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Abstract

The molecular dynamics method is used to simulate the self oscillation process of the micro air
mass in the pulse tube when the pressure ratio is 12/6 bar in the temperature range of 300 - 10 k.
The self oscillation frequency, the maximum temperature difference between the cold end and the
hot end and the minimum cooling temperature at the cold end are obtained at different tempera-
tures. The results show that with the decrease of the initial temperature, the time of the self oscil-
lation period increases exponentially, and the temperature difference between the cold and hot
ends of the micro air mass and the maximum temperature drop decrease gradually. Therefore, the
optimal operation frequency of the pulse tube is determined by the self oscillation period. In addi-
tion, the self oscillation intensity of temperature and pressure wave decays with the self oscilla-
tion, and the higher the temperature is, the faster the decay speed is. Therefore, the average min-
imum cooling temperature is related to the operating frequency. Considering the temperature
gradient distribution along the pulse tube, the temperature difference between the cold end and
the hot end of the single-stage pulse tube should not be too large. Otherwise, the optimal operating
frequency of the cold end and the hot end cannot be considered. Obviously, the higher the number
of stages, the higher the refrigeration efficiency. At the same time, high frequency should be used
for high temperature stage and low frequency should be used for low temperature stage to im-
prove the refrigeration efficiency. The curves of the temperature difference and the optimal
working frequency of the pulse tube with the cooling temperature are given.

Keywords

Micro Air Mass, Self Oscillation, Frequency, Temperature, Molecular Dynamics

TEAEH .

XEEG|FH: XU, fBREE, P, BE K, R, SR ANERE IR NS B IR IS E R T
)R] B 545 E, 2020, 9(2): 125-135. DOI: 10.12677/m0s.2020.92014


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2020.92014
https://doi.org/10.12677/mos.2020.92014
http://www.hanspub.org

XUHERE 25

ARIBE THREARRSEABIRSZANDETIEN
ﬁ'?iﬂﬁ—'ﬁ N

X Hm, RBEN, Fuo¥El, BF L, E—@#, #wKF!

VR TR, REIRSE0 N TRERE, i
2L Eh ) TR L MRS SAENE Sseih s, Bl
Email: ‘qipeggy@126.com

h

ks H . 20200F4H14H; #FEM: 20204F4H29H; KA HW: 20204E5H6H

i E

SRR 4y F3h 12 05 B T B S I #E300~10 KRB VE B P E H 12 /6 barft i B iR %S 72, K18
TARBETBHRGHR. ¥ AIRRKEESARREHVEE. IASERRY, EEVHEERRE
&, BRY AL EEFRIEK, MSEAY. fRBEERRKRRBEHRE Eih, RERNREEZE
TR RHERG AN RER. i, BEMENYE B R BEMEERGHTUER, HRESERE
VREERRR, EMNSREHARE SESITMRMR, BRI ENRERESN, BEAKENE
PIRBREAER KR, BUARERTA. RIRHREBITHR. BR, ZEEL, #HASNRaE, FHI,

BESERAEM, KREHERARH, UREHARE. HHTHRERERRE. BETIERRMEHE
BRI LR

KA
wMsHE, BREG, HX, BE, 2THH%

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BKEHIA N AR EA TN TERI DI L, RS G shiith, aifis, wTEErkmSERn, (&
PUBHATI0. PEARIRBIAN K A a5 A R L% . JE4EoR, JCHRAAENUEHURME TEGUH % 520 7t
TR EH T2 TR LR SO il v LR R B, AT fE— 5@ 260 T, PG RAT BRI A IR
FEMb A T —/HEsd o Zhihua Gan &8 A [L]H7F il ) 5 R ARBK A 74 L3RS 57 KIS BGRLEE o /b i 48
N[2IRAIAUBAGE A AR AT 5NERAT T 48.8 K IR . Ao e 55 N[3]HE 250 W HIHI A Zh % T 53
T 241K AR IRSE . N TERGEE IR Z, SEeble LG PERE, JEeREE N4 T — &
PR R AR B v ML, S A 2 R, 3R15 T 13.4 K IGTE S AR AL . A T4 ik

