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Abstract: With the continuous improvement and expansion of the application scope of active magnetic measurement
technology represented by SmartMag Drilling Target-Hitting Guide System, it will be more applied in
high-temperature underground environments such as geothermal well development and deep-sea mineral resource
exploration in the future. High temperature often becomes a bottleneck problem that restricts the normal operation of
instruments. In order to further improve the temperature resistance performance of the SmartMag system, this article
adopts passive thermal management method and uses finite element method to simulate the phase change heat storage
characteristics of the vacuum flask. It explores the optimal coupling length of the heat absorbing body and compares the

phase change materials with the best temperature control ability horizontally. It analyzes the changes in axial
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temperature and phase state of the heat absorbing body inside the vacuum flask over time. The results show that the

optimal coupling lengths are 400mm for the upper absorber and 250mm for the lower absorber. After operating the

insulation cylinder at 150°C for 6 hours, the utilization rate of phase change latent heat of the upper absorber is 96.7 %,

and the utilization rate of phase change latent heat of the lower absorber is 70.5%. The minimum temperature of the

circuit board is 63.48°C, and the temperature control effect of low melting paraffin is the best.

Key words: high temperature well; SmartMag Drilling Target-Hitting Guide System; vacuum flask; phase change

materials; thermal management; heat transfer simulation
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Fig.1 Classic curve of phase change heat storage
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Fig.2 Curve of circuit board temperature rise with

thermal conductivity of phase change material
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Fig.3 Structure diagram of high temperature resistant vacuum flask
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Table 1 Simulation material setup and thermal

properties
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Fig.4 Experimental test and simulation results
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Fig.5 Diagram of temperature variation with coupling length of upper and lower endothermers



55 51 45 6 4] X BAE R R ORI T RH S AR LR PEAT 5 53

b AR K EE A 100~600 mm 28 4k, B % F
PR B B R T 50, 6 h S B 21k TR R S D
MK BE 100 mm B f 102.47 °C 3% i F 2 K & 600
mm B Y 54.28 °C, 1T UL Fifi 25 #H 25 A4 FH S & 10 3
R ERAR 1 A AR R T WIS  RR B it A R £ A B
B, P AE B R K B 100~400 mm 3 [
P, AR B 3 o e BE AR A T #E 400~600 mm
ZTE] o Ul R ) W) 98 2%, X R R T B A AR A R
B (38 R, W AR AR T BE 1 K, T SR B R R AR
&1 6 S s A [ 4 B2 b W R B [T AR AR R A 3 Rl
B 8] A5 b 17 B, b IR 3R K B 100~350 mm i [l
P B 58 4 R AR AR AR W AR O L 58 0 AR Y B ]
B AE A, N IR AR K BE 400 mm JF BR , AH AR o 7
F7AE [ AH TR 4%, AR FH 360 96.7 %0, Bl % < B2 1) 4k
SEHE N, W AR FH 2 /N, K 600 mm i v AR
AR 79%

100 |
80

60

40

AR E 40/ %

20

0

I 18] /h
B 6 WM EHEETRE 5o 55 e E 3T i &

Fig.6 Time dependent curve of solid phase volume

fraction of upper endothermic body
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Table 2 Statistical table of heat absorption by coupling length of upper and lower heat absorbers

LW RWAAR A RS E RUCRR A k) TR A /KT R WA

KE/mm  KE/mm  FIHR/ % A=/ % A g o Ak T UE5 v
100 550 100 56.20 11.77 12.28 9.99 37.96 72.00
150 500 100 56.80 15.77 18.42 9.17 34.87 78.24
200 450 100 62.90 19.81 24.56 9.35 34.76 88.48
250 400 100 64.00 22.01 30.70 8.47 31.44 92.62
300 350 100 64.90 23.44 36.84 7.56 27.89 95.74
350 300 100 72.00 24.48 42.98 7.40 26.52 101.38
400 250 96.70 70.50 26.50 47.50 6.04 21.64 101.68
450 200 91.40 83.30 23.50 50.51 6.08 20.46 100.54
500 150 86.70 95.50 23.27 53.22 5.81 17.59 99.88
550 100 85.20 100 23.95 57.56 5.25 12.28 99.04
600 50 79.00 100 23.19 58.21 3.44 6.14 90.98
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Table 3 Physical properties parameters of four

phase change materials

s i1/ AW SHRE OEE/ EHER
HHAE B4 A} OB (kI B/IWe (kge BVE/(D-
kg') (mK)'T m?)  (kgK)']
TR R [ 2 1485 1930
K AR A o s 0.73 1485 1930
MBS 4 EAs 787 2300 18.8 9580 184
HEsEmEs  — 18.8 9580 184
RIE A EZA 41.6 Lo46 0.15 920 1930
AR H A7 5 T A 0.15 785 2380
PE A EA 72.8 _— 0.2 860 2000
TR AR — 0.2 860 2000
Mk 61.82. .44 C(HFE4),
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Table 4 Final temperature for thermal management

of four phase change materials
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Table 5 Statistical table for heat absorption of

FUEH RWEHR R EEHR 6 h FWEER 6 h FUEHt four phase change materials
MAEME KRR RIR R/ REAAE REAEE - LR EUE PR PR REA
gESC E/C C BUR/Y% BUL/% - Pl /KT BGR /KT B /KT R /KT /KD
IR 64.7 5821 66.27 60.50 92.60 IR 41.19 3591  22.01 4.20  103.31
a4 7839 73.11 744 60.70 100 a4 33.09  40.00  18.81 0 91.90
fRIE A0 61.82 44 63.48 3.30 29.50 {4 23.88 47.50 8.56 21.64  101.58
it 7434 69.32  70.72 68 97 s 30.05 22.25 17.05 1.30 70.65
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Fig.8 Statistical chart of up-down heat absorption

of four phase change materials
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Fig.9 The influence of different phase change materials
on the temperature control effect of circuit boards with

changes in environmental temperature
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Fig.10 The axial line segment of the temperature

distribution inside the vacuum flask
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phase change materials and vacuum
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Fig.12 Axial temperature distribution with vacuum

bottle without phase change material
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Fig.13 Axial temperature distribution with phase

change materials and vacuum
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Fig.14 Temperature variation of circuit boards with

different insulation cylinder structures over time
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Fig.15 Cloud chart of temperature distribution

of vacuum flask
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Fig.16 Cloud diagram of phase change of upper
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