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Calculation of Soil Temperature Field of Buried Heating Pipeline Based on Body Fitted Grid

ZHU Tingting, ZHOU Heng, SONG Cunyong, LIU Xinghao
China Aviation International Construction and Investment Co., Ltd., Beijing, 100120, China

Abstract: Buried heating pipeline refers to the transportation pipeline transporting some heated medium. This kind of pipeline is very
common in engineering, such as hot oil pipeline, heat tracing pipeline, heating pipeline, etc. The thermal calculation of buried heating
pipeline is very important for its optimal design and safe operation, and the calculation of soil temperature field is the key and difficult
point of thermal calculation. In this paper, the numerical simulation of soil temperature of buried heating pipeline is realized based on
body fitted grid. The details are as follows: (O The physical model of soil temperature field of buried heating pipeline is constructed;
2@ The Possion method is used to generate the body fitted grid in the soil area; 3 Based on the body fitted grid, the finite volume
method is used to discretize the governing equations; @ The discrete equation is solved by TDMA block iterative method, and the
temperature field is obtained. The test example shows that the method introduced in this paper has high accuracy and good robustness,

and has certain engineering value for the thermal calculation of heating pipeline.
Keywords: buried heating pipeline; body fitted grid; soil temperature field; numerical simulation

515

SN AV TE R T IS SR I T K IS T
XRETEAE TR AR WL, mah &l AvEIE. ft
A T RN BT AL R T IR, A
LR AU AL R P IR 1) BIAT ) HO BE 2 IR BRI, I FEFAEAIR
B R SRR TR R . e T iE ™
IR LIRS, 2 SBORARM R MERE ETF, ATFEZE R
(T, XIS LT IEr AR 2 5 AR 2 i (1
mUA, R BEE, FECLEmIE, PAERE SN
Wro DAk, Dy 7 G b e, SN IAE LR i RniE
A7 vh B 5 AT MR R T

X R OL N IAVE B AT, B R A R
BERAN ARETEBMERRE, FEEREENE,
A DA 2R A O T B TE T AT AL B AR B IR
B B TRRA, LR ZA S BUE BT VR B
AL HRE AR . (HiZA X BE M TR, Kk
FEARRR S B B o RAS SCik b AR T Ak
R 3 BAERAT ARSI TH S, BRI A R

Copyright © 2022 by authors and Viser Technology Pte. Ltd.

REPREAR 8935 B AR HSE 1)

N T FRERARRRS TSR R R, B TSR T 2
e, WHFEN DUR L 5INBIIX — [ Ut o 7205
b SR B I AVE B AT X, Wi E
(EAEADL AR SRAGR X Ik o M B R T T 5 (X A p e, —
2, TNEE R B AN RO R, BN
PR — 5 AR A I 3R 7, R XL R T IX
s RGN R PR R I B T
PASM I XA S AETE IR TR0, TR A2 X A
AN IX S0 TR XSS ANBE AR G S A5 TE T A [ A
INIFVIR SIS (22 57, FETE AT TR X S AR AR 2 SR

B E A2 X5, AT AR P BBV 0 T3, %)
ORI (CEEDA0) (IR HAT B SRA#.
SR BB R R GE " AR ML R IRABIL
FESRAF H SRR L )5, FEAS & A A A% 25 R DA S S B
(AR A A B AT S DU AVE TS 1 AR S T B
U, R R I BE AR Sk TE HA T T
HREARI I B RSP R . A SCAE R B A |, BT

109



@" VISER

HR TR SR - 2022 5543% 28]

Architecture Engineering and Management.2022, 4(2)

WIS, KA PRAAAE, JE g SR LB 1 R
PE AR RS A AR RE AT B, xSt i I S K A 7t
TR —E TRME-

1 HIBER

BT 45 7 R g S B T R T R s A
MRORGOE TENRNB SRR, bt
SR 5 7 PR B R AU AL A 1) L1 S A, AT AR )
T TAR R LA IER B, b TR EGE: (D
E Az PR g IR, RO IR 535 (2)
THONE FFETERI S (3) SIARMIIEX, ik
ETER ) IR X AR 10m PLAY

I«—xmé@:&é‘i&%——'

|
B EEEREE

BT R, HREE 1 Pos XIS PR, TG
INFE TE RGBT AL BB CILIE] 2). XTI 2 fir
P RISRAFIE, AN SCHUCR P G R A BEAT SRR, P L 7 22
2 P IV ER X SR e B A AR B R I TS IX I L

