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BF, BCA =15 W/(m™C). WAk, M EiRha BBl AT, A A WO H 2SS i bl A 5]
B S BT T L — R0 5 K S R A BT 5 S B A o 1 B 2 A 7 2

A 5 H R, ST A AR . SIS | K SCRIK VE I S B BF ST MR vl T
PRI 9015 e I e M S BB | SRR R PR B o SRR DA T AT K PR A L Ok
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SRR D A T — 05 L

2 KB AR AR TR

S 5 KBRS H R 4 R BRI i Angstrom (1924) 42 Y, B R K .
b, =¢,(035+0.618)=P"¢ (0.35+0.61S) (1)
X o, WERMAFHGEE, Wn'; ¢, =P "¢, NIERESHGER, Wim'; ¢, N KSR S GE
L, W'y PN KN KRB R m M KA S H BE %, FR
brHBREFE T SRR H BB R TR, B S=T,0/T o HO0<S<1.0,
RICHGSS ¢, st 48 58 4 i M BR R SC07 g i 119 3] 3k M BR AR 1 R PRER 9, 5 H b BE 2 17 Oy
JR H B A B R 4 A i
I3 #2517 R DR SR S R B (3 = R AR 5
b, = (0.126+0.6485 ) (2)
K 4 5443k B A XHR 25 A5 40 7E 3.33% ~ 18.75% 2 [8), ¥4 8.39% .
21 ZEBESEER EREA B RO GG X AR, HamdoR2 08 BE>RE 8T
HaRKAEBFOETERE T, Hha R0 E M mHRs e .
T Angstrom H B 43 R Wunderlich $2 1 #4272 Fepi R
b =P ’"d)so(l -0.65C 2) (3)
K. CHAE, %, 0<C<100% .
FET AW H BT R0, MES=1-C*, MR(QQ)BETFRE & E R,
b, = ¢S0(0.774 -0.64C 2) (4)
H1 T Wunderlich 5 & 7 73 5 Fl Angstrom H I E 73 50— ¢, FOEUEREHN ¢, =p "o M=
KA G AR, B 25 R K B 5 56 1 52
2% FE I R U A9 SE A IS, I K T8O AT 4% Berlage 233X (1928) 3145
b, =%(¢30-¢s[)=%(1 -P")b,, (5)
X ¢, WHETPGER, W/im' SO S SCAR AT, SR A R R A T A B — S T A Y
HHR b, WA, HEFHERP RN (b, — b, )s TERS I E Ko e b ST, WO
XA KRR, WA —FnHER,
HRES MBS Z AR ES, Mo =¢, +d, o HGHABRHL ¢ AFRG)H P G, , N
b, = (1-0.65C%)=05(1+P")p,(1-0.65C") (6)
22 REEHEPRERMPIRFASREmWITE  FHD%E W T IIE K EHEY 24P AL
EREREm WA, AR B ER, PrETFEALTIKE, BT, A0 R Glover
Fl McCulloch 1 57 i35 P
P"=0.99-0.17m (7)
TR () RAEP>SOAHE XL o M Klein MAFFE, m ol IR X5
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P -1.253
nz:PZ//(ﬁna-kOJS(lgga+3.885) J (8)

A PO B RSUE, hPas PONHEFHRIR SR, hPa, —MH1013.25 hPa,
23 RBREEE  FE20164F 1—4 H WIE], £ 35 A1 ATE 8 e VLA ST i Jb AR SR R VR R R 1 OK BH R
SRS, TR HDRE DA A A FL AL T 3 2 BT A AR R . DU K L4 R AR () Wunderlich 2
(3) 5 AR SCHR 55 e B 18 i A A i 2= X (4) 5 A SCs R H B b i 2R (6) .

