(

8DUc����+O(� 2.4 V 
�%�	100

�$4e�. 80%�2' 0.025 V ��&�Q�

b(8DUc�

���+O(� 1.7 V 
�%�	100 �$

4e���SU	
Z$2' 0.2 ms (��SU

	
[\�	� 1.42 ms) ��&�Q�bU+D

UcÆ���+O(� 2.4 V 
�%�	100 �$

4e���SU	
Z$2' 0.12 ms (��S

U	
[\�	� 0.83 ms)��&�Q�bU+
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K 5 YS8=E=]ZXZgL<:8

I 5 klmjnMopqrXgh

gG8 8=E=] BH^8 [TH^8 \FH^8 [TH^I] \FH^I]
_JhL (V) ]Y`S

1.7 Y 509 118 25 23.18% 4.91%

755 234 51 30.99% 6.75%

] 440 37 9 8.41% 2.05%

893 92 28 10.30% 3.14%

2.4 Y 474 152 44 32.07% 9.28%

443 115 32 25.96% 7.22%

] 684 62 21 9.06% 3.07%

534 58 6 10.86% 1.12%
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I 6 klmjnMpqstutvwxyz{c

^c_H _JhL @e7e 9S7e kld\ Ti (m)

(W/cm2) (V) (kg/h) (g/s) (mL/s) T1 (max) T4(min)

`n8=E=] 5 1.7 49.20 13.67 8.99 45.7 34.5

2.4 52.40 14.56 9.58 44.5 33.6

f`8=E=] 5 1.7 50.3 13.97 9.19 45.4 33.3

2.4 53.5 14.86 9.78 44.4 33.6
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