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Numerical Simulation Study on Geothermal Field of Ground Water Heat Pump System and Solar Assisted Heat
Source System/L¢/ Tian-qi, ZHANG Yan-jun, YU Zi-wang, ZHU Cheng-cheng, LEI Hong-lei ( College of Construction
Engineering, Jilin University, Changchun Jilin 130026, China)

Abstract: Numerical simulation study on geothermal field of ground water heat pump system is of great significance to the
development and utilization of shallow geothermal energy. By building hydro-thermal coupling model of ground water heat
pump system by TOUGH2, the change trend of geothermal field and the temperature change of pumping-recharging wells in
the study area for years are simulated. The results show that a large amount of cold accumulation appeared in some component
parts of ground water heat pump system after 10 years’ operation, which affects heating temperature. Based on the above
results and combined with the field site conditions, the solar assisted heat source system is adopted for the system strengthe-
ning design aiming at the cold accumulation, the change trend of geothermal field for years in the strengthened system is
simulated, and the results show that the solar assisted heat source system can effectively improve the heating temperature.
Key words: ground water heat pump; solar assisted heat source; shallow geothermal energy; TOUGH2 ; numerical simula-

tion; geothermal field; strengthening design

Jan. 201879 -83

0 518

R K PRI RGN N MR R G —Fb
FETAR IR T 7K o SR EOR, I 2L A
5 o2 L RE , € AR MRS g (9 7 RE R 5k, IR
R FRE AR RG o T KIS
TEE NIRRT 20 42 90 4EAC a1 A
FRCTTRE AR B S, O HLE R AR BRI 4
A AT, BAVE R, Has T ieE il &, 4E 4
DS PR M RO IR R T 21 12D e
A RIS TS T 18]

e = M BABE BT IR T 26 M TR A B R 1 1

WimBEHA:2017 —09 -28; {&[E HHF:2017 - 11 -29

I B TR KPR AR R G S B M T A
1 IR SCRA R BE 5 2 A S5 W) AR AR AR A AU Y
AT AR A BLACR T R R 48 A SF- 1l 45 971 B
S B, T R RE L , XF T K IR
ABATBEAT BB AEL LA 23 M B0 L m] A5 1 1 ik
BEAREATOL AR B, 2 A T A O M) )2 A
REVE R MY AT IBE 5T F- B, Tarhouni J 25" 2 % 71|
A1 BRE ik M = e EH 5 T 2 BB R 3 A K
T35 53 A G0 S - B A o R 0 O AR, A HOoR T
BRI W A, A K PR R AT A ER
BEAFI A o ST A 26 AT 3 st A E A 1

EEUH : EHEK A RPAIESIH “ #E s R R B KIATTRT (1X) R BRLEBT " (45 :41372239) | MR AU PR Geft 2R TR 5 S IT 2

WL SRS (5 :41602243 )

EERT: ARG, I DU, 1991 4 R AR A B TR Ll , NS a R TR A T A AR SRR R BFFE , 35 AR I35 T oY R K

938 5,314381109@ qq. com,



80 B T CA L858 TR

2018 4E 1 H

DL I S iR S M sl 0 3 45 1 R K - I - T
AR, IR FEUE 2 13 K TR IR R 24
o PR Ao R b KA AR AR B0, T M R K )2
TR 37 A S W 2 A S B TR, LA A AU B 2T
IKERHIE RGNS o T B BB AL Tl g
SRR EEMES | Auburn KA AEBTHE EL T JH () Mobile
HEAT T H5 TR, 15 3 5 i K R R 7R 7K
T4 7K 2 R S PEBCHE , 0P R 272 i F5 A B 40y
TAH BRI BATE I TR

s L F Rk, AR SO T MR K SR A T H
RSN G , FFTIT 52 1X 38 P A R G R /K TR AR
R 8 TOUGH2 M BBk 1 i <7 37 o 4 1
X XS 3 4 IR 0 AT RO AL, 0 1 00 10
SEIBATISOL, HEEH N S4B 1T A R KIS KR T
W1 IR B A TR AL BIE 5, LA 185 3 i M R /K A
OISR , LA S i /K DR PAAE 2 4 10 fof P 8L
—EBF . AR 2 A E T K I 3k
WFFE X 3 AF P EE BERE, Qi KA e i) 25 B2, 95 )
M ARAT 435 5t , A LA R 6 UE A Y () A R I TR
YE TIN5 3 2 4F M IR 3 45 R, 3 S8 43 Se R Ak
BIFSE 7 1, RS A i X 2 3 4 BB T 2% R 90 H 194
AT TR A AR L AT 2R A i, B
ue MEr B

1 ITiE#HR

PRUAHE R 1L o R K IR PG I H A X, %
TR H SEPRBT AL R 155 T m® ik T
I H X558 A BC.D PUALZ AT, HF /K R
P TP AE T X PUALLH P P, 3 5 M i B2 45
T om? PUAR A RS 70 11,k T 3R 1% IR 45k
FIsF [ 8255 52 P ) b iR 37 5 () B 9 b A e AR
P2z, LA B Ja e UL 5 (58 b )2 A5 B A AR 1
AR, M B 22 Ak LI H: BE 1T 4R 3 1K 0
W, FE b K B EE AR OK & 400k 9 11,10
HA3 .

