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Abstract

With the rapid changes in science and technology, pulse tube refrigerators are more and more
widely used in the field of cryogenics. Based on molecular dynamics, this paper simulates the os-
cillation process of the high and low pressure He gas in the pulse tube. Aiming at the compression
process, the changes of the axial temperature wave, velocity wave, pressure wave and mass flow
wave of the pulse tube over time are studied. The temperature change of the cold end of the pulse
tube with time under the deflation frequency was investigated experimentally. The results show
that the gas temperature and velocity at each point in the model change periodically with time in
the form of a sine wave, and the changing trend of the temperature wave is consistent with the
experimental results. The pressure and mass flow phase difference between the cold and hot ends
of the model are different, indicating that the micropulse tube itself has the ability of phase mod-
ulation. In addition, the experimental results show that the pulse tube itself has the best charging
and discharging frequency, and an appropriate increase in the frequency value is beneficial to the
improvement of the cooling performance of the pulse tube refrigerator.
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Figure 1. Temperature distribution of compression and
expansion of basic pulse tube
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Figure 2. 3H-6L basic pulse tube model
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Table 1. UFF potential energy parameter
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D,/Kcal/mol RJ/A
He-He 0.056 2.362
Fe-He 0.027 2.637
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Figure 3. The temperature variation diagram of each point in the compression process model
with time

B 3. EfRdiEREANE IR R E L E

K 3 G R A P B IR L R I TR AR R I BT AR M, P T AIESZ TR 2
SRR A, ¥ b ) S A SRR o R IR OB R, A HA i R P S R LR SR — Ny 2 — A
AL, XA OB FENI A6 R 220K, A A B IR IR, i BT 2 B IR A S A 5 T
T o

Speed(m/s)

time(ps)

i 900 =Rili 2500 —— %%

Figure 4. The velocity variation diagram of each point in the compression process model with
time
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Figure 5. Phase contrast diagram of pressure wave and mass flow wave
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Figure 6. Schematic diagram of single-stage G-M pulse tube refrigerator
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Figure7. Variation diagram of cold end temperature with time in pulse tube experiment
7. BKE LIS iR E BB B 1L [E

K7 B AES AN TR, KB ImiR AR R TR, WA FRZERCURER, s
NN F R o AR/ NI VT A, A 78 T8O R g, T 1 v M LA il P BB
(7] it P2 P A28 Ak A S BB PR P % o (HIKR B — 8 IR U TR DA I T R AR A AN AR 4
IR . SEIRZE RUERWIB XA R RO T, AR S 7e iU O, 3 & R A B A L 7S iU
AR L E, G AIVEE A, SRR, AR TR AU PERE R BE . (H Ik B H R
PR, PR EIGINXHA ROR AT A B35, aAh RIS S L5 18, STl 38 0 2 Ax ) g

X K 1) LAE 2 AN FE TR U R S 45 RHEAT R B0, 2 Al LA 8(a)~(d), B4R, TR 5 A
VESRG WA, RIESERAR . BRIV s il B2 AR 5% 26 4R35 B 30T B AHEL TR R, seie s R &
o e HLV i B A IR E AR A A AE — TR I BRI R, 2T G-M B HLES T RFEEI S SRS
F 3, T REAEL R I A R EE AR A R B TR I ) 22 B E IR R e (LR I J S 1 IR 9 AR A 45 18 S A
LRI ALY -

279.1
279.05
279
278.95
278.9
278.85
278.8
278.75

278.7
4.5 451 4.52 4.53 4.54 4.55 4.56 4.57 4.58

time(min)

=—(.5Hz-1.2MPa

temperature(K)

(a) 0.5 Hz~1.2 MPa

DOI: 10.12677/m0s.2020.93032 319 e RSE TR


https://doi.org/10.12677/mos.2020.93032

MR 4

273.5
273.4
273.3
273.2

1Hz-1.2MPa

temperature(K)
[\
S
W =

272.9
272.8

272.7
13.14 13.145 13.15 13.155 13.16 13.165 13.17

time(min)

(b) 1 Hz~1.2 MPa

2.5Hz-1.2MPa
273.3

N
N}
e
o

273.1

[\
~J
w

temperature(K)

272.9
272.8

2727
2.65 2.66 2.67 2.68 2.69 2.7 2.71 2.72

time(min)

(¢) 2.5 Hz~1.2 MPa

271.6

271.5 = 5Hz-1.2MPa

NN
3 3
= =
w N

temperature(K)

271.2

271.1
3.2 321 3.22

time(min)
(d) 5 Hz~1.2 Mpa

Figure 8. Variation curve of temperature at the cold end of the pulse tube with time at various
frequencies
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