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Exhaustive Search Method to Measure the Ground Thermal Parameters With
High Credibility
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Abstract Combine with the parameter estimation method, the exhaustive search method is used
to measure the ground thermal properties, which reliability is verified by simulation. The exhaustive
search method is applied for projects, and the ground thermal parameters calculated are compared
with those obtained by the optimization method. The result and analysis demonstrate that the
exhaustive search method can find the minimum objective function variance within the search domain
and obtain soil thermal parameters with high credibility. As comparison, though the optimization
method can also find the minimum objective function variance and obtain the ground thermal
conductivity with high credibility, the borehole thermal resistance and volumetric heat capacity

determined by it have relative lower credibility.
Key words

03 =

L IE R s s U R R R ER K e
HAE FER RS, BT REBLEENRE, FA
HiR ERE T AL RSB/ N R R, ORFIEER KRR
BRFATELFNERRE . FF MRS
B AP P s R R 5
MRS EEEERE R, Kavanaugh WHRE
7 Bl M T R SRR R BOR R 4 10%
R ZET, HTIEE R EMEN 4.5%~5.8%,
AT, B HER T E SRR SR
A ER AL GRS AT U0l

BT, RN O RE R B R ARk
Bt T RSB ER IR, MR TSRS S
B R 5 B R R, AhE i T R

WrFsHRE: 2016-12-23; EiTHHY: 2017-03-16

ground; thermal parameters; measure; exhaustive search method

F PR, ARERASRYEST 1. H Y
ERARRIA RAERA B 20 R A O, 52
ORERIEATAL 10 8, S+ LR S BUEE
RAFERE M mEE itk 12, BERTUS E
WA LR SRRY, HAMRHEEARLRE 19
SRAETHE T U R SRR, ARERURK
Bl AR PERE, TR AR Z R M
SHAGTHRE W R AR B 28R KR B
G LR ELRN L, FRAARIESHA
FEAGTWEZ BT EZNRME, FENRSG
S /MELY BT Xt 7 6 e OB B A 2 iR AS
IR R RS A,

A BRI ARG G 2B THERBRY S

BEAWE: BERAK/NEESTE (No.51176104); BFEEH KT (No.2016YFCO700803)
EER: R (1991- ), 5B, WEHRE, EEAFFEES TEIARFE.

BEEE: THE #¥#, Email: yumingzhiwh@163.com



4

£ BE FAFEEREEGRRSHT MESHK

823

SPHALBER LRERBZ TEXKETEHILRE,
UERERBATHRARMIT EELEMRBIF S
BRI, W AMERINEEERFIRA, KR,
Ry, HXERTETERENHSHE B
BRAGERZNHSEEEENERERR. BEHK,
BB GRS T SRR E R REUREE, B
RIMAEEEL, HFRETARERX LHWER/E
B AR, BT AR AT e 3R K I i/ IME 1R
K2R TE P A /MBI D), AR A g4
BRE T, £ RS HE TR TR IR
Hirm s/ ME, LR REBENNER, HMEE
RYESE, HSRUITIRRNGEREITI .

1 e 5 A R A R A

TERG IR R TE G H T RN LS, KM
ER MR EEIFIFK, WEFKTEEE PIEF
Wt 5 R E LR TR, MIFNEFEEE

\

He, T H r HAEBRKRE+HLS » LWR
B, °C; To AR TFHEE, °C; ra HEA
B2, m; q NEBEFERGHRE, Wn!; pe
THARKEHRE, In 2K b ATEERARY,
W-(m-K)~!; 7 JEtHE), s.

TEHATHEE Tt SHTLEER Tw BIRXRXK:
Tt — Tw = @ Ro (2)

WEFFAK A P HREE Tr 2O

2
T: =To+ qRo + jr—IkEZ <r—f$> 3)
Hrd, Ry AHFLAREE, m K-W—', Ei(X) A5

Iy %L,

SRAE T B AR R BN T IE 5 R B LR
HBIE H A B MR PR T-HEE 5 LR R EZ
(6] g 7 2 A 1.

f = Z (Tcal,i - Texp,i)2 (4)
i=1

HH, Tea, A @ B2 B A RVEELT RS2 B Ui

PSR ACTHRE, °C; Texp,s AH © B2

MBEIEIKTHIRE, °C; N FEIENEHL.

(or__k (9T 1 o
AT pscs \ O2r r or
or
:—-2 —_—
q kTerar .
T=1T,
T="T,

Hy O AL EAE PR K IR B RERT R 422 4L, 5 2 AU AT
h 2 PP R iR B R A T B e R B 2R AR SR
A2 MRS & HIEE 5 H E LR R
WH, FHASEETHERA B RS HER
H R8s RSB H k.