2 MITKERRRGEFEE
2.1 K - PAEEHCA BB

AR SO IFE XK IR AR IR 2R S8 A 3l 7 B (E AR AL
WFFE R A TOUGH2 4, TOUGH J2& 4 i th T 7K
M AL AL % ( Transport of Unsaturated Groundwater
and Heat) (Y3 LA, & — DAY — 4, —4E 1 =

HEALBRERALRE A T, Z A0 i (multi - phase) , 221
43 (multi — component ) N JE 47 (non — isothermal )
7K W B 4 s B B B BE AR Y,
TOUGH2' " HJF 2 A . TOUGH2 B FSE AR
Iz AR AR R AR A REAL B AR AR A
IKSC FREEPEAN MG 52 M — A8 A b S Ak b A
SRR FE A, H AT TOUGH2 K HAH 5C 1) 7
Rt B Wl i 30 A4S E K1 300 2 A4S iF 58 ML fl
™. TOUGH2 % 4% FORTRANTT i& 5 45 ,
AT LEAL B 6 Bistr, il TR (PC AL SE 2R
PMLLA BRI, R 24 A 3 B9 FORTRAN 5 ¢
#tAEIZ T, TOUGH2 HIFALHIK IR R G804 [ R
B2 AT LLOU RS B IRUBE o 7K i A4
PR [R] RUBE AT LA U3 22— B LT 45 1 B A4
Wp) . At H AT SR UL, LT =R ILIA
AT = 4E )R R 25 5 i Tk 1) . £ TOUGHRE-
ACT 7K AR 1) — M i Oy e, DL (1) o

= = VRt (1)
e M, —— 5] BT B B AR R Y Joi 6 ) R AR
i F —— il e g —— 2 T R AR AR RR
FA) S AR
XFFRIR IR ERA, W (2) ((3) ((4),
M, =‘P(51P1Xw1 +Sgngwg) (2)
F,=X,puy, +Xwgpgug (3)

Gy =qu +qy, (4)
s M, —K 9 i o——fL B &5 S——{fL A
JE 5 p— BE s X——J0 & 0 B w——ik V5 B

g0 T AR w K1 9o s g D AH

PRI FR A, WA(5) ((6) .
Mh=¢(SIP1U1+SngUg) +(1-¢)p U, (5)
F, :Z hgpgug = AVT (6)
B=lg

A M —— B U— I i A— 3 R
T—RIZ . FAFR h s S EA

AP E AR WA (7)) .

ug = = (kkig/pg) (VPy —pyg)

B=l,g (7)

K u,——BWMHEE  h——8B Bk, ERSR
AR u—HR S P JE 585 g T

N atR B MR (L A 5 ¢ ) o
2.2 WIFREIXHEE BRI N JisdT )y
BRI I PR R /N i B O 1500 m, 5E



5545 &5 1 ]

E AT A R K IR AR 2R UMK B RES B AU 2 48 1 bt 7 BB RS ULATT 7 81

J& 79 1050 m, J& N 150 m, ARYEHETE X A PR
P, AR R R B 7ERE Y R i B 70 ORI, IR A
A ZH AT H LN H R B X 70 FOR R E,
AL WL R B o

BCEAETYAE XY Al 17 24 LA B ) 7 =X
PEATHICRI T, Z SRR SE PR HLZ 25 P08 )2
Horp i —Z LIS AR 0, A XY A Z =l
7330 3 13 J2 (13 JR A 40 J=, B 1 0 i i At
R =YL

Bl HE=gE
Horpafe By [ 5 — )2 R HUZ A PR 1 Frs

x1 HERMER
25 U= REE/m Ea
1 & 0~12 W EURS £—Ry A eb
2 EIKIZ 12 ~31 2 —rfof b
3 FRi7K )2 31 ~38 Rk 12
4 AEEKZE 38 ~52 RO
5 K2 52 ~59 K+ 2
6 RIESKZ 2 59 ~ 103 ROA
7 fRzk 2 103 ~112 Ktk 2
8 SKE 112 ~150 Bz

