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3D Fast Multipole Boundary Element Method Analysis
of Heat Exchange Performance of Buried Pipe Groups
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Abstract: Based on the 3-node triangular linear element and to overcome the element cross-leaf integration
problem, a new 3D fast method was formulated for 3D potential problems through combination of the fast mul-
tipole boundary element method (FMBEM) with the semi-analytical algorithm of nearly singular integral, to re-
alize the accurate calculation of the nearly singular integral in the 3D boundary element method ( BEM). This
method is applicable to the heat exchange of thin-wall structures of U-type buried pipe groups. In the cooling
and heating conditions, the effects of the wall thickness of the U-type buried pipe group were analyzed by
means of the new FMBEM, and the thermal interaction between multiple buried pipes was discussed. The cal-
culation results show that, for a constant thermal conductivity of the pipe wall, the thicker the pipe wall is, the
greater the effect on the heat exchange between the pipe fluid and the soil will be. For a constant borehole
spacing, the bigger the number of buried pipes in a group is, the stronger the thermal interference between the
pipes will be. The main strategy to increase the heat exchange of the pipe group is to reduce the thermal inter-
ference between the heat exchange pipes. Due to the accurate calculation of the nearly singular integral, the
proposed 3D FMBEM can effectively solve the 3D heat exchange problems of thin-thick coupled bodies. This

« WFEHHE: 2022-06-21; 1&iTHHEE: 2022-10-13
EL£WB.: ERBARBFELSHHE(11272111)
fEERNY: RTK(1997—) , %, M+ ( E-mail ; peytonsong@ 163.com) ;
WISRZE(1975—) , 9B Rz 1 iR S0l GEIRYER . E-mail: huzongjun_1975@ 163.com).
BIAMN: KT, SHEE, Wk, 4058, =it S B ok i b A B SRR BB [ T ], R B A 2
2023, 44(7) ; 797-808.
797



798

N % % M4

L,

0 5l

Key words: U-type buried pipe heat exchanger; nearly singular integral; thin body; heat conduction; fast mul-

.

method and the results for the provide references for the engineering application of buried pipe heat exchangers.
tipole boundary element method
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Table 1  The U-tube buried pipe design parameters

number parameter name value unit
1 borehole depth 50 m
2 borehole radius 75 mm
3 U-tube pipe outer radius 16 mm
4 U-tube pipe inner radius 13 mm
5 shank spacing 100 mm
6 soil radius 1.5 m
7 U-tube (PE pipe) thermal conductivity 0.4 W/(m-C)
8 fill material thermal conductivity 2.4 W/(m-C)
9 ground thermal conductivity 2.0 W/(m-C)
10 inlet water temperature in summer 35 C
11 outlet water temperature in summer 32 C
12 inlet water temperature in winter 7 C
13 outlet water temperature in winter 10 C
14 undisturbed ground temperature 18 C
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Table 2 Heat transfer fluxes of buried pipes with different wall thicknesses (unit; W/m)

cooling heating
wall thickness
Q; o, Q=0 +0, 0, Q, Q=0 +0,
0 —29.466 -17.230 -46.696 20.433 8.205 28.638
3 —28.081 -13.300 -41.381 20.061 5.300 25.361
6 -21.922 -15.910 -37.832 14.640 8.548 23.188
8 -18.118 -14.471 -32.589 11.826 8.147 19.973
10 -15.927 -13.017 —28.944 10.332 7.407 17.739
without wall thickness temperature 7/°C wall thickness is 10 mm  temperature 7/°C
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(a) Calculation results of temperature during cooling
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(b) Calculation results of temperature during heating
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Fig. 6 FMBEM calculated temperature distribution diagrams for different tube wall thicknesses
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Table 3 Heat transfer fluxes of 4X4 pipe groups for a wall thickness of 3 mm (unti: W/m)

cooling heating
heat exchange
tube of No.@D  tube of No.Q)  tube of No.® tube of No.@ tube of No.@D  tube of No.2)  tube of No.® tube of No.@
Q; -7.901 -10.999 -11.640 -14.856 6.055 8.218 8.390 10.352
Q, -1.530 -5.077 -5.637 -8.999 0.379 1.822 2.216 4.275
Q=0 +0, -9.431 -16.076 -17.277 -23.855 6.434 10.040 10.606 14.627
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Fig. 7 The 4x4 pipe system’ s FMBEM model

SRy T L A A AR (B P FARE B S ] 9 45 T AR I FD TR B U RIS 5O R @5
IR dxa B RERAAT AR (X e B B 9 AT, i TR, 5 B U AL A B R R B 40.607
W/m AL, 4x4 B RER BN R Rl 266.556 W/m, 321 T 556.43% ; R T 0T | 580 U AU 345 o
PRI 24.883 W/m AL 4x4 FRERY ARG A 166.828 W/m, $#&5 1 570.99%. H H-7E il %
T BB IR IR IR 9.431 W/m , ML T 5 U AU M3 A e 0 BRI T 76.77% 5 7E I3 T 00T B9 A7
RGN 6.434 W/m  FHETH U RIS G FRAIR T 74.01%. M - AE RIS T00F 19 3007 TR 8 4
T4 23.855 W/m, [LER U e FRAIR T 41.25% , I 00 A B0 R A 14.627 W/m, L U
PR T 41.22%.

HT DG AT U0 % M A A IR I 5, B30 XA A I B AR A S O T P XA | R4S N R TR
AHTRI A J& 3 XS A AR T 8 A R 7 i O XS A5 A2 31 ) 5 IX s B A P 4 B S i ok, S+
v DX S A e AR AR AR

temperature 7/°C

! 4
32

— 30
=28

(a) ¥ THLRT FMBEM 38 45 SL3 BE 40 A 151

(a) The FMBEM calculation results of temperature during cooling
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(b) The FMBEM calculation results of temperature during heating
B 8 4x4 & 8E FMBEM 14 8 /i
Fig. 8 The 4x4 pipe system’ s FMBEM calculated temperature distribution diagrams
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Fig. 9 Comparison of heat transfer fluxes of 4X4 buried pipe groups
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Table 4 Heat transfer fluxes of 4X4 pipe groups regardless of the wall thickness (unit; W/m)

cooling heating
heat exchange
tube of No.(D tube of No.@ tube of No.3) tube of No.@  tube of No.(Q) tube of No.2 tube of No.3 tube of No.@
0, -9.768 -14.009 -13.776 -17.944 7.966 10.579 10.447 13.002
Q, -0.519 -3.829 -4.128 -8.281 2.320 0.337 0.535 3.079

Q=0 +0, -10.287 -17.838 -17.904 -26.225 10.286 10.916 10.982 16.081
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