H
] 10m
Y8 >
) &
Ts hs-
i

wT

T=const v

B2 fEitENIIREEAYERER

1 =0 T, H,
6| T, H.
a=0| 3
5| =0
T=const

4

B3 MR T TIRRE IR R

110

3 gt TGP AR OB, 18] 3 SR A sski 5
5K 2 AT B R, M, AR 1 A5
XN 2 H 2e i S AR R AL s S 5 6 X REIE] 2 H A i S
IRAL; AFF 24 3+ 4 RIRNIE 2 L AR

I AR A BRI PR32 ) e <

or 10|41 104
g Rl ]

(1)
o,
aA=X Y, B=XX VY, =X Y =X Y, VX,
(2)
WG4 AL bR R 10 261
al, - pT,
ST 1A S —/1‘?—(1’:0 (3)
7T _ﬂTg
ST ih 5 2 A= =h(T,-T) 4
T Ia St J\/; 4)
al, - fpT
e S
XFFIaA 3 10 (5
XTI 4 T, =T, (6)
al, - pT
T3 Sy 7=h(T -T
*TFia 5t .]\/Ol_ o(To w) D)

bR, He, o RhdEsseE, kg/m®; C oLt
A, I (kg C) s T AHLHEERE, C; A NIHESHERLL,
WI(M=C): & MMHAALER RITREALER, 77 A AR
AR N I IR RS, W (P2 C); T,
KAUE, C; oA HIRRIRRR SRS,
W/(m?=C); T, ihifikpE, C: h Muhifnese it
i R4, W1 (m? < C) ; T, Fon Ml 2R, C a
BT AT S5 2 X P 3 DX e e R S ) Lo

2 KfgiLiE

SR FE B AL, 7 iR IR R b 1 3 AR R, 4
JE 2% 1) 55 00 ) A b SELR IR 3, Tl — R AE TR
BOS _ERE RS R, i — 5 A S e 3 A T e
B, bR AR 2 1] 9% B B B 2L, SRAR T 2 STtk
BT PR SRS 5% 515 K3 M o DR SR s A 3
G TR R B OB B O AR A R IR,

2.1 MRS R

AR I 2 1 B AR )y R i (8 W
o T 5 A A R R KO Y 32 SRR A Y A A AR AE R
SRR IR BRI B AT, N TER A, W
S TID B B0 SAR SCUERR T N TR, 1%
TTHAT PR A B R A AR AR I B o 23 7 R L
AR (8) PRI Posisson JiFEHs I RIS B .

S +&y =P(E7)
N+, =Q(&,7)

Possion J7F&:

(8

Copyright © 2022 by authors and Viser Technology Pte. Ltd.



HA TRE G550 - 2022 454% 521

Architecture Engineering and Management.2022, 4(2)

@" VISER

For P, Q D] s R ok K, AU 1 A R S A
Eiﬁ,mﬁkﬁﬁ

P(&m) = }:a

5 T Si gbulédnl g ailE=E) 4 (- )T
\55\ Zqﬁf\
$- é bleal N S—6 @ ail(E=8) 4 0r-m )T
en= ey T
(9
b, L MR LE (S,7) J7 1 7 SRR S5 2650 L
NG TR s, (6m) AstR, RE
8, 0y, 80,0, G Oy g3 o i 4k 0 7 7 52 1) R
X%ﬁ(SHﬁ T 2R A A7 3 DX Sl B ST ) ) T B
SPHX N R R (BPE 2. B 3 Z ST NI R) i
ML TR, ARG RAARZE3E, #(8) BEHUKE,
RARIFE] E AN SAELE, X LS (A LA IF B R
MR MRS e o B 4 25T, RAX — AR
TH R N AR 8 1 R R I W AR A

0‘ ‘1‘}‘2‘ ‘3‘ ‘4”g‘} é‘ ‘7‘ ‘8‘ ‘9” EI.C
B4 EinAEE IR MR
2.2 BIEEHEL
AR A PR BUE AT P20 5 R ) B L, FLHEAC AR
B R R 0 N — RPN E R AR, R Ay
it (A3 T RER R — IR ), (15— B EO
. A BRAEE A S HOd R B SO 2 8Os e 2H
SPAEPESF I 5

5 MEMETTETEREE

Copyright © 2022 by authors and Viser Technology Pte. Ltd.