Bl 1(a) s i T 2016 4F 4 11 R 3 = 2 Bl H A9 28 4k (B8 8E R U5 hitps : //tiangi.911cha.com /mohe/
2016 —4.html, PUF PSR ROREMFE ), Hrb: n=9238R 201644 1 1 H; =i C=1.0 2 KX
EREEAR; =i c<0.6 MR, B 1(b)(e)(d)aHnmd 7T(3)(4)(6)1FA R 2016 4 4 A
R BFA S 1 % RERE 5 S Y e e, R R SRR & TS AT B2 30k 9],

WPEE 1, PG EELBWT .

(D EC6) T E AR PR S 245 ] 5 S vy & B, Nz, filan, Ha=1158, C=0%H
SERIE R, SR Kb, =1042.1 W/m®, 1izl(3)(4)(6)HEAEK ¢, 200 814.6, 811.5, 932.1 W/m',
X W i 2R (6) BT 55 15 K H 5 AR R I K AP 4 1 W R BRI 2 TR Y O vk R AR A
AR

()B R mE C=0.6, KA TS MG 22 500K, FRAE 42 X €=1.0
MR R REAREE: OB H P2 &R IR T 20l sk, 5 0 5 A7 7 — 2
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HHE:
b, =0z, (273.15+7.)' (9)

X o, MK RS PGE R, Wim'; 0=5.67x10"W/(m* K) Wi - SR L2 W E; &, N
BTERE. XK. KRG AT e, 0.97; T il Wi 2 WL . C. b MR A I H K TR B . vk i 4%
VK R, AT 5 S TR . EKIENEE T=0CH, ¢, =306 W/m’,
32 KREKEFEE KT 058 S 7T 39 300 % 9 — 1K %K 2 (Stefan—Boltzmann) & Ht 57

b, =0¢,(273.15+T,) (1-v,)(1+KC?) (10)
SR, S R e B B R R Wiy TR LS m WAL s e, R
Tl TR sy, S T TR R R T S Ly, ~ 0.03 3 K5 F . Wunderlich 42
P55 [H] Tennessee # X WM 758, BLK=0.17"".

ST R K S L M e, T W RS Idso-Jackson A%, 5, FURSIR T, MEA", 77 Ashton”
HEAE R Brant A3, Mo, FURKITH e M9 BRE. #5520 Wk} L 8B 9 T 16 B b 4
10701158 e, AT A, A4 Angstrom A3 . Brant/A3 . Idso-Jackson A Al Iziomon A 255, 45 R
KW Lziomon 23 U B AT fie /N By 4 0P AR 22 MK 5 22, BAT fe R B — BP9 B TA RIZR PR R OC &R 8K
LCC; Brant/A:IKZ; Idso-Jackson A3\ B AT £ KA 46 XF iR 22 Fd 22, VL N dwe/ N — B0k 38 44
TA FIZRPEAR G R B LCC, R, #EA7R ] 1ziomon A3 :

8, =1-0.35exp(~10e,/(273.15+T,)) =1 - 035exp (<107 e, /(273.15+ T, )) (11)

K e =Ry, NESTIMEE 2=1.5 m {92 K PUE, hPa; e N KIUIAIKIUE, hPa; RN
AR . M ORI, R,=1.0.

RO, e, AMUGSR T, A5, i B5KRE &, SOHXHREE R, M AUKIE e A 5. A
SCHE T H 4K . LR Tziomon A H LI RO KKK &, .

B0 R K T e J2 Bl T IR 5 7 R TH s I, B TR R AR TN, iR R LU (WMO) 1996 4F
75 R 1 Th AR 0397 - FE 7 (Magnus—Tetons) A K '

aTS (12)
G TP 97305+ T < b

o TOMIWIRITRE . Cs ey~ 6.11 hPaly =0 CHEEMAUK IR : o FIb 3%, *AM: T >
0, a=17.62, b=35.86; XJIKifi: T.<0, a=21.88, b=7.66.

