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Simulation on extreme low temperature environment
with friction and wear tester
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Abstract; To simulate the low—temperature environment required for the friction performance test of polar deck
machinery, the German Julabo expert type ultra-low temperature heating refrigeration circulator FP89-HL was used
as the cold source, and a light and sturdy aluminum alloy was used to make the chambers, then two cryogenic
chambers for reciprocating friction and wear tester and rotating friction and wear tester were developed respectively.
The physical and mathematical models of air flow and heat transfer in the chamber were established and simulated
using FLUENT software. The experimental results show that the lowest temperature in the reciprocating cryogenic
chamber can reach =64 “C and the lowest temperature in the rotating cryogenic chamber reaches =70 °C under the
condition of the ambient temperature of 18 °C. The simulation results are in good agreement with the cavity
temperature test results. The environment design, simulation and implementation of the combination of low
temperature cycle system and friction and wear testing machine broaden the operating temperature range of friction
and wear testing machine. Compared to the traditional test environment which is only cooling the sample to low
temperature, the new environment which is simulating real low temperature friction conditions through ambient
cooling has the advantage of being closer to the actual working conditions.
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Fig.1 Reciprocating friction module
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Fig.2 Reciprocating module cryogenic chamber support structure
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Fig.3 Rotary friction module
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Fig.4 Rotary module cryogenic chamber structure
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Fig.7 Cooling test curves
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Tab.1 Common control equations in fluid mechanics

TR FIE R
. . p .
LR i div(pv) =0
¥ BT 9pv) + div(puv) = div(ugradu) - 9 +3S,
ot ox
y B R apv) +div(pw) = div(ugradv) — 9 +38,
at dy
z BRI a(glw) + div(pwv) = div(ugradw) - g—p +S,
z
S
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Tab.2  Physical properties of air and brine
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Tab.3 Physical parameters of copper pipe
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8 920 390 397
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Fig.10  Cryogenic chamber cooling simulation section
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Tab.4 Comparison of simulation result and experimental result

C
IE=NIZYES SRR
2551 - ‘ - :
A e AR R
AHRIR 18 18 18 18
AR -67 -72 -64 -70

32 EWIRERIEESH

SO R A R R 22 ] DLE i 2k M SULA E AT A A
LR AV BB IR BRI G 2R y = 0.014 84” -
2.205 8x + 16.876, brifiiR2E N R* =0.998 5, fEfsis
B MG 2l  =0.015 127 - 2.335 5x + 18.61,
FrUfEIRZE M R® = 0.998 4.

R? TRZEMR/INE MG B B P55 B A 4P 38, B
EFEFE R 0 2 1, XA 1. ULBARLA 1 405
FERRAY. ST R v A 1R 22 T R R T I R
TR A (A B ) ) 2 45 1R 88 6 0 140 5 i A e Ny
PRSI, S0 I3 A IR B v e 23K B R R ) I
VT 2 i VR T T R 1 B AR . BT
i i ) T B B 55 O BCERCHR AH LU A2 — 2 1R
25, TR Ry S B 52 5 v I e s ) PR R 2 PR R
5 B R [ BRAR 24 I BB 22 ) A7 A 25 8E  (H S50



.90 - Bk O Tk

PN 55 52 %

B 5 07 EURCHL B % A 3 R 5 4 — B
4 %2 @

HRYE RTEC BEEERIGHLAEARIR RS b i 1 75
KA TAERI FH 5 Julabo 4 52 750 8 A Ui i A1
RIEIRER FP8O-HL /MR, 275 % 18 T L KK
1 RTEC EEBEHLIY TP 5 R A XA T 11 s 1
SERHEA T W A A R s PRI
TEIRSRIREE A 18 CAMET , s P4 1A S IR B 33l ]
K-64 CHI-70 C. Il F FLUENT % Ji o9 T 3
AT AR AT TR B, O LA R 5 S0 i 45 SR &
K07, LT R 2 M L BR 5 A (P 75K

T R 2 $2 I 1) AR PR B AR 401 2 B S o xof
TRBE SRR ER S B, 3 AR A R R IE AL T 58 4
TR AIRES | T BUBE S B P R 5 S PR 1 DA — 3L
T A YR ATl (R T RE M 2 1o B vh A R R ) T4
[ — AN /NS ] PN 3 e 23 A T S A B e
TR ARV FIRE S 7843, MG S B 0L B S IR T
X EE A B A LR B S . 78 A SR T AR aT LA
5 R4 R N R SR A 5 i, AT 1 — 2 A AR A
TR TERE. LUt T4 ARk e 4 b v] LAE AT
RGeS T4 45 55 A TRt B 48
(1) 42 8 E e T LA 1R, T LA 7 255 pE /b 3 3 43
RIS XA T O TR A

5% Xk

(1] BREsL, K. WM A5 K 1 g 22 () U 50 45 08
[J]. MR TR R 244, 2016, 37(1): 36. DOI:10.11990/
jheu.201507011
XUE Yanzhuo, NI Baoyu. Review of mechanical issues for polar re-
gion ships and floating structures| J]. Journal of Harbin Engineering
University, 2016, 37(1) :36. DOI.10.11990/jheu.201507011

(2] A, i ST ARG 3 B B BT [ 1] RO TR

HUEE, 2015(2) ; 81. DOI;10.15913/j.cnki.kjyex.2015.02.081

ZHU Xinsheng, JIANG Tao. Research on deck machinery hydraulic

facility[ J]. Control & Automation, 2015(2) : 81. DOI:10.15913/

j.cnki.kjyex.2015.02.081

LHRE AT M AR IR T AR U R R S B B e o 5 [ ]

BEYE 24244, 2016, 36(1): 92. DOI; 10.16078/j. tribology.2016.

