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Calculation Algorithm Research and Engineering Practice of
Vacuum Pressure Distribution in the Slender Tube

CHEN Lin, DENG Gaofei, YANG Hong*, LIU Weijian, WANG Haowei, LUO Shougeng, BAI Wenlong
(Beijing Zhongke Jiuwei technology Co., Ltd., Beijing 100176, China)

Abstract This paper focuses on issues such as the complexity and time-consuming calculation of the pressure
at the end of a slender vacuum tube in actual working conditions, as well as the inability to measure the pressure
inside the tube. Through three methods including software programming calculation based on theoretical derivation,
numerical simulation, and experimental test, the pressure distribution law within the slender vacuum tube is
investigated. The results show that the pressure difference between the ends of the slender tube is related to the
geometric parameters of the slender tube, and the pressure distribution in the slender vacuum tube presents a typical
parabolic distribution characteristic, in which the pressure gradient on the pump port side changes most
significantly; the pressure distribution in the tube can be effectively optimized by shortening the length of the tube
or increasing the diameter. The results of this research provide a theoretical basis and technical support for the
optimal design of the vacuum system and have important engineering application value for improving pumping
efficiency, optimizing the vacuum pressure distribution in the slender tube, and ensuring the consistency of the
process.
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Fig. 1 The schematic diagram of gas flow in the tube in vis-

cous flow
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Fig.2 The schematic diagram of software program interface
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Fig. 3 The flow chart of the program calculation
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Tab. 1 The boundary condition of inlet and outlet
(Ed R B FHHAF FOES
D/m L/m g/Pa-L/(s-cm’) po/Pa
0.006 0.15 4x10°° 1x107
0.006 1.5 4x107° 1x10°
0.012 15 4x10° 1x107
0.016 1.8 4x10°° 2.9x10™
0.016 1.8 4x107° 2.9x107
0.016 1.8 4x107° 2.9x107
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Fig. 5 The distribution contour of pressure on cross section of

tube D0.016-L1.8
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Fig. 6 The distribution curve of pressure on cross section of
tube D0.016-L1.8
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Tab.2 Comparison of numerical simulation and program calculation in molecules flow

B AR EHARE FAOMIES BER L R P EE R R
D/m L/m po/Pa pi/Pa p/Pa P Do
0.006 0.15 1x107 1.319%107° 1.325x107 3.250x107
0.006 1.5 1x107 3.398x107 3.345x107 3.245%x107
0.012 15 1x107 9.014x107° 9.113x107 8.113x107
0.016 1.8 2.9x10™ 6.789x10° 6.862x107 6.572x10°°
0.016 1.8 2.9x107° 9.376x107° 9.472x107° 6.572x10"°
0.016 1.8 2.9x107 3.550x107° 3.557x107° 6.572x10"
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Tab.3 The boundary conditions of inlet and outlet for numeri-

cal simulation of viscous flow

EEER EHKE  ROE EHx=L W RO
D/m L/m pJ/Pa m/s m'/s
0.006 0.15 120 226 0.001
0.006 1.5 120 9.01 0.001
0.012 5 100 14.6 0.01
0.016 1.8 1000 419 0.01
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Fig. 7 The distribution contour of pressure in slender tube of D0.012-L5
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Tab.4 Comparison of numerical simulation and program cal-

culation in viscous flow

EHHER EHRE RACOM

RO BEB RFE

D/m L/m J& 71 py/Pa m’/s 259 p/Pa 45 pi/Pa
0.006 0.15 120 0.001 190.4 187.4
0.006 1.5 120 0.001 467.1 470.1
0.012 5 100 0.01 604.6 608.2
0.016 1.8 1000 0.01 1211.7 1187.4
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Tab.5 Two side pressure of slender tubes with the different
width
AWK SH/m
D=0.016, L=1.8
D=0.025, L=2.5

KT py/Pa i E ST pi/Pa 145 B} [E]/min
2.9x107* 6.3x10° 20
43%107 1.5x107 5
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Tab. 6 The result comparison among experiment test, program

calculation and numerical simulation
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ZH/m po/Pa JEJ1p/Pa K p/Pa  JESIp/Pa
D=0.016, L=1.8 2.9x10" 6.3%x10°  6.86x10° 6.79x10°°
D=0.025, L=2.5 4.3x10° 1.5x10°  9.49x10° 9.55x10"
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