4 ZR MRS R Y

IR 78 K AT (A9 LA 200 Z24F 14 7 52 o Dalton M4 /K 101 28 & B B R BE AN AE AL EE , 255
G . R TR X2 K R R, 4R T Dalton R, G208 TR X T 40 2% & BRS04 37 R F) T ok
EVERER . K E B 1950 05 MW IR 7oK 28 & B0t 5E, HETE @42 TR 20K TH 28 & 1Y 248 5
AR,

Ashton " EEE BT ABETE . AN AT A28 K 2 AT U F 57U & F R, — /& Rimsha Hl Don-
chenko & P W& TN, 55— J&H Ryan-Harleman 38 19450, 38 H RARP WAL F A
BT s2bR, ZEJLSERIUKE BRI P, BORIRE . TR E AL X Ay 2 % R AR S & F AR,
R 2 50 R A3 BT R S 6 B IE A Ryan-Harleman 23 2 38 FH 1) 2% 14 2 A XL AT L > 5°C
GEMIA(T, -T,)>5C), {BI&, XTKEWS, (T -T,)%%H/NT5C. Gk, B -LELEHR
TR s R AR T8 R AT, INBRE R T A L RS, R R B R A 3 A &
TR HK RS, 07 AKX BA K AR E W . A MR RVIE 2 (T - T,) %%
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REERRK, REZH ",
FETFRD W43, 28 % M GE Bl ko
¢, =[6.04+2.95V, +0.263(T, - T,)|(1 - R, )e, (13)
K. ¢, AL, Wm'; V, R EWHIR A 1.5 m kA KGE, m/s.
AR Bowen X Uit 5 28 & B9 G F 1R 3R 1D 0H 3L B9 A k2
b, =[6.04+2.95V, +0263(T, - T,)|[6x 107*P (T, - T,)| (14)
Rep b, WRFHGER, Wim's P OWMHIKATE, hPa, BEYESR B RN TN
A1 CI3) FIECC14) AT IL V7 7% & R0 i B S 4 i R vh B2 M AR G, DRI, 04 ol XL ) 0L 0
BERFREAS BB DL T 00 W vk RS TR A e — A g AORTERY R . Dy, 7E 2016 48 1—4 JT 7R 5 LA A
ROEVL R AT T G B S, an B 10 e, B AR 0 2016 4 1—4 J] RAE 20 f 109 2 8], BE
W2 MG 5 KA T3 A U
V, =0.1+0.82N "% (15)
P NG, B LB B K VA 2.4 ~ 26.5 m/s Z 08, (HJE, W TR Tl X, Soi T
gt e KXV, ~5.3 m/s, HFEHRGEV.IE0.13 ~ 1.9 m/s Z [0, 1 HE 4 AW FHRKGHE V, =0.77 m/s,
WA/ TR K. i, AT E A R GBS X TR — A RE I A A T 3 AR T
T 1.5 m A XU, 32 S PR ARl — M S e B G XU R, T T A, XU
T D B 8] 4 Rk AR L BR VK ST BRI AT Ah g — A B RR A I AR, R R XU R G
SO R RESE AT R o 24 LD XU Al XU 28 A RISHAT I RE IR, T3S ok KUV, =~ 0.77 mi/s,
T L JRHE S 1 o 1L - 2.95VZ/(6.O4 +2.95V, +0.265(T, - T,)) = 2.95/(8.99 + 0.263(T, - T,)) < 37%

T e—
—

e
—
Lo

b =—

v_/(m/s)

f——1

ts

L 0:6

6
5
4
3 L
5 |
1_
O_

0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
t/d t/d t/d

(a) KK (b)) R (c) HAF- 3R
P2 2016 4F 1T —4 JT 3] 4 ok R A5 FUAAS S i VT 30 S 300 3k P I D T 289 JR 3

5 T R B S A T

R RS NGNS A Sk R T o N B LT NS S 1% D& | DO R 1l
b,=¢,+d,-b,-b, -0, (16)
Ahe ¢, HIWIRE H P ESHGERE, Wn's ¢, = (1-a,) BKHAFRSGHER, Wm', o, N
KPR S0 B3 R, SR SR K, Eh R s S Rl g, FRE AR P,
WS FIE B R IX, &%, EEFF, BIMEHRESRER, KEMMEHEE MR
75 Al R DK JREAE Al HoA AR KR T VK A T S R a, 29 0.9, HS UK ARG K
IS5 % 0.6 ~ 0.8, 5 ITE BOXF He 02, A 3 I ADIR K O 0K 28 B Y DK i 1) S 39 38 T e Al