B — BT LSS PR 2 K A AR R U7, L ML Qiu 58 A [BIE K E R HLH 3R T 15.87 K
25 BRI - RN IS5 N [CLE L AE BN — BAE AR TS, S22 20 43R5 1 9.6 K IR IR % -

DOI: 10.12677/m0s.2020.92014 126 e RSE TR


https://doi.org/10.12677/mos.2020.92014
http://creativecommons.org/licenses/by/4.0/

XUHENE 25

WAL T TAERIBKE SN — BRI RSP K E R, Cao Qiang SEA[7TIRAITA 77, 1E
TR E N 13.3~22 K I, 345 7 3.6 K (8GR AT WL, 7 [F) B4 0 22 G0 P i ik 381 1) o4 T B2 4%
AAME.

Y BIR U IO el e Y B P T PP I FERILER, AR SR 23780 0 24 I 7R, T 300 K~10 K
Y05 | P AR JDCE PR AR B E IR IR, DUBIR FEATI AR T B ol A P 4iR 3 I R A 5

2. TR SR
2.1, YrEER

1 REAAT R IR H A MUR BRI . B2 AR BE 0 s A U et s . ¥
AR BKE . AomBias . BEABIEE . SEE, FRERAKIGR BRSNS MESR. 2%
DR, FERERGR B ARERTY, BKEVS sl BN AR, BLRIERRE v b . #Adm 2 18)JE sAe e i
JERRRE, Voumis BIRE—RIRME . PRI, BKAE B MUSRAS IR O S B A ik

1-FEAEHL; 2-Ihas: 3-WRumifthds: 4-IKE: S-Humidhds, 6-itE: 7-%
.

Figure 1. Schematic diagram of pulse tube refrigerator with inertia tube
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Figure 2. Pump heating process of gas micro cluster in pulse tube

2. BKEASHHEINRRIDRE

4 NEEBE B RN BB BICE KA RS BE AL IR Z AR K R IR A
OS2 AR 2 8] AR 1 28 0 22 AR I R RONE I  A ROl 7 RBONE 2 AT F o J2 7 A R e B

2,
chnt = (1_%j f ZQJ (1)
]

DOI: 10.12677/m0s.2020.92014 127 e RSE TR

m


https://doi.org/10.12677/mos.2020.92014

XUHERE 25

Hrp, o ABKETARZEMERE: D NIKER AL f B TaER, Q N UAMIT j 1E—MEH T A

an

V2

V1

Figure 3. Thermodynamic process of gas cluster in the pulse tube
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Figure 4. Schematic diagram of composite pulse tube refrigeration
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Figure 5. Molecular dynamics simulation model
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Table 1. Number of model atoms at different temperatures under the same initial pressure of 0.6 MPa/1.2 MPa
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Figure 6. Pressure wave change trend of micro air mass at initial temperature
of 100 K
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Figure 7. Variation trend of temperature wave of micro air mass when the
initial temperature is 100 K
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Figure 8. Phase comparison of temperature wave and pressure wave
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Table 2. Comparison of molecular dynamics simulation refrigeration temperature and isentropic expansion refrigeration

temperature at different temperatures
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Figure 9. (a) Instantaneous temperature oscillation curve of micro air
mass at different initial temperatures (100 K - 300 K); (b) Instanta-
neous temperature oscillation curve of micro air mass at different ini-
tial temperatures (10 K - 50 K)
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Figure 10. Time average temperature curve of micro air mass at dif-
ferent initial temperatures (10 K - 300 K)
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Figure 11. Instantaneous maximum axial temperature gradient dis-
tribution of micro air mass at different initial temperatures
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Figure 13. Temperature dependence curve of self oscillation period of
micro air mass
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Figure 14. Temperature dependence curve of self oscillation frequency
of micro air mass
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