LS PR S R Ty [ st Ay 6 1 A 5 B (AR AL
o BRI T 45 i &, o K R I E N
90 m’/h, b F KA KRB A 5 C, [ bR
JEGE FE BB AE 60 ~90 m, AR 4 M (1) 52 B B 7K 5%
e, v AR ) DU S 4 Dk R A B MR KR B A
14 °C |, [F) 0} 25 Ml N /K I I sk, AR 3 % 1, 1
BT K AAGZR 1] 1 B P4 ) G B
2.3 BUERERL A S I

HRAE F A BRI T S i, 4L 3 AR Y
Yy R S5 s . T B IR R A ME A M AR R
b SIS, R HRER 3 4RI 75 m Ak B S Rt
SRR R AT XS H, 5 3 AR Y IR — 4k
BN 2 fros (PR R AL 4 gt 28 AR R
DI B L4 I Z0 6 7 B A # it 12 BRI 2
AR AL, LN ERHF) o nTRLEES],

B AW C MR B B HERL A S
D 21 AT R i B R AR D

2 HIFHEAMNEEZ%#E

N T I RS AR AR A B R B
H A DU, e EBAS 2 AT e LA A — 100 LI
HEATOFSE , b SRt T A0, 25 i B A 1 1] 22 £k
AT —@ %, i T RIS S U
S HA Bk, BLEL A BRI ], 8 3 4R
PN R SR BE (1B 3) S REABLR BE (&1 4) i St 1
e

14

12 ot R B °
£ 10
|
2 s o S
) - SR 32k
/1 1 1 1 1 1 J
0 50 100 150 200 250 300
5[] /d
B3 3£ERAARARKASZNEERERLE
14
12 s i .
£ 10
2t
= 8 o B
6 e BB ES
/1 1 1 1 1 1 J
0 50 100 150 200 250 300

INF i) /d
B4 3FERNAHBARKRFEDNBEREREL

B.C.D Py IR L, oo B2 2R AT LA
#,A B.C.D M5 H BRI L IR B S A S
PR AR A, Bl A 4 BRI, 15
PR S IR B A 2 ) R KR -y = 0. 00124 +
12. 198 s KAL) il JEE A S AR ) BR B <y = 0. 0018« +
12. 038,

PR, 1] DUEEAS S R BB AU R H A % )
HOASEAULS FI0I By AT A e, I HL FR B A St 1 S B



82 B TR CA AN TR

2018 51 H

L
2.4 REARG5CRIETT 10 RIS R
ARAE 2.3 35 A 0 E AT LA R AR R Y v
RPEATATAT P, I R R Gia T 10 AR5 REAT il
AP IR T 5K, B LA A B AT 0F S R
oK 10 47 iR 7 AU, 2E T 70 T iX 10 AR iR 3
AR R A 1 P IS R o ) AR R
FIBRFEIX AR 10 AF- it 7 BB AE A DL , Ht B = 4
FUnE S fros

ES %10 FRAMEE=%E

ARGt = 4 (5T 0] DU R SR 10 4R
e, B .C HPLafT B 1 HEB v HERR, HL R,
AERME A, X2 T B A C A H K
TP R GER I I 4 Z I iy B AR s 7 A, X
SPELT RGO R K A G T B A4 T LA
HRPEI R R0 B35 A LD HRa 17 W FE A A2
IR B T /N 23 o BV HERUBL R, (H B A
R R H A R T A R D AT MR K
IR R GER NI I T v & TR 19 XU iz
APRE, I n] PAAE — 2 B 1P 3 7Kl 4 4l
B ahas, B IR FRE LB o 25 BRNig, B .C
AV R GO 5 F 1Y, BT LA B L C 2L AT R il
ABCRE A D AR Z 5 2K Tk 04, B
IS C AP B B N IE 6 Frs o

130 —e— BALEIRES
- a- CHPIHE

i1 /d
B6 B.CABRKH TS miRESEFLRKER

AR B CALHEE 10 4 i) B 1R it 17 45 11 LA

FARFH T KR AL R T LI 1,56 10
SEMIBE T HIIR HR 37, B2 A 4 1 S 23R 3 R R
293.9 C, P REHRETHEMRZ, K557
C;C A BIRAR I EIRE N2 5 °C L3RI
TR Z, 55 6.7 C, XE L% 838 1
FEFF B R ETRLEE 6 °C, B A s 2 AR i T K TR B2
FETCTEIRBIESE X B 5 5K, b R K IR IAE R 45
B TC AR S A, T AT % B C 4L k47
E—25 s Ak el