A0.2, AT LIRS TF bR 32 A0 K ok S5 K B 5 R G 3 AR TR A 3
MREGRF 2, fFEMRET., RET,. z&c. MXRER, . KE v, M KIEP %,
ZRKHFRS &, KAOKBGSERH o, WBHKRBEE S 6, . 22K &, FIX T, 70 5K = (6)(9)(10)
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(13)(14)35,
6 T -5 A RS AR TR 1) £ 1 Ak

FEAR TR I — S by L T DK LI s, ) G K R AR AT R UL L fE e I 3 g
iRt e E R WM T T,. C. R, V.. P FEIEEALRTORE, B, ] fE 5 R A AL
B2 S HARRMER AR (16) 5k o FUEPA AR TR T M2 MR R, H A B m MR, R
AERBEMILE X, i HEA 2 AR

TEVKH, T 0 3 0 A7 AE T IR A O -

(1) F7AE R K TET () G0 e K AL V8 e 2R TR AT A, AR E VR, BRI T,<0ChfEl T, K
W T 0°C, X, WK SRS (T, - T,) BR, R5 IR T R, 3Bl B0 K i 7 2
PSRN GE A5 SR AR PEAL AL, B, wl g™ AR B R A iR 22

(2) W] vk B, SR T,>0°C, B3 R K DR El AL, vk b B R K, RS
A /ANKHEE, FROBAKBEVKILS , XBS, KIE b B e SR, R PR IR TR IR T

()[R VK E, LW T,<0C, HEAETS, HnsiBkRmRET 5T, MR,

PR AL FE R B (2) FT(3) o

P A SR e VS R K AR UK TR T, = 0.55T, , LB A R B YT 48 41 R K %
MAF VKR E T, =0.26T, - 4.6

TE 20164 1—4 A b4, 2835 W BATE B JL AT B R VT Be Sl 1 vk, A48 vk R KR . ok Al
36 PRS2 I TR O T 1 A0 A DA RO, WE 3R, ok T KRk L Tas . KRk
A b, 53 R UK JEE LRy R JE TR AW ) R-T—0 oK 35 18 1% %25 Z1 BE o R-T-0 vk T 156 1% Jk 2%
K200 em, HE VLA %S S MK GG HCE R I (81 3(a) )M KO, Bl R oK IR S TR, b (A
3(b) )Wtk Ak 7, RS TE B OK TR B T

AR 3, WA T ARLT .

(1) T,<0°CI, PK 5 RIS o A8 I BE I AL R vk o Al s 35 o R Tl I B8 7 B 4 <UL 7, 9 722 A i 2
fb, WiE S5EE N ERAE - ENEEAE, THETT,, MHZELHH1.0~3.0C, WE3HAXFHB
X PR

(2)4 T, >0CHS, FHBEIHER, UK NIRRT, anl&l 3 7 2016/4/11 fIZE iR .