01.014

—
w
[

MA Lei, HE Chenggang. Simulation experiment for rolling wear of
wheel/rail materials under low temperature environment[ J]. Tribol-
ogy, 2016, 36(1) : 92.DOI.10.16078/j.tribology.2016.01.014
FEOCAE, BRI, 255 5 4 A [ 0 J3E R 355 o 80/ i) I ) B2 45 S 451
PEREWFSE[ 1] .M 5%, 2010,35(4) :24. DOI: 10.3969/ jissn.
0254-0150.2010.04.006

YUAN Wenzheng, QIU Ming, LIU Xijun, et al . Study on tribologi-
cal properties of steel-copper couples in different humidity environ-
ments [ J ]. Lubrication Engineering, 2010, 35(4) :24. DOI; 10.
3969/jissn.0254-0150.2010.04.006

(5] rum , BiRife e , 5 k0 A LA T AR A S T 1 65 B vk B vk

—
~
i

ARWFIERLT]. P EBRPIZT, 2017,12(1) :45. DOT:10.3969/
j.issn.1673-3185.2017.01.008
XIE Qiang, CHEN Hailong, ZHANG Jifeng. Research progress of
anti—icing/deicing technologies for polar ships and offshore platforms
[J]. Chinese Journal of Ship Research, 2017, 12(1) :45. DOI. 10.
3969/j.issn.1673-3185.2017.01.008

[6] BBRAE, IS IENF, X IR G, 45 M sk FREE 0BT [J]. AR,
2017, 28(2): 10. DOI;10.19423/j.cnki.31-1561/u.2017.02.010
YIN Junjun, FENG Zhenping, LIU Lele, et al . Analysis of polar
sea-ice environment[ J]. Ship & Boat, 2017, 28(2) : 10. DOI; 10.
19423/j.cnki.31-1561/u.2017.02.010

(7] Wik, BB 50, S5 BRI PREE S A UF 78 9 K e IR

[J]EEHR2A2447,2002, 22(4) : 314

GU Le, WANG Ligin, LI Xiujuan, et al. Research status of cryo-

genic solid lubrication[ J]. Tribology, 2002, 22(4) . 314

A, o =1 AR IR PR R B2 S0 R G M BT IR FE [ 1] A

R (TR ,2008,29(3) <62

PENG Nan, ZHANG Sanchuan. Design of tribological test system in

—
<)
[

super cryogenic environment [ J]. Journal of Zhengzhou University
( Engineering Science) , 2008,29(3) :62
GRADT T, BORNER H, SCHNEIDER T. Low temperature tribome-

—
=}
[

ters and the benaviour of ADLC coatings in cryogenic environment
[J]. Triblology international, 2001, 34, 225

[10]JHUBNER W, GRADT T, SCHNEIDER T, et al. Tribological be-
havior of materials at cryogenic temperatures[ J]. Wear, 1998, 216.
150

[11]JOSTROVSKAYA Y L, YUKHNO T P, GAMULYA G D, et al. Low
temperature tribology at the B. Verkin institute for low temperature
physics & engineering( historical review) [ J]. Tribology Internation-
al, 2001,34(9) : 265

[12] 246, FhILH Ut 4e, 45 B Sl g HL A R BRI 5 [ 1] 4L
PS5 s TR, 2015, 44(7) : 1. DOI;10.3969/].issn.2095—
509X.2015.07.001
WANG Wei, SUN Jianjun, TU Qiaoan,et al. Research on the devel-
opment of the friction and wear tester[ J]. Machine Design and Man-
ufacturing Engineering, 2015, 44 (7). 1. DOI: 10.3969/j. issn.
2095-509X.2015.07.001

(13 ] Wit X0 5 20, 25 3 i, 25 /DN R R 30 AR MR ARR Tt ok A 7 o)
[J]. %IR58 S, 2015, 43(9): 11. DOI; 10.16711/j.cnki.34—
1059/04.2015.09.003
CHEN Haitao, LIU Zhanjie, LI Chunjing, et al. Development of a
small cryogenic stirling-type pulse tube cooler freezer[ J]. Low Tem-
perature and Superconductivity, 2015, 43(9) . 11. DOI.10.16711/
j.cnki.34-1059/04.2015.09.003

(14T ER, o, XITAT, 4. -80°C Wrs MR IR vk A [ 1] A TR
T, 2017(5) : 65
ZHUANG He, XIE Rongjian, LIU Boxuan,et al. Development of a
—-80 °C stirling-cooled low temperature refrigerator[ J ]. Cryogenics.
2017(5) : 65

C15TRNMIRG, B e S [ 32 s bR BRI vk AR IR 7 [ ] T
B, 2018, 46(1): 69. DOI: 10.3969/j.issn. 1005 - 0329.2018.
01.014
LIU Yefeng, CHEN Shen, ZHOU Guoliang. Experimental research
of low temperature refrigerator with stirling-type pulse tube cooler
[J]. Fluid Machinery, 2018, 46 (1) 69. DOI. 10.3969/j. issn.
1005-0329.2018.01.014

(RE I )vR)



