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A Three — Dimensional Numerical Model and Experimental
Research for U - Tube Ground Heat Exchanger in Heating Operation

REN Xiao — hong, SUN Chun — wu, HU Yan - hui
(College of Urban Construction and Environmental Engineering, Chongqing University, Chongging 400045, P.R. China)

Abstract: In terms of the theory of a transient energy balance on the finite controlled volume, in this paper, a tran-
sient three — dimensional heat transfer model for the simulation of a single vertical U - tube ground heat exchanger
based on finite — difference methods is systematically proposed. The model is also compared with experimental re-
sults during the heating operation in winter. What' s more, based on test data and domestic and foreign literature,
the equations to determine the undisturbed ground temperature for wet and heavy soil in Chongging are presented.
These formulae are essential conditions to calculate the heat transfer model.
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keg/m’, L3 9211 J/kg C, B EK 2.035 W/m C, BB EH 9.2x 107" m¥/s; AR LRI H N R A
TRCEHE U REBEM HEEESE,SME 25 mm, 742 20 mm, BE 1 019.1 kg/md®, SR FRE0.45 W/m
-C;EAREN F KK (14.5C), FHE 999 kg/m’, et 4 187 J/kg C, FHFE$ 0.585 W/m* C, FBE
B1.39% 1077 m¥/s, BHREE 1.17 x 1070 m?/s, HBAKFE 8.395, HZELFTHT T 3 MA KA
PR, BN A SR I IR R A B HGE IR . RS s IR B3R H 3 2002.11.01 ~ 11.30,
HERARNR 5 YA By B AT, S5 — 2 58 = B B b T 384 e 38 43 BI7E 700 Lk, 750 L/h 600 L/h =F i
BT BEEHEFRKETIABERS:7)#ETIR, REREERET RANH RERTR, &~
FRBALHE O, BT U B M2 R EFGEIT LR G EH 5:7) WK, &M B AEERAE L.
1 BHEFHATBRIRMLE

BEE T /Lo BEK B HAKFY W 3 B CoP/

HBEE/C BE/C B/ Wem™! wW-w-!

— 02.12.01 ~03.01.07 700 2.5 15.66 51.71 3.78
= 03.01.08~01.17 750 11.67 14.94 57.64 4.1
= 03.01.18~01,27 600 11.23 14.99 52.91 3.85
03.02.01 ~02.28 750 11.86 14.38 46.23 3.49
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y s

FER . t(z,7) = 19.65 (15 < z < 35) (2)

5EK . H(z,e) = 19.65+ 552 (23 39) 3)

AP, e(z,7) BARE ¢ B L EE  HFEHME, Cs: BRARETRENERE, m; c AN
FEEFRYBERBHAMNZ(7 A 15 B)ERMITE,s; 0, BRI EIFBRER, m¥/s; T, RAER
#,s, T, =31 536 000 s; A, TR E R EEEE, C; 1 RRHBRRERPFIHRE, C,
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R e R BENR I H LA E WL, Wi, BMERGTEE UBEREP ORI ENE
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1n( £i£1) —
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P A A B AT T T A 2B 2 T BRHA B 2 B RHRS R RE
pJC,V(l) T(ir_jrkzs +lA)r—‘ T(Lj_szJi) —

T(i-1,7,k,s+1) - TG,j,k,s +1) . T(i+1,j,k,s+1) - T(i,j,k,s + 1) +
R(i-1,i), R(i,i+ 1),

T(i,j-1,k,s+1) - T(i,j,k,s+1) N T(i,j+1,k,s+1) - T(i,j,k,s +1) '
Ro(j"'lvj)i.k Ro(j1j+1)i,k

