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Abstract: In order to achieve carbon peak before 2030 and carbon neutrality before 2060, the energy industry of China
has proceeded to a new stage of carbon reduction and energy saving from clean and efficient energy development. As a
clean, zero—carbon energy source, geothermal energy is facing unprecedented development opportunities. For the
scientific, efficient, and high-quality utilization and development of geothermal energy, it is necessary to develop
high-efficiency insulation steel pipes for geothermal wells. An insulation pipe has been developed with the thermal
conductivity less than 0.02, and the high anti-collapse, high anti-burst, and connection strength up to the design
requirements of medium and deep geothermal wells. The product is of independent intellectual property rights, and can
be made locally with cost reduction by more than 30% , and excellent economic benefits.
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Table 1 Specification of insulation tube

FLAE (AME /P4 ) /mm iy T4 25 2 KJE/m  K&E/(kgm ') sy A% /mm WiE/mm & A I/ m
178/124 D.E 64.24 BTC 178.0 124.26
139/101 b 42.04 BTC 139.7 101.6
139/88 40.70 BTC 139.7 88.0
114/76 bk 9~12 32.00 BTC 114.3 76.0 1600~3500
114/62 28.00 BTC 114.3 62.0
88/50 21.00 BTC 88.9 50.6
73/40 BCDAE 15.00 BTC 73.0 40.9
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Table 2 Insulation level of insulation tube
I 55 2 B C D E

SMABA/[We(mK)"] 0.04<<2<0.06

0.02<<1<0.04

0.006<<1<<0.02 0.002<<2<0.006

x3 FTEREMHNERRY

Table 3 Thermal conductivity of main insulation material

ETEp FHREEA/[We(meK) '] Al iR E/C T PooAT AR
PPR 0.21 <70 RN GB/T 18742.2
PE 0.42 <95 RN GB/T 13663
A AT 0.034 <400 TAE AR GB/T 13350— 2000
i 0.013 <800 AR GB/T 34336—2017
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Fig.1 Structure of BLD series high efficient

Wi Mz M

insulation steel pipe

w

XTI
PR/

A A A A
Convection ; | SR

| L SN e W s
L S N N

L N T
b R W

WA

Radiation

AL S 3P AL AT AL T IR AT
T % P A% 338 1Y 3 Rl AL AL BLD O R4S i 4544
Wit B A e /ME 3 R R AL A P 2K .

B B 2= ] B A LR N IR B 25 B 1 g S R
FROGF UL SO0 PR % 5 B IR R SR T ABE I, HOX 3
Tt P AL AL AT B A PR 2 (DL 1L 2) 5 Ji R AE Y
B HIMEE 1) 55 T8 1 — 2D B AR PR O T B A R

X i A2 0 DA A BRI e 1 DG B, i R R
PR HOR B R ARZE o BT 9K BE A R
R B 25 R R VR B A RBH T (BH R PR AL, B
2 — Tl o PR RE DIE S 108 %8 o 4 K 22 L IR A b [
T TIOU 25 7 52 00 e ms R T i ZALIE A . Ak )
FFLZS 50 nm JE N, = 4EQK & L B0RL 2~5 nm, fL
B A& W] 3k 99.8 00, iz M ST AT 5 35 1000 m'/
@ SRR 1) 5 A0 R a5 P A AR R AR

e
Conduction
]
.--"/---

AR ETAN B S PH AN

B &5 R

B2 SERMEYIFHAESEEHRA

Fig.2 Behavior of aerogel responding to three heat transfer pathways
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Fig.3 Thermal conductivity vs temperature of

common thermal insulation materials
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Table 4 Common steel class and performance parameters of BLD series high efficient insulation steel pipe