Bl 5 gt TSP R ) ARSI RS
fosER AR P (D R

HIA ngcdrdfdn [ 6{ oT. - fT, ):ldz‘dgdiy

S 6[ (T, mﬁ%mam

(10
i
T -TJAéAn [A 1 x 1
%:[E(W—M A"‘[i(“Tf"’T")LA”
L2l
1D

LA =D A
Ao =ATe + ATy + ATy + AT +B
A=A+ A, +A +A +pc JAEAD I AT (12)

o

_|aAan _|atAn AL _| AL
s AR AR A

e

n 1
B=;mpJA§An/AfT°—{(%?T}An) +(%?W;A§J}

(13)

E BbR 0 ROk BB 2, 1 RORUETI Z .
FHEOLN AN T IS, A5 R AS =An =1,

2.3 ek

Wil T R R HUS 215 38— MU R Ax =D,
SRARIXAN 5 FRLE S B R AT BUE A B 5 — A
HERT, HHE A Jacobi 4. Gauss—Seidel &
AR TDMA 857530 5% AR S H SR FH I 4 D e (1 I 38 ——
I AR XA A — AN R A IR A, I T TDMA 792K M
TDMA J7 921 SR gt ik F2 HL A4 L Sk [8

3 HIEEEIHESERRIIE

N T AR A S TR 7 VR A BT G R IR R, AR
BT —ANWREH, AR RS R I EET
OpenFOAM 11545 JLidk T T bbb, —H AR, AR
FAZMEAR X #4,  OpenFOAM K IR AR S5 /AL M H% o 7
THEE, BSOS MRS E 9 3556, OpenFOAM KA (1M
FECH Oy 53456, Ja# MR %, NI AIA RIS TG
TR HERF A o

MR EIEHYE 1. 3m, 42 0.513m, TIEHEF
1000kg/m’, THEELIZS 2000 J/ (kg + C), HuZ [ KA
TR Z K 150/ (' “C), KAIRE 0°C, W FIE BE
Z AR R 75 W/ (o’ - 'C), WFRIRSE 50°C,
THEE R 5°C, TIEYIIRIRE 0°C.

Bl 6 g th TS B4 T, EIEIET 3 K. 20
K~ 50 K. 160 KEFH - HEE AL OpenFOAM 11545 51
FRT B K B HRBRATT AT LUK IRAS I T2 7 WRRS S5 A7 B 1 155

111



6* VISER

HR TR SR - 2022 5543% 28]

Architecture Engineering and Management.2022, 4(2)

T R oI AZRTFAN OpenFOAM AR&5 H AL RS IR % 15 5L T 58
AAARISE R, T UL T ARSIV I HERf 1 .

4 )

ot ek

- T - N B S R
LARARR RARRS RAARS RRARE RRARY)

b & 4 & &b A b b - o
LANARE RARES aRAR}

50 K 160 K
6 MREH—hHEEZEENT (A OpenFOAM 1
BHER, EEARTHEER)
4 &g
B RGBT BT WA A% S0 HE b 0 #4818 -
BRI ENERE, BEAREISITT: (1) TSR M
SEPRR M I FAVETE 1) R B AE N o, ARYE IR A

112

TEIE DL, AL AP, e i AL bR AR RS T P

TH] b (R SRl s L0, A M AR A%, R F AT PR R,

Bih T BN BT BE, SRFRETTRA,

PAFHRE . (2) BRLMBREEI AT A, T AR

% SR HIL I AER I 1) - S90R B 3 (9 5 V0 B AT R R AR

PRI, RO R T InE B I 1 5
(&3 3k]

(%R #E. ZEEEREERBEARLLRE] FEL

A2 A, 2002,4(6) : T1-76.

(2] # %% mumTE Rt 5EEM. RE: FELBAYF

WA, 2011,

BIkER. EhAMEHEFREFRTIBHFAR ] BA

32,2004, 23 (12) : 33-37.

(4148 M. 42 0 i v & 38 o A IR JE 7 B9 B EAE L (B

Z i >0 [D]. & 78 T 8 A W e, 2003.

[(5lok#, 2. AR TEITEEM A HEELIEEEY

[J]. i 7% i T K ¥ %), 2004, 24 (2) : 38-41.

(6] F, 28, 5k B &, 4. 8 ok & TR B W 15 i

mH R I R4 EHOAR, 2009,5(3) : 192-195.

(7158, 28, KHE, 4. RE@EEHESHREBEHFH

Bk AFRI]. A EFR,2007,28(5) : 149-152.

[(8]M % HEEH/RF (F-H [D]. AL ALXRAA

2 W IR, 2001,

EZE A KBE (1989.4-) 4, BRAR: B TRIF,

LA mAEEEL,

Copyright © 2022 by authors and Viser Technology Pte. Ltd.



