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A Thermal Response Factor Simulating
Vertical Ground Heat Exchanger of GCHP Systems

CHEN Youming’, PAN Bingbing, ZHANG Xunshui, DU Ciyuan
(College of Civil Engineering, Hunan University, Changsha 410082, China )

Abstract: To quickly and accurately compute the borehole fluid and ground temperature, a new thermal
response factors (referred as d-function) was proposed to calculate the ground temperature response of
bore field to a unit rectangular heat pulse. The proposed model is based on the existing models for the long
O-term simulation of vertical heat exchanger. In this paper, the §~function was combined with the fast Fou-
rier transform to improve the computation speed of the §-function. Then, the response factor and algo-
rithm were compared with the §- function in terms of accuracy and computation time. The results show
that when combined with the fast Fourier transform, the g-function not only has the same precision with
that of the g-function, but also has significantly faster computation speed than that of the g-function. It
only spends shorter than 90 seconds to complete the 30 year hourly simulation of a 5X8 bore field.
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Fig.1 Approximation of heat load with rectangular pulse
FIFH g-sREy 35 CRI & i J 30120 45 21 24
BifLTEAE B A E T o i 2 AT B AL Gy 2)
SR R 1

1 J
T(r.z.;)) — T, = m;[qu,) —

q(f,fl)]g(ﬂ,r],Fo_, — Fo, 1) (4)

Kp: Fo, = ar,/H® sk Ny HIEFIRL

W 2 Jros L REE ko JA R A& A — AR
FABFEL 70 o 7 JPA Y BRASFE TR Jk b #5077 Ao
AN B BRI B B 0.y R R AT — 1 R[]
[rersr JNBYFEIE BK b BORAE T T 1Y o i 20 A =
P18 Gz 3 B2 0 0 27 0

T(ryz,r;) — T, =

1
mq(f;)[g(ﬁyﬁyF()j - F(),' 1) -

g(189779F()j _F(),'):I

q(r,)‘ q(f,-)‘

’ T, T ‘ T,

G =0 (5

.

(c) Bk

=4(1)
(a) FEIE Kb (b) B KA
B2 FWmASH-3k#GOR 3 e AT B S Bk P KGR
Fig.2 Rectangle heat pulse expressed
by two step heat pulses
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with time step of 1 hour
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Fig. 3 Synthetic loads per 1m borehole length
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Tab.3 The computing time for single borehole

. £, . 8 o
i 1L s . b, Zeng b b
B s
K/a CTD FFT CTD FFT CTD FFT
0.5 4 380 39 38 0.53 0.09 0.55 0.11
1 8 760 80 78 1.92 0.17 2.13 0.21
5 43 800 452 399 56 0.79 57.79 1.01
10 87 600 1078 796 237 1. 69 277 2.13
30 262 800 5285 2638 2 880 5. 97 2916 6.88

R4 SXSEHABITHEB B R
Tab.4 The computing time for 5X8 bore fields

. £ . 8 X
E‘éu ? A CTD IM(ngFF'I‘ CTD : FFT CTD : FFT
0.5 4380 122 109 12.91  0.92 13 1.05
1 8 760 289 243 56 1.86 61 2.23
5 43 800 2648 1346 1170  8.83 1654 10.73

10 87 600 10667 2656 7997 18.99 8134  23.09

30 262 800 89920 8201 82646 74.96 83083 87.55

F 3R FLIT R AR, 8L AT
P RS, ME S FFT 245 G & BIL
S ) K 2320 —2F 45 FET 84 ] LU4R 5
g PRI THRROR ARG RAERT AL 2 R E W 2 T
T 1030 R A K

SR Ak | IO {8 = T TS e R
T (R 35 BE S 2 3 B 0 F R ) 2 X i T
TRV B89 U R R e A A TR AT R A Ik
X EE T g sene R g BRESC 0 A5E 00 30 B L i iE 2
J& g~ PRE R0 B A T 4R T AER RO A W

FH o-pRE A CTD Jy AT B . 5E B 0.5 a
H 1 a AN T B LR, (H Rl 25 A 0L R ) 5
3G K AT A FLAE AR 22 0.5 h DL I ANREW &2
AR U R, FET A8 ok b B o-pki 4
(4 345 R L 76 T3 B FL 30 a f L P I A4 OF 34 1R
Wi o7 S 5 A B 7 s, AR FET 50954 20 #2
o 1 U AR A e AR R AR

4 R A0 BRFLN [ SR I TSR R, AR P gk

EXF LA LA Y o- e HFFT J7 g8 i fc be.

WAL 3.3R 4 P XS L AT AR

D eI H 2> B 45 FL 3 i o- R %+ CTD
TR DT g-eR B B2 Bl & B AL 5 B R
LU (8] ) 34 K 0 bR BT B30 39 AN B .

2) R ) L o A X g- R RO T R R
FORARW G X2 BT g pR B A 4 XA 2 [0, 1],
WU g~ BRECRR 43 X ] &[0, Fo L i 0~ bR EUBR 43 IX.
B HL0,AFo]; N3 1 HAFo B K/NAT LLA H 6-0R
B B IX R /N T - oA K B 43 DX Ja) PR O A
FFT Bk R o MBI T B B o

3) 4B 4Dt FL K H 22 R0 R 0L B ] 5 R, TG
W g BRBUAJE o- R, R T CTD iy 3 53 3 FE B AN
BEPRAE. WAt 0-B B0 S FFT A8l g &, B 48T
T - R B B UL B B L 58 A 40 L 30 a [ M HE
B PR LT ZEAE] 90 s AT [a].