anl K E TR JERGREE/MPa o/ g B BE L/ Fo VR AR
i/ % min max MPa HRC HBW mm fE(HRC)
H40 0.5 276 552 414
155 0.5 379 552 517
1 K55 0.5 379 552 655
N8O 1 0.5 552 758 689
N8O Q 0.5 552 758 689
M65 0.5 448 586 586 22 235
1.80 1 0.5 552 655 655 23 241
L80  9Cr 0.5 552 655 655 23 241
180  13Cr 0.5 552 655 655 23 241
C90 1.2 0.5 621 724 689 25.4 255 <12.70 3.0
C90 1.2 0.5 621 724 689 25.4 255 12.71~19.04 4.0
2 c90 1.2 0.5 621 724 689 25.4 255 19.05~25.39 5.0
C90 1.2 0.5 621 724 689 25.4 255 =25.40 6.0
€95 0.5 655 758 724
T95 1.2 0.5 655 758 724 25.4 255 <12.70 3.0
T95 1.2 0.5 655 758 724 25.4 255 12.71~19.04 4.0
T95 1.2 0.5 655 758 724 25.4 255 19.05~25.39 5.0
T95 1.2 0.5 655 758 724 25.4 255 ==25.40 6.0
3 PI110 0.6 758 965 862
Q125 1~4 0.65 862 1034 931 <12.70 3.0
4 Ql25  1~4 0.65 862 1034 931 12.71~19.04 4.0
Q125 1~4 0.65 862 1034 931 >19.05 5.0
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Fig.4 Structure of BLD1 series insulation steel pipe

Fig.5 Structure of BLD2 series insulation steel pipe
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Table 5 Specification of BLD1 series insulation steel pipe

PR G A (SME/NAE) /mm Lk AL SME /mm K/ (kgem )
BL080051D1 76/51 2% in BL8 76 14.4
BL095062D1 95/62 27 in BL8 95 18.5
BL114076D1 114/76 3, in BL8 114 25.8
BL140100D1 140/100 4, in BL8 140 35.5

¥ :1in=25.4 mm, KA
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Table 6 Specification of BLD2 series insulation steel pipe

PRI A 9 o LR (SME/NAZ) /mm EHIpA] AL AR /mm K /(kgem )
BL042022D2 42/22 12, in,NU 53 5.0
BL060036D2 60/36 2% in, NU 74 9.7
BL073045D2 73/45 275 inNU 89 13.6
BL089062D2 89/62 35 in NU 108 18.2
BL102072D2 102/72 4in NU 121 21.5
BL114081D2 114/81 414 in SC 127 22.8
BL127094D2 127/94 5in SC 141 26.9
BL140106D2 140/106 545 in SC 154 31.9
BL168130D2 168/130 6 % in SC 188 45.3
BL178144D2 178/144 7in SC 194 44.1
BL219182D2 219/182 8 %4 in SC 244.5 64.2
BL245207D2 245/207 9% in SC 273 79.3
BL.340286D2 340/286 13 % in SC 365 122.1
#7 BLD2-1RFIRBERRSE
Table 7 Specification of BLD2-1 series insulation steel pipe
TRl 4 2 5 A (AL /L) /mm iy B AL /mm K /(kgem ")

BL073046D2-1 73/46 274 in NU 89 10.6

BL089062D2-1 89/62 3 inNU 108 15.2

BL102074D2-1 102/74 4in NU 121 18.9

BL114084D2-1 114/84 415 in SC 127 22.6

BL127094D2-1 127/94 5in SC 141 26.7
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Fig.6 Structure of BLD3 series insulation steel pipe
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Table 8 Specification of BLD3 series insulation steel pipe

A% (41 AL K/
TR i s ®w/H o Al s/ (kge

1£)/mm mm m ')
BL.073053D3 73/53 274 in,NU 89 10.7

BL095075D3  95/75
BL114090D3  114/90
BL127100D3 127/100

3V, in,EU 114 13.2
44, in,SC 127 16.6
5in,SC 141 19.6

R A o

SO4HANEE B9 45 75 i 7K 2o A8 v f JBg ol Mk 4, 3R 1D
JEHE T BE T3 /0N, AR B A A LB 5 B o 0 R AN,
JIR T SR FH BRI 32 422 1 BEORLAE ) T 7K R Ak 1Y) 1 B
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Fig.7 Structure of BLLD4 series insulation steel pipe
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Table 9 Specification of BLD4 series insulation steel pipe