(3)24 T,<OCHY, = N oK i B 7, (a1 s C Fr s 4b ) J o R T T, AR 34 W00 £ % %
i, LAEDPATE T, ~ 037, -230 , XERYWEFHARGHREAEM, T35 T 0K S5 R T T
KF AW

(DU HAZ=4AW), ki ERARERE, HiksE KA T 0C,

M RERIKEE | 20K B B 38 T BT, KBRS A%, km LRSS ER, hE
T 45 98 (3) 80 UKW b 1l R4 AT 2R ST I AR B UK TR S IR S R AE T R vk

5 0
0L | | —2016/1/3 -2 -
5t g ——e0laLa - T.=034217T 22968 S
5 N X , —2016/2/1 B o o] 2®
5 kﬁ —2016/2/11 o -8 N
£ 5 —2016/2/21 e =10 . :" v
& s Y ——2016/3/1 =12
30 — % —2016/3/11 ‘}‘6‘ e
35 ——2016/3/21 b
o V20161 _;g
45 B ooiea =50  -40  -30  -20  -10 0
L/em T 2016/1/11 T/
Ca) /R[] INFIA) 25 56 vk 36 07K 19 26 1] o A1 (b)) PKCTA % 8 B T 9 2 £k

P3SN AR B R T BE vk A
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I
i BRIk, T KB R L TR T, AR ARER K R, RO A — A R, AE T =T,
s (1) et , RN

b, ~d,-h, (T, -T,) (17)
K dg=d, +d—dy—do-b PO FRT=T; h FWHSROHHRARE, W/i(m'C):
h, =—[8¢”/8TX]T L =hythy, (18)

Kot by, =0[o, - ,)/0T, I KBRS RI W' C); by = (0, +0,)/0T, I KA A
FHFEL, W' C).

%/I{Ej& TS=Ta7Eé7ﬂ/ﬁﬂ?§EE"J—T|Z@TﬂE, E[] qbno:d)m+¢’uo_d)bo_¢eo_d)ho:0 ’ mljit(17)ﬂﬁ1kﬁ‘j
Ashton' TE 2 1 2 14 B

b, =~h, ( r,) (19)
S R T R () R (10) 18 T=T R i S5, 15
ab:%ﬁb“):wsslx10‘8(273.15+Ta) 53110700 o “(273.15+T )( +0.17C%)  (20a)
A (1D A (12) 73 5045 «
0e,/9T, =3.5R, B, (273.15+ T, ) exp (~10R e, /(273.15+ T,)) (20b)
al, de a(273.15-0)
em:exoexp[m) B’_dT = (273.15+Tu—b)26m (20¢)

XF 78 R AR (13) M (14) 7E T =T, 55K i 3 41
hy,=d(d, +d,)/0T, =0263(1-R,)e, +(6.05+2.95V,)((1-R,)B, +6x 107°P, ) (21)
T T, CHR ZEME M BB 22240, BT, F bR of 78 f R I s H A2 R8T
BRI R W7k o W VIR, R LRABERE T, C R, 5 1] 8 52 B 1 D 2 A7
g, ARG R B I 1
AR 2D K V=0, A& 4 FIE 5 Bt st X 2015.12.1—2016.2.29 5 2016.12.1—2017.2.29
PN UK b, B ] ) 22 365
2015.12.1—2016.2.29: h , =10.11+0.117, (22)
2016.12.1—2017.2.28: h_,=10.11+0.17T, (23)
X RBR=0.21 ~ 0.33, LRPEHICHE—.
K (22)—xK(23)75:

sal

e 4 R S R, BRAS BB i 9 18 A1 B ‘Ahm/hm‘d%o ik, wrig—
RS WTF X, SRR AR Ty s B R RHS B g e R A, AT T 100 LAt
A IRAS I . IR A T e b XA H A M

T E AL i, WK b 5 T, IR R, F 1A T — e g X
AEEWR . W k. dbat. fRE . PIEER R ARRE ORI RGE V. B A, BPRPEA R, Hoh R
s R vk ) H A U, SR VIR R E R K. KR IER L BE R m |k vk
KX, h, BFSER/DN; GkETHZ &R, TR, D, KB K,; Wb
N, BRI D kIR R, HRERAM, A, BFHEE/N; WL b RER TR
JRHL X, EAE RS R G, MTREM DA, S TEH. b, KEengsE, Ha, BT