T(Lz]’k _ 1’5 + ll- T(l,],ké +D + T(l)J)k + 1,8 + 1) - T(i,j,k,s + 1) (7)
Rz(k - l,k)i,j RZ(kvk + l)i.j
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Xt el ¥R CEDE L i = 1) 4, BRI P aomy o i
R T SR S A, B T E AR AR H3 A A A
A T R A B BT r (189,

wr2(1) = 2l () - A=) = 2o, () (8)
4 R AR I AR
; (2
(1) *ﬂ@“:ﬁ}g&b? 0 = 5‘ H‘Jﬁﬁﬁfﬁ‘]’, Rr(lsz)j,ls = K, . Aemxd o AZ(k) (.] = 7) (9)
ln(f‘g—%)
(2) YR THEMER, &UJ%k=K.A6%w“)(1$j<17<jsn) (10)
PO S S AR, Ry(h ok + 1)y = COZCE) £ AZCk 4 1))/2 (11)
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CV(I) T(17]1 #"'1 _T(ljjyk 5) m7]7k15+)_T(1LLLk 5+1)
£ss At R.(1,2);4
T(1,j,k-1,s +1) - T(,j,k,s +1) JILLLk+l s+1) - T(,j,k,s +1) (12)
RZ(k - lvk)ccmcr RZ(k k + l)ccn!cr
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WERAAE FEHE T HAHE =8,
(D#AE (B 4)FREYH(i=3,,=1) 58S KEpHAE
HE . 52 S R HE: B4 oK B AR LA PR R 45 1
R(ivi+1)ju=Rli,i+1)j4+R(i,i+1);+Rs(i,i+1), (13)

1
thZ(k)%Hrm(i)

Rf(i,i + l)j'/‘ =

In rm(i) + 0,
R(ivi+ 1 = A(','"‘( ;
K, 2AZ(k)
[ r(i +1) ]
Rs(i,i+l)j,k = rAé )+6'
Ks= 8Z(k)
R(i~1,i);4 = R(i-1,i)j4 + R(Gi - 1,8);0 + R(i - 1,i);4 (14)
R(i-1,i),, = -

thZ(k) 4, (i-1)
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RoGjuj + Vi = RGiuj + Dk RGioj + Diw+ RGuj + Vi (13)

Re(joj+1)i4 = hAZ (k) (rn(i) = r, (i - 1))

. - 8'
R(j,j+1);4 = KAZ(k)(rn (i) - rn(i = 1))

1) - &,

RGii+ Vi =K5AZ(k)[r,,. i) = ra(i=1))
HEAERETEG =3,/ =1 RATEHEEHIE:

oy, Tliainkos + 14)\_ TGaiskos) o e {7k = 1,5+ 1) = T(iyj kys + D) +
T

T(i - 1,7, k,s +1) = T(i,j,k,s + l) T(i+1,j,k,s+1) = T(i,j,k, 5+J
R(L—ll)k R(’u""’l)_,k
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T(i,; +1,k, 1) - T(,7,k,s +1
(i,] + R:(;,j)+ l)fk ) +1) (16)
R UBRHEAKBERENTS(i=3,/=B)HRATFEERHTE,
Q)EERM(E 5)MEW SR FEEH T BRI,
BEREMREETE(,), N, - DEHBAAAS LB/ EG,/, N, ZEHHARARX(7)HHE,
¢ FE S5 EMBAMTENEAR(13).(14) .(15)HH,
Rz(Nu = 1,N )i = RNy = 1,N) 15 + RNy = 1, N )i j + Rs(Noey = 1, Ny, )1 (17)

1
Rf(Nwr_ lvacr)i,' =
T AR - A - D)
Rt(Nur_ erver)i,j = 6‘
K— r2(i) - rA(i -1))
AZ(NW,)/Z

RS(N,," - 17N1)cr)i,j =
K z[rz( i) =r3(i-1))

HAKEREWA(i=3,/=1,K=N,, - DRV EEEH 2.
T(i,j,k,s +1) = T(i,j,k,s)

Py Ar 222 = mCAT(i,j,k-1,s+1) - T(i,j, k,s + )+

T(i=1,j,k,s +1) = T(i,j,k,s +1) T(i +1,7,k,s +1) = T(i,j, k,s + 1)
R(l—ll),k R(,,+1)1k

T(ioj+ 1, k,s +1) = T(iyjokys + 1) TCi,j,k+1,s+1) = T(i,j,k,s +1) (18)
Ro(j j+ D RZ(ksk+1);‘,j