PR i 5 FUAK (N A2 /M2 ) mm oo P MR /Imm KT /(kgem™)
BL073050D4 73/50 2% in,BL-3TD 73 8.2
BL089068D4 89/68 3% in,BL-3TD 89 10.3
BL102080D4 102/80 4in,BL-3TD 102 11.9
BL114090D4 114/90 44 in,BL-3TD 114 14.7
BL127100D4 127/100 5in,BL-3TD 127 16.4
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Fig.8 Geothermal energy development with closed—loop circulation deep buried pipe (taking heat without water)
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Fig.9 Structure of BLDS5 series insulation steel pipe
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Table 10 Specifications of BLDS series insulation steel pipe

1 0 4 HUR (42 /942) /mm noom B IME/mm KT/ (kgm )
B1L.073046D5 73/46 2724in,BL-3TD 73 10.6
B1L.089062D5 89/62 3% in,BL-3TD 89 15.2
B1.102074D5 102/74 4 in,BL-3TD 102 18.9
B1.114084D5 114/84 4 Y in,BL-3TD 114 22.6
BL.127094D5 127/94 5in,BL=-3TD 127 26.7
K) (U % 11) ; BLD & %] f& {4 & BLD3 % %
3 fRIBMERE ST A0 B iE A BL095075D3, HiA% 95X 75 N8O 5 il 5 #4 & %1 Fl

“hy LA O3 T A8 0T b B B I 46 BRCPE BE A 5 ) £
W, 2 %4 K SCHROT s il e T O A S A R B0 it
Jy PN E S4B HO A F BLD & 51 R 1 5
ERBGEAT T LM AL XS . 114X 76 P110 E 2P #4
AT S T 3R B R 0.00219~0.00328 W/ (me

90.00878~0.0123 W/(meK) ( W3 12) . E W] M1 #4
JEH BLD 291 S 8 0r iR 48 B R A BRI OR | 3R
57 Hb A T AR T B A TA AT PR AIE T35 E A I
I S it

F11 EZRHRHESHRETNEE

Table 11 Measured thermal conductivity of heat insulation tube of Grade E

Fe'5 NEEIREZ/CC AMEENREE/C O MERIIAR/W B E]/ (minss)  BRIEEFE]/min RIERE/[WemeK)'] Y
1 350 29 72 11:03 90 0.00219 E
2 350 28 82 7:20 90 0.00249 E
3 350 31 93 8:42 90 0.00285 E
4 350 31 98 7:11 90 0.00300 E
5 350 31 75 12:16 90 0.00230 E
6 350 30 88 9:34 90 0.00269 E
7 350 32 92 9:04 90 0.00283 E
8 350 26 69 7:13 90 0.00208 E
9 350 28 1008 8:45 90 0.00328 E

®12 REEXNSHRHBER
Table 12 Measured thermal conductivity of BLD3 series insulation steel pipe

¥ NEEIREE/CC O SREEEE/CC OISR/ W AR E/(minss)  QRIETE]/min SRAEH(WmMK)] SR
1 100 25 77 3:59 70 0.00914 D
2 100 26 72 4:00 70 0.00878 D
3 100 24 105 4:10 70 0.01230 D

2019 4%, BLD2 £ {4 (4% %5 BL140100D2,
140X 100) 7E H [ 5 e b J5z A Jmy 7K SC b J5T Jey A 3T b
TR H R XE TRz U . (f
FHEEFE 2480 m, UK IR B 7K Hl 22 3 CRAN,
AR R A IROR

2020 4, v [ H5E e b, o JR) 7K SC Ml T JR) PR

P A SRR A 3100 m, JH T B 1A Mk 2 = ep
TR 2 b LR 1 H
4 BEFE

(1BLD 51 & 30 A 48 52 80 A 3 F0 R 7= AU
[ = b o, e B B 2R S AT DLk B IS

>~ =L
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