‘Ah JJh

—(h hoo)/h., I|_006]T /(10.11+0.117,)
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b S |
10 . Rl A
0 2 S LT,
o Ay QOW}% {'63 E 90 e ol Y L/ M
< __10 £ h =0J10567 + 10.107
= ! = | m-o02057 | °
-20 =4 e j
& 4
=30 a3
-40 0
20 -15 -10 -5 0 5 10
#d T./°C
(a) H -39S0 7, 5 1) i ¢ (b) HF-HMIXHRE R A =B CH e (AT R ST,
K4 Jb5T2015.12.1—2016.2.29 H P RS BRS¢ B b, (L1 BTH
20 0.9 —=R, 14
0.8 12 ot
==l O 12— -
10 - : _ N
0 \Uhh W X.Av] h&l 0.6 14 I 5,3 s [P *
P V% W@ 90 © 05 Lty / 1 1 = LR
= 10 %04 ] L 1Y It ba 5] _|h = 01687 +/10.107
o O W M Tl = i R¥=0.3246
-20 0.3 m t: N {~I' A < 4
- 02 T ,
- 0.1 iyttt it Ly
_40 L ’.'i‘?;Fﬁ LAYl 0
5 i i 8 10 -5 0 5 10 15
ild i/d 7Y%
(a) H PSR 7, 5 0 i) ¢ (b) H VPSRRI R =5 C 51 ()EH ZE AT T,
K5 dLar2016.12.1—2017.2.28 HP-ERHF R L ¢, AT B9 LA
P LI XA G RRAE S B I 5 RIS A5 R 1 4 Ak 2
i { LSRR AT T FH | e £k A
45 i 52°10'N—53°33'N 41°48'N 39°26'N—40°03'N  38°10'N—40°N 40°N 30°31'N—31°55'N
P./hPa 975.3 1000.7 999.0 1002.6 900.0 652.3
KEGERHY  2016.12—2017.2  2018.12—2019.2 2015.12—2016.2 2018.11—2019.3 2018.11—2019.3
FHC 0.64 0.22 0.20 0.21 0.20 0.21
FHR, 0.96 0.37 0.39 0.40 0.34 0.37
T.J°C ~40.0~10.0 -16.4~10.0 ~15.4~10.0 -12.6~10.0 -17.5~10.0 -11.7~10.0
R 0.70~0.77 0.56 0.21~0.33 0.30 0.80 0.74
T,<-1.0 7.05+0.02T,
ho V.=0.0m/s 10.12+0.137, 10.10+0.117, 10.2+0.16T, 10.28+0.207, 9.22+0.22T,

9.52+0.287.,

T.<-1.0 8.81+0.02T,
V.=1.0m/s 12.71+0.17T, 12.73+0.14T, 12.82+0.207, 12.83+0.257, 11.31+0.287,
T.=2-1.0 11.96+.35T,

h.
V.=2.0m/s 15.35+0.17T, 13.40+0.34T,
V.=4.0m/s 20.59+0.237, 17.58+0.46T,
WEER .

MR VA T ARSI (DWW SRR RZE A, 5HFHUR T, BIE; (2)4E5H
V,=0.0 m/s I PRSI REC A o DUAS T3] DR P B4 52 4 8 HORT il 3y

h, =(1+0.25V )h (24)

B Fdbat . fRE . TR, Bk H P AR T, =17 ~ 10CZ 1] . = & €=0.20 ~0.22, R, =

0.37~040, h, M{EMHEASK, ATLURHASZ M8, 4V, =008, h %K 10.0 W/m'C, ¥

sa0
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T RIRLBE B b BN T AL 5 M K, R DR v R O B R, R R T VR R
7 LERIE