FEAUEINHKERBTR(i=3,/=13,K=N,, - 1) IR FHEEBITE,
3) RO 1L E AT, HURE) 3 BB AR 1R 6 7 R N

SRR T B SRR 4y . BISR(16) . (18) H 93 &5 1A L 1 # <

A A, B&H mC L T(i,j,k-1,s+1) - T(i,j, T IVTI ; W'
j

-

k,s+1)], seraa g4

A, BRRANE, ) RraFMNATFE(E 6 FE)DF Lk }L ll
FRBENE, s BRI E,; T RFBE, C; R RpuR, FRET ooe | ]
RN .0 75 A B B, C/W; Ry R, R, Bl RRHK L L T,
Xof R PP RESAEH - EHH, C /W rar, A RIRA TR B 5 R AN AR
BT AZEPEER, m;A BRNEEHAERM T LAY
BUE rad; AZ (k)RR T SEHAFN B A HEE, m;Ac FRatEER,s; V(i) V2 51F2A L RAE
R S BT TE R R AR B RR, od; 0, o S FIFR R TIMEE FREE , kg/m’; C, ., Cp 53 HI TR LR
AR, 1/kg C; K, K, A RIFT TSR AR ER SRR, W' C; by R WA FE KR,
W/m?C; 0, R EREE, m;m FRERARENERFRE, kg/s.
3.3 EMFH

1) BRFE MHEEL:0=0,g190=0;0=7,q5lg=r =0 BREIZEAFI:r=ra, T(rw,0,z,1)
=t(z+0.5,2); BABRLHRL: r=0,q,1,.0=0; BHEFTHUF:Z2=0m, T(r,6,0,7) =1:(0.5,1);
EREELR:Z=51.5m,q,1,-5.5=00

Q)W HRYE r=0,T(r,0,z,r)=t(z+0.5,2),
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4 SXBRAREREITLL

BAERBANEFRE EENS, L B FARKOESES, U LEARFHES, 12
FHHKRERAXRN RS REA0TAR.

EIHE:T=-0.08242+14.125(1<x<38);

FE2HBL:T=0.0168(x ~38) +11.575 (39<x<48);

F3IMB:T=0.0259(x-48) +11.09 (49<x<58);

HFEAMB:T=0.0487(x~-61) +11.055 (59<x=<86),

LR T AHEEH#KBEE, » AEFTRXE. FREZMERSELE 6 Fin,

—— ML KL —o— ELd i kY

— 8 W K —8—— b I

He ﬂ‘%ﬁ&*ﬁ&iiﬂﬁ%ﬁﬁlﬁ%xftb
MEERD A BEMARE, STRMRSRFTRROABE B, BERER D, R2HET
EEE S BEBUERXTE HREE4.1% ~9.1% 2, EERBRPIRAMELESIUEE RE
MER, TERBASBREEASMNRRRE, URBELUT 0.7 m oMK FEEZBERERE B AN
MERMBE SR MK, SRR A S LREHAAE—EL; WIMESHANER FHHFESE
&2 EREE X,

®2 KMASHUMRIRILE

% ¥ EEHAKRE/C ¥ KR 2/ C B HFE AR/ W om™! .
mas L-h! 3 B o o - mn RE HxXt&EE/ %
1 700 15.66 15.94 3.14 3.42 51,71 56.44 4.73 9.1
2 750 14.%4 15.1 3.27 3.4 57.64 60.7 3.06 5.3
3 600 14,99 15.3 3.76 4.07 52.91 57.44 4,53 8.6
4 750 14.38 14.28 2.62 2.52 46,23 44,35 1.88 4.1
5 &ig

D) UAERBHARNBSHR IS RELEM, RAAFRESERINAREH U IEERASEN
SHBACHRERETTN, RTEER S ERERERFNMS B XERRNTHRRNSHHA—Z
SE S

2) RIEIFR AR AW SRR, 4 S X UR, Eﬁﬂiﬁﬂzﬁiﬂiﬂmm&mﬁﬁﬁﬁo

NRATHBEFME T AN REHTHBNR, S REVEEERABFEREKRE  ALRERE
KHEF 750 L/h, FH AL HEOBRMEN 57.64 W/m, RESHHEBERERLN 4.10 W/w,
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