3 KPHEEHBNRIE RAIEITIERL

B ARG v AR B, B C LA 7656
10 AE AR I FE v, 3R /K I EE 48 J0 k6 2 g
ok, Tt FfE 28175 MR R,
JIT AT BT 3 T K IR R RN, AR iR, mI 7R
W X 37 K PH BB Sl B AR R 50, ARl i1 4 1 3% o
14 K BH il B AR 38 25 T 42 AL 1 s AR B 7
B iRt BO 5 K 2 R oK Bl T KR
J¥ R 45 C,B 5 C 41 HVE Al £ 80 m*/h,
54 ZET TOUAHE, HaKe Ko 1A RIS
DL b5 A 7 XA R TR Ry 10 4R[BS,
B 7 Rl RS 10 AR T 75 m Ab i T /KR
=K

N\ 0, 0.0)

7 BUFRE 0 FENEEZ SR

AR 5 A5 ARl B — A ] 5 5 A i Ay TR
TRE = HEP AT X AT DL, 75 R Gtas 17 10 4F
Ja,sAE R B 5 C AR BA KR HER L E &
KRR/ N T, T ELE 7 B B T PO RS , 33k
JERT IR KR BEAT AN B A5 2R 4% B 5 C 4
HIR30 R RS 2 T LA R iR . ARG AL
ZHT BRI EE R B 4L K5 C A RTRYIER I
A IR R R R 22 1, BT A T WL A stk AL
J7 SRR, BUR A TR DL 45 2L v ) 11 H 4 4R AR &



5545 &5 1 ]

E AT A R K IR AR 2R UMK B RES B AU 2 48 1 bt 7 BB RS ULATT 7 83

IEAE 75 m PRIE AL T 7K IR 5 56 A mi 0 3L B2 R 47
XFEE, Qe 8 (K9 R

18- —e— L] Lt
16 -4 - LS _ati

g/ C

I i)/ 4
8 E{LEIE B ARARRKRIF TS m RESEELRKE

B e i "
16F  -a- gL e
14
12
@)
@10
E[\a 8
6_
4_
2_
1 1 1 1 1 J
0 2 4 6 8 10 12

i i /4

9 BAFE CABRRKRHI TS m RESFELRKE

XRHIRBHBER KNG DL 3 4570 47 1IN )4 37 3t
B 55 C 41T T K il B2 A A8k 52 28 1 H K
I il 7K KRR B, B X5 10 4R
K EA BORBIER T, B LUK BH B8 4 By £l 2Lk
3 T K IR IRAE R GE I A R, 5 54 1 A2
1847 10 AR Y

4 Hig

AR IFFE X R AEAS AU 4S SR AR B AEFA R 2z
R AT B LR 2538

(1) M 3 M 9 98 M Tt 2 1, 3 S 2% 7 3t 1A
SARFFERTY X6 B 0 M s 1) e SO B A SR AR
AR SRR FE AU 5 S bl 3 K8

(2) WRIERRIX S b R 7K PRI R G 4T 10
AT 3t L TR , 45 R W% 37 M 4% 2 P B HA K
i PRI, Forh A ZH LA D 41 AT R il )N, B

LRI C 21 A et e 22 T L B AT R MUV S ALK
PG, B AN A2 10 AF A (AT

(3) AR Fha A58 25 1) 00 45 %, M) FH A BH 8 i B 44
IR ARG 2 i B 7 5 K2 BT 0K B 4
25 B R I i A 7 SRR A 2., n] UG i it
M RO , T A2 10 ARl T

SE 3K

[1] e, #HEF, SR T RKEHENIFRRR S 3ERIT].
TS BRI X3 4 ,2004,23(2) 126 - 31.

[2]  BR/NE. 3R & K 24 RE R R 7K I8 PR 3R 2 v it T oK [l
S RIFERRBUARLT]. BRI 90,2004,34(1) 119 -22.

[3] I FETHUT 3% 5 il s a Bl gl K ~ [ RE A £k
FREMFEID]. FRAIE: ST R, 2012

[4] M. H Dickson, M. Fanelli. Geothermal Energy: Utilization and
Technology [ M ]. Paris: United Nations Educational, Scientific
and Cultural Organization,2006.

[5] Tarhouni J, Lebbe L. Optimization of recharge and pumping rates
by means of an inverse 3D model[ J]. Water resources manage-
ment,1996,10(5) :355 -371.

[6] TAkGA. R /K IR I 2 Gl S B A0 A0 A B e T 50
[D]. B P2 K TR, 2012,

(7] XA, EHIF, TEROT, 5. KRGS A 5 & s 475
FErp s R AR AL ]. 7K SCHl BT TR H 5T, 2007,34(6) : 1 -
5.