BT IR O UL R B B R L T IE T UK S R AR A e S O R . K BH AR
55t 3 37 L DN 5 R I B AR SCH B TSR R H SR B AL e RO 143 B R BRI 2 R R R Y B
JE IR o T2 R ARGl X R SR R L R W 22 AR K . R T, <0.0CHT,
UK o6 I T N B B I AR o A, B S T UK E T, ~ 0.34T, -2.30 , {H2 5 R #RER K 3%
W T B T 7, HIGAE T =T, sOR 5 RS RS e BB 28 M A = IR 4 i . X F — A
Hu DX, SR JH SRLAR I sl H P2 R AR B i PSS S R B b W TN AR AR A S . b, S
T,OBCIE B, e KU V=00 B AR SE e R OB A, . TR TRORLE 19 A S e R OB
h,=(1+0.25V )h oo Aot fR5E . W AKE P A~ 10.0 W/(m’-C), B FELEE M b, B
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Multivariate parameter simulation of 3D fracture network in dam foundation based on

improved autoregressive flow model

ZHANG Yichi, LU Mingming, GUAN Tao, WANG Jiajun, YU Jia, REN Bingyu
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: In stochastic modeling of 3D discrete fracture network (DFN) in dam foundations, the key lies
in the estimation of multidimensional joint distribution of geometric parameters of fractures including dip,
dip direction, aperture etc. However, existing DFN modeling methods are based on classic distributions,
which ignore the correlations among parameters and cannot realize the high precision probability density esti-

mation of the multidimensional joint distribution of fracture parameters. To solve those problems, this paper

proposes an improved autoregressive flow model Density Peak Clustering Autoregressive Flow (DPCAF),
in which the Gaussian mixture distribution and DensityPeak clustering algorithm are used to modify the
base distribution in normalized feature space. This model makes up for the deficiency of autoregressive flow
which lacks consideration of fracture dominant partitioning in distribution estimation, and enhances the fit-
ting ability to multi-modal joint distributions. Furthermore, a method of multivariate parameter simulation of
3D fracture network using DPCAF model is proposed, which takes the correlations among fracture parame-
ters into account, and can realize the accurate maximum likelihood estimation and sampling from the multi-
dimensional joint distribution. Engineering application shows that the DPCAF model can better fit the com-
plex multidimensional joint distributions of fracture parameters compared with classic distribution-based meth-
ods, and have the advantage of construct the correlation structures among fracture parameters, which fur-
ther ensure the reliability of DFN models.

Keywords: hydropower engineering; rock mass of dam foundation; discrete fracture network; multivariate

parameter simulation; autoregressive flow model
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Heat exchange model between river—lake and atmosphere during ice age

YANG Kailin

(State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,

China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: The heat exchange model between river-lake and atmosphere is the basis for calculating and ana-
lyzing the temporal and spatial variation law of ice formation, development and melting. Based on the exist-
ing research results of solar radiation, long—wave radiation, evaporation and convection models, and on the
basis of on-site observation of ice conditions and historical weather data, a nonlinear model of heat ex-
change between rivers, lakes and atmosphere is established, which is suitable for ice age calculation and
analysis. A solar radiation calculation model considering sunny day scattering is proposed. The atmospheric
long—wave inverse radiation is calculated by Iziomon formula, and evaporation and convection are calculated
by Russian winter formula. Based on the fact that the observed temperature T, of snow or ice surface is
close to air temperature T,, a multi—-parameter nonlinear heat exchange model between rivers, lakes and the
atmosphere is linearized at T'=T,, and then the heat exchange coefficient h. is determined by linear regres-
sion using historical weather data. The research proves that: (1) the wind speed of low-lying river cannot
be estimated correctly by the wind level or wind speed data of meteorological stations; (2) h,, obtained from
historical weather data of typical years can be used to predict heat exchange in other years; (3)h, is propor-
tional to T,, and the average value of h, in Beijing, Shenyang, Baoding and Baotou is > 10.0 W/(m’-°C);
and (4) the average values of h. in Mohe and Lhasa are slightly smaller than those in Beijing and other
areas.

Keywords: ice age; solar radiation; long wave radiation; evaporation and convection; linearization;heat ex-
change coefficient
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