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Abstract: To optimize the internal heat transfer characteristics of dry-cooled wide-temperature
range low-temperature visualization mechanical measuring device, reduce the conduction and radi-
ation heat leakage of the device, and improve the temperature uniformity of specimens, the tem-
perature distribution of specimens of different sizes was studied based on Sage and COMSOL., and
the consistency of the two calculation methods was compared. The effects of the surface emissivi-
ty of the specimens, the surface emissivity of the windows and the window size on the specimen
temperature were studied. The results showed that the lowest temperatures of the specimens cal-

culated by Sage and COMSOL were 4. 211 5 K and 4. 219 4 K, respectively. The results were ba-
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sically consistent, and the Sage calculation method could analyze the parameters of each heat

transfer node in the cryogenic device more intuitively. When the specimen’s dimensions were 3

mm X 30 mm X 2. 5 mm and the surface emissivity of the specimen was 0. 01, the temperature of

the specimen was the most uniform, with the temperature difference between the two ends being

only 0. 005 K. In addition, lowering the surface emissivity of the window and reducing the radia-

tion area of the window were conducive to the uniform temperature distribution on the specimen.

The temperature distribution of small-sized specimens is almost independent of the material sur-

face emissivity and window parameters, and the temperature difference is maintained at a mini-

mum level.

Keywords: cryogenic mechanical testing device; thermal analysis; one dimension; three dimen-

sions; temperature field

AR AR TR ) 2 PR RE 5 S5 B TR A B A
% ITER % i 4 8 53 Tokamak 7= A& (1) 5 i 3
o SC IR AT A% AR S ) SR L R R e 4
A SR G N TE G I IR T 8 5 R RS IR
I DT 52 M 8 5 R AR I R is 470 . S AR R
Ui FE (4. 2 KD R 47, il B2 b ok 0 2 PE g
RAEBUES R S R ORE R DL B 2k B AR Y
AP Je B 75 TAEIREE T 19 71 2 M g 2 (R E 8 5 1 14
LABATIEZEFE RS HeAh, bR A% IR P RE AE
L2 L R VB AR IR A7 2R 0 M RE M 55 1 A
ST RZEE R, MR TR 5 MR
By AL SUEE RE 25 R B LA R M L T Ak 1 3R 85 3R
AR TEARIR R B R S =R T
BRI R 4 JE b RE R 9], 1O ST O I 4 R
TEAR IR T A A 847 B W) 5 5 B A0 N7 7 R 4
JETEARIR T 5 & A R MM 1M 316 LN AN 85 84 44}
FEAR I35 b ) 25 2B Ry ) 5 5 EC R A A L TR Ik
T BT AR R B AR AR I R A AT

FE R RE 8 A8 T 00 3, A7 R N AR 2 £ I DU A
KB P O L AL 0 O A R
IO AR D i TR O . P AL S AR T A2 D B
B GRE RS I 52 M K, HLIW 95 BB A B, 6
s B AR W, AE il R B A2 B 2 BRI . 4L
T UG A 5 (DIO) S 27 i 77 22 3 5 % iR AR B
A BT UG R AR BT 24P B A I3t 3k, T LAK)
TRE R AT R A s A AR S AR
T 7 2 M BRI R S B R A T £

T ¥ 3D-DIC $2 A #1064 R 9 A% I 22 TE Il
B 2R R 4R R T R AR B EUR B AR B
Bi . HAT B AR IR 2005 3 A 35 A R I A A A
FIE VR AL V2 2079 Ah J7 o AN VR AR Ve 204 4 Wi A
(4.2 K) A (20. 3 K) JRA (77, 4 K) AR AL K 8&

http: // zkxb. xjtu. edu. cn

A1 KO A5 X AN ¥ ) Jr 2R 38 2o A1 A 1) v Ak
TN AR B BB W IR R AT E 0 AR AR IR
T 2 R A 3 1) B0 IR B AL it 5 AR R L AR R
AR AT A 23 5 | A 37 5 238 9 78 Ak, DA feff AH AL
BB R BT, 52 0 DIC Jy i 0 5 09 o
P A LA A 20 A A 88 1L O SR AR
JEETE — 2 T Y PR P o L nT R L AT 4R b RIS, LG
T R AR T AR SCR Ve BLA H Y
5 AR B A L2 T A TR IR A BT . B TR TR
A B OGRS AR AR TR RIS N T B
DN 5 55 50 L 6 4 P it L FL I PLZE IR TR R 2
BERYE AT R, T e S AR IR R WA MR T 2
PERE 77 P HEAG TR 3% B N A T $A  e BC O Y
RN Tk e

KRILE AT 4.2~300 K L IX N B 72
P R DU A P0G T 2 5 A L AT 45 4 L O R 3
HEAT T AL BT B A BT 5 LUk 6 DU 58 % 52 rp 453
ZEMAERERIG T A FFHMNEHT
COMSOL . Sage FAFXHAFESEAT L T B B )5 5 4%
B EG T WA T35 2 IR 23 A, I 3 F Sage #F
8 TR R GRS RSV 1 R R
S5t AR TR 2 A 1) 52 ), Ok A IR B rp AR B gy
Br 5t E RIS %,

1 WEFER G BAL PR A or B

ARSCHARIR DIC Jy 2= e IR &R 48 9 45 0 2L
B AR A B By 2, 7 B AT R A AT
1.1 HRIIH

A b fdi 19 3D-DIC J624 iR R 58 =% il
P 15 e S B AR AL 6 4Lk, Hrp DIC I &R
48 F BEALFEEE R R G 6 R A R B
PG AL B 2R 5, 2 AR 7 G4 iR 22 1 1Y) HICBRE 1]




124 W % oz M

PN

857 %

50 3 AR AL e R 2 ER R b, o S AL P i 2
T EMR AL B 3R G0 AR R AT A DG T e e, AIRRL-
DIC Jy 2= Bl X 8 45 4 B H AL $AOC FRom = B a0
VO TN S N K 1 W = R = K 7 W
WP T HAE H . —4 2K 50 mm X 230 mm 4
EAPERIEE T, 55— AR @50 mm 1Y B A7 9 3
BEH, BB EASEATIA 1.3 X107° Pa, FE
DU T 7 28 50 W O — )23 W % % 13 F RGO 3 P &
AHAILAE B8 B J7 1] L3l i P2 AR TR 1 1 52 15° ~45°%)
TR R AT EGCRAE  1FDO6O0 TEE o P)2 [BDE
AR R R 4 5006 . IR ) 27 Dl 4 N
FERAE 1(b) R, s B g 5B,

AR ~
S

Wt - R

<L O/ i
L
o

N WS

() fIGIR-DIC %% & 4R = #

| L

ldez.z
| |

Ilandz,l

| ==
| Erad2-2,

(b) % B N R TLAT 2540 B AL 106 RN B
BT RGE-DIC 2 PR R e B 254 e A% A 5¢ &R 7R T 1]

Fig. 1 Schematic diagram of the structure of the cryogenic-
DIC mechanical testing device and its heat transfer re-

lationship
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Fig. 2 Heat transfer relationship diagram of the internal

structure of the device
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Table 1 Thermal conductivity parameters of materials in COMSOL model
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Fig. 4 Sage model of thermal conductive components in

cryogenic mechanical testing device
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Fig. 6 Simplified diagram of thermal resistance in the device
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Table 5 Heat load of the second cold head of the cryocooler

calculated by Sage software
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Table 6 Temperature difference between the temperature
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Fig. 8 Effect of specimen size on specimen temperature
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