[8] AW MR /K UL LA T 9 P BH3A DX b 7K 3R e AR 4L
WD AL T UL - L Bl K, 2011,

[91 37, Jumefh, MOewE, 4. TEKEHAEIIBRT]. WAL
1,2003,31(4) :57 -59.

[10] Zhang K, Moridis G J, Wu Y S, et al. A domain decomposition
approach for large-scale simulations of flow processes in hydrate-
bearing geologic media; Proceedings of the 6th International Con-
ference on Gas Hydrates[ C]//Vancouver, Berkeley: Lawrence
Berkeley National Laboratory ,2008.

[11] /N, sk A5, 75 . TOUGH2 iy & g e i AT (T ). T
FE#N%E,2009,37(10) ;29 - 34.

[12] Pruess K. TOUGH2. A general-purpose numerical simulator for
multiphase fluid and heat flow[ M]. Berekeley, California: Law-
rence Berkeley Lab. ,1991.

[13] Pruess K. The TOUGH codes—a family of simulation tools for
multiphase flow and transport processes in permeable media[ J].

Vadose Zone Journal ,2004 ,3(3) .738 —746.

e
¥
x




	201801目录_ps_0001
	201801目录_ps_0002
	201801目录_ps_0003
	TG201801正文_ps_0001
	TG201801正文_ps_0002
	TG201801正文_ps_0003
	TG201801正文_ps_0004
	TG201801正文_ps_0005
	TG201801正文_ps_0006
	TG201801正文_ps_0007
	TG201801正文_ps_0008
	TG201801正文_ps_0009
	TG201801正文_ps_0010
	TG201801正文_ps_0011
	TG201801正文_ps_0012
	TG201801正文_ps_0013
	TG201801正文_ps_0014
	TG201801正文_ps_0015
	TG201801正文_ps_0016
	TG201801正文_ps_0017
	TG201801正文_ps_0018
	TG201801正文_ps_0019
	TG201801正文_ps_0020
	TG201801正文_ps_0021
	TG201801正文_ps_0022
	TG201801正文_ps_0023
	TG201801正文_ps_0024
	TG201801正文_ps_0025
	TG201801正文_ps_0026
	TG201801正文_ps_0027
	TG201801正文_ps_0028
	TG201801正文_ps_0029
	TG201801正文_ps_0030
	TG201801正文_ps_0031
	TG201801正文_ps_0032
	TG201801正文_ps_0033
	TG201801正文_ps_0034
	TG201801正文_ps_0035
	TG201801正文_ps_0036
	TG201801正文_ps_0037
	TG201801正文_ps_0038
	TG201801正文_ps_0039
	TG201801正文_ps_0040
	TG201801正文_ps_0041
	TG201801正文_ps_0042
	TG201801正文_ps_0043
	TG201801正文_ps_0044
	TG201801正文_ps_0045
	TG201801正文_ps_0046
	TG201801正文_ps_0047
	TG201801正文_ps_0048
	TG201801正文_ps_0049
	TG201801正文_ps_0050
	TG201801正文_ps_0051
	TG201801正文_ps_0052
	TG201801正文_ps_0053
	TG201801正文_ps_0054
	TG201801正文_ps_0055
	TG201801正文_ps_0056
	TG201801正文_ps_0057
	TG201801正文_ps_0058
	TG201801正文_ps_0059
	TG201801正文_ps_0060
	TG201801正文_ps_0061
	TG201801正文_ps_0062
	TG201801正文_ps_0063
	TG201801正文_ps_0064
	TG201801正文_ps_0065
	TG201801正文_ps_0066
	TG201801正文_ps_0067
	TG201801正文_ps_0068
	TG201801正文_ps_0069
	TG201801正文_ps_0070
	TG201801正文_ps_0071
	TG201801正文_ps_0072
	TG201801正文_ps_0073
	TG201801正文_ps_0074
	TG201801正文_ps_0075
	TG201801正文_ps_0076
	TG201801正文_ps_0077
	TG201801正文_ps_0078
	TG201801正文_ps_0079
	TG201801正文_ps_0080
	TG201801正文_ps_0081
	TG201801正文_ps_0082
	TG201801正文_ps_0083
	TG201801正文_ps_0084
	TG201801正文_ps_0085
	TG201801正文_ps_0086
	TG201801正文_ps_0087
	TG201801正文_ps_0088
	TG201801正文_ps_0089
	TG201801正文_ps_0090
	TG201801正文_ps_0091
	TG201801正文_ps_0092