F T I i SR A B R R R R T S A R
RUEBHER, HEAMERITHEE. SR
g U8, ZARCR A SREHEAE ST SR THA
B L T AR AL R B E F MRS
FEEMIn T RE 10 1) s TR TR KA
B 2) EBE M TR OME, FMA—RIR
KAGRRIT; 3) Lo EBEADE X TR B L
M EE, HYHESREREE,; 4) SHLNAFER
BERAR; 5) BB LEAMKITH. AEME
(6] f - A L

HEF LR BRE, RN EHTE, fmaAm
HFFFWT

> (ra <7 <o00,7>0)

(r>0)

(rg <r <oo,7=0)
(r— o0, 7>0)

2 FRPWRE

FHRWRERAE LIRS HTRREEE
R ARFRBEASHEARIR 3) F, BEFEFKE
BERERS EIZE LT EE, REFARX 4) HHEST
KBETHEESWBE R TEM, NFFHITT
ERB/ME Froin, JCBTRS R L SRS BT (E BT
INARITRUERNLR.

FEBRBERYES BN T RRBE2WE R
W, FZE—HTAFREOTENHITE, LEE
By EAR/ME. FEERESNATENEK, &
32 B AR SR /ME, TUARR IR E Ky R /)
&, BT URRSRELLRIRDESHE; 57
BWREAFEXN T EEEREL LR 5K
. HTFHFEEREEZREBRNETHEMTY
HEr, Briliz et k.

3 WiE5Hr
BT RIESF IS R E L R AT, PG

WREHTLER ra. BEXRERE o, LESHRK
k. S5TLARGE Ro. HAMHR pcs FBHIE,



824 I %2 ## 9 B2 % # 3B &

FHAUITEREFKREEENEUHMEERE, R
ER A G R LRHE LIRS, BiREE
SEEHEBET . RAFASEREE (U
# 1) SRIFTRIE. FERAIREN sy ES
BEMHE, A CERNESHBEREE 2 K. 05
Wm 1K 1<k<50Wm 1K1 0.0l mKW!t <
Ry < 0.3 mK-W™1; 1.0x10% Jm3.K 1< pees <
6.0x108 Jm—3 K™, FIAGFHEERENITELERRL
#* 2.

e, ERSRARAT RS R ERER
B, FMITBERHAERITZEANSEER
B 2228 R EY TR AR, X, #

B, #rEmetr 3R, REEELREEN
Brig B e R —BMR. MRERERERITHE
SEREHERRYE, MRS BT AT, REREH
B BARE 4 5000 4R, B HE BE 50 4
Ak, AT IETHABIIMERILE 3. hEE—PR
IER R RO EG R B, KR IR B i
KEWHONERRN T HREZHEIT T, 1
A 1~2,

B 2 % 3 AR, FEERERISHTE
24 0, BIRYLAT-$RE| H 15 ok Bz /ME, HXT R H%
ZPESREEZ MMM REL K 0, HHH
RAFGFREERETUERBRBI RS HE. mE

&1 wEsH

Table 1 Preset parameters

2¥ Ta/m q/W-m™?! k/Wm—1.K~! Ro/m-K-W—1 sCs/108)-m—3-K—1
-4 0.075 55 1.80 0.100 2.30
k-t 0.075 75 2.60 0.080 3.50

%2 PEEELENNERASEEN

Table 2 Soil thermal parameters obtained by exhaustive search method

HESEAR HEGE k/W-m—1.K—! Rp/m-K-W—1 pscs/108J.m—3. K1 Fmin/K?
& HHESEE 1.80 0.100 2.30 0
HXHRE/ % 0 0 0
mom HEL2%E 2.60 0.080 3.50 0
FXRE/% 0 0 0
x 3 KT ERINIEAYESH
Table 3 Soil thermal parameters obtained by optimization method
BES AR HHIH k/W-m~1.K-! Ro/m-K-W—1! pscs/10%]-m=3. K1 Srin/K2
P HESHE 1.80 0.113 3.11 0.035
FXTRE/ % 0 13.00 35.22
] HESHE 2.61 0.080 3.48 0.056
MIRE/% 0.38 0 0.57
1%
B
® 0 AR A 20 — B IR R
* SRR A o AL R R
15 15 .
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Fig. 1 Circulating water temperature variation vs. time (the first group)
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Fig. 2 Circulating water temperature variation vs. time (the second group)
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Fig. 3 Curve of circulating water temperature changes with time (The first project)
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Fig. 4 Circulating water temperature vs. time (The second project)
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Table 4 Soil thermal properties obtained by exhaustive search method and optimization method

HHEFE k/W-m~1.K™! Ro/m-K-W-! pscs/108J.m—3.K—1 Fmin/K?
a1 R R 1.73 0.147 3.44 1.430
AL 1.79 0.110 1.47 4.326
T2 SR 1.35 0.235 2.63 1.450
BAv T i 1.34 0.280 5.66 1.562
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