DZRSCHR 7 6 B A A B R TR ik b R 67
A VE AT B B Bz (] 7 ——0- R 4. 0- R 2 4
FRE L Oo- R B AL X R G /D T g eR B0 AR
I3 DX TA] s @ 0- e BRE AT 3 A LA, 728 ) A B 7 A
3 i 9 P B BR AR A fer 1 & T AR TS
T BN AL RE R AR . RIS g bR R L L 0- 1R
By H s s B A B T AR KR T

DFEMIFLEG T A 1T 5 A [R] i B [ 7
ARG AR B £L P9 3L A T BE I A 31 B R 22 4 2R 3R
W, o- PR - pR R 2 AT BRI 2 TR R 0 S A
figt A AR SRS 2. BR 0 DX [ 0 52 0k 3 ) PN 5
SEAN IR ARG . B DX B A R (R AR ) R 22
K.

3) AR TR 6- ok B B R A LR e (FET J7
VR A 2 A AR R B e T B R B R T
BADL TR L A A 400 22 i LA I 1) 2 A 1 T L )
JOE A S ZE LA BB~ JL A3 Bl A I R] S 4 BRI AR
B L IR RE W 10 % B AR UL AR AR T bR v ) T
J7 3 X T AR R GBI AL  REFERLIUSE AT
JLRA HEME.

2% Uk

[1] INGERSOLL L R, PLASS H J. Theory of the ground pipe



144

W R K22 4R CE SRR O

2018 4

[2]

(3]

(4]

(5]

(6]

[7]

(8]

9]

[10]

heat source for the heat pump[J]. ASHRAE Transactions,
1948,54:339— 348.

INGERSOLL L R. ADLER F T. PLASS H J. et al. Theory
of earth heat exchangers for the heat pump[]J]. ASHRAE
Transactions. 1950, 56.:167 —188.

INGERSOLL L R, ZOBEL O J, INGERSOLL A C. Heat
conduction with engineering, geological, and other applications
[M]. New York: McGraw-Hill, 1954.:51—70.

CARLAW H S. JAEGE R ] C. Conduction of heat in solids
[M]. Oxford,UK; Claremore Press, 1947:258 —264.
ESKILSON P. Thermal analysis of heat extraction boreholes
[D]. Lund, Sweden: Department of Mathematical Physics,
University of Lund, 1987:58—69.

ZENG H Y, DIAO N R, FANG Z H. A finite line-sourece
model for boreholes in gethermal heat exchanger[]J]. Heat
Trans Asian Research, 2002, 31(7):558—567.

LAMARCHE L. BEAUCHAMP B. A new contribution to
the finite line-source model for geothermal boreholes[J]. En-
ergy & Buildings, 2007, 39:188—198.

FEOC. ARSI R TR LD] L K. W
Rep AR T ARG, 2010:26—40.

DU C Y. Research on heat transfer calculation of vertical
ground heat exchangers[ D] . Changsha; College of Civil Engi-
neering, Hunan University, 2010:26 —40. (In Chinese)
COOLEY J W, TURKEY J W. An algorithm for the machine
calculation of complex Fourier series[ ] ]. Mathematics of Com-
putation, 1965,19.297—301.

YAVUSTURK C. Modeling of vertical ground loop heat ex-
changers for ground source heat pump systems[ D] . Stillwater

Oklahoma, USA: Oklahoma State University, 1999:68—75.

[11]

[12]

[13]

[14]

[15]

[16]

A W1 sk K, A7 7 55 A5 08 Il 30 A A AU R I Pk B
BT W A CA AR RO » 2018,40(1) 15— 20,
CHEN Y M, ZHANG X S, DU L Z,et al. A heat transfer
model of geothermal heat exchangers with groundwater advec-
tion and its fast algorithms[J]. Journal of Hunan University
(Natural Sciences), 2013.40(1):15—20. (In Chinese)

AT T Uk s IR R R IML A m S
4L, 2006 47—68.

DIAO N R.FANG Z H. Ground-coupled heat pump technolo-
gy[ M. Beijing: Higher Education Press, 2006: 47 — 68. (In
Chinese)

DU C Y, CHEN Y M. An average fluid temperature to esti-
mate borehole thermal resistance of ground heat exchanger[ ] ].
Renewable Energy, 2011,36(6) :1880—1885.

FRACH AR UCTC. AR - 24 3 43 B AL R BELLT ] R
SR CH SRR MO » 2011,38(5) ;24— 28.

CHEN Y M, DU C Y. Average fluid temperature used to cal-
culate borehole thermal resistance of ground heat exchanger
[J]. Journal of Hunan University(Natural Sciences), 2011,38
(5):24—28. (In Chinese)

OPPENHEIM A V, SCHAFER R W, BUCK J R. # i i {5
AR PRLMOL XU A B [ PR VY4 . VY 4 A0 5E R A
2001.:436—471.

OPPENHEIM A V, SCHAFER R W, BUCK J R. Discrete-
time signal processing[ M]. Translated by LIU S T, HUANG ]
G. Xian: Xian Jiaotong University Press,2001:436—471. (In
Chinese)

MARCOTTE D, PASQUIE P. Fast fluid and ground temper-
ature computation for geothermal ground-loop heat exchanger

systems[ J]. Geothermics, 2008,37(6):651—665.



