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I. Title

A study on development of mathematical models for surface discharge
of heated water (II)

II. Objectives and Significance of the Study

Presently, the electric consumption has a tremendous growth rate of
overer 10% a year. In order to meet expected power demands, present
generation capacity will be increased about seventy percents with in ten
years. This requires additional generators at existing power plants and the.
location of a number of new plants. In early investigation engineers rely on
relatively simple method to predict the degree of thermal recirculation. The
development of more reliable tools to determine thermal discharges for use
in evaluating locations of power plants and their intake-outfall points and
possible environmental effects is certainly needed.

There are two ways in predicting the effects of thermal discharge : the
physical model and the mathematical model. In the past, physical models
have always acted as an indispensable tool to the hydraulic engineer.
However, with the advances made in both computer hardware and software,
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it is evident that the use of mathematical model is tending to play an
increasing role in engineering works. Physical models are usually built to
different horizontal and vertical scales for the reason that the model is likely
to produce unacceptably low Reynolds number flows.  Although the bulk
flow in a distorted model may be made reasonably correct by devices such
as artificial roughening there is no control upon the internal friction between
the plume and the ambient water. Mathematical models, by contrast, avoid
these difficulties although mathematical representation of physical processes

involved remains to be solved.

Still there is a long way to go in order to develop a general prediction
model which incorporates the mechanism of near, mid and far field mixing.
We plan, in this project, to develop a wide variety of analytic and
computational models which can be used to investigate thermal effect at

various stages of the power plant development.

II. Contents

The mathematical modelling effort is, in the second year of the three
year project, made following two directions : a two-dimensional finite—
difference approach and a three-dimensional turbulence model.

o 2D depth integrated heat transport model
- 2D Finite-difference heat transport model

o 3D turbulence model



- 3D k- ¢ Finite-difference model in the presence of steady cross flow

IV. Results and recommendations

1. Results of the 2nd year study

o 2D depth-integrated heat transport model

A numerical two-dimensional heat transport model has been developed
which is applicable to shallow well-mixed seas. The model includes effects
of advection diffusion, and source/sinks. The source represents the cooling
water outfall and the sink is the atmospheric heat loss. Re-entrant heat
through the open boundary was treated empirically.

The model were set up and partly verified against the observation for
the Yong Kwang area. This area was chosen for the initial application of
the heat transport model because a considerable amount of hydrographic
data had been collected during the survey in 1992 as a part of the contract
with KEPCO. Sensitivity tests have demonstrated the relative importance of
model parameters. Errors in the value of the heat exchange coefficient
produced little change in the structure of the background temperature field.
Tests showed the field to be responsive to change in the model dispersion
coefficients of say 10 times. Field data through systematic measurements or
remote sensing techniques will have to be collected for the further

verification of the heat model.

o 3D turbulence model



The method is based on finite-difference and uses steady three
dimensional k-¢ turbulence equations. The algorithm used is called
SIMPLE, standing for a semi-implicit method for pressure-linked equations.
Applications of the method have been presented to the problem of themal

discharge into the steady cross flow with a zig-zage coastline.

2. Recommendations

Models described in this report will constitute part of Heat Transport
Analysis System of KORDI. The two-dimensional far-field model can be
used to predict the transport of pollutants with a modification of decay rate
of transporting scalar quantities. Further work is necessary on coastal and
open boundary conditions of the 3D finite-difference turbulence model.
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Cp = Co+sgn- ULL(C,-Cy) (2.34)
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Cp t AXAZ t+ ot ol BE = BA cellA g 2
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Cp = Cob + (C’nx - Cob) 'F(a) (2.35)

Cm - BY & 0% 3F0] FAEE 5 A cello &8YA o)
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Co @ BANA 2H 2

Fla) : 2d YZ02 RYEHE 9 B3l 7Y
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2047 WEEE KA FAE 24 ¢
Co = C; + AC, Up = Q/Ao 2.37)
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FR AL ] 212 vl 22 Cold start AL 2%}
E§ =U=V=0 at ¢t=0 (2.38)
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1. 22844

AEYEY, Ve % ojux] REYPAL Staggered finite
difference grid Aol Zz W4E B3t FxAHEL.  $AHEYH A=
olm] i i Ul YE AHR3h= Y (Explicit scheme)& AME3}n
AEYEAM, U, V5834 €22 £AEH™UL. olyz] LR o|fyL
Smoothing€ 7%t Upwind scheme AM&-3tod Az®ch =7k} 2o
HEE Y AFVALE A3 A3 Smoothing AtiF o8 2 712XE 2351
gl 7IEHoR £ R okdf RIUARYo|RE Al QA Ao] AAAZ
4, Azt37], 4 $& 2= CFL23 (Courant-Friedrichs-Lewy stab-
ility condition)& w}Et},

271 Z18NEA (217), (218) @ A%WAA (222)= Fig. 213 gL
Staggered grid’doll Al XHZEIRIch. WA ALY AL thez} pr)

i- & d;U;-d;-1U;-, ei-nVin-eVi _

At + Ax + A)’ - 0 (2.39)



BANIN 44 i W e 22 Thas ok

d; 05 (hi+ 'Y ithiat ¢ i*l) (2.40)

05 (H,‘*‘H;‘ol)

e; 05 (H;""Him) = 05 (hi‘" §ivhin*+ & im) (241)

SEWRAL Tes ol WAl met e AEAex Hesis
Splitting 714-& AH¥TE &, A@17) X QI8 247 e ol 3
Ne= Uk

i M i
J - -
| §in-10 fi-n O Bi-n+1
i-n-1 i-n i-n+l
| (| |
1 | - | -
i-n—1 i-n i-n+1
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i-1 i i+
Ml 1 (|
— o | -
i-1 i i+t &
| Ji+n-10 gim O i+n+
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1 M i
J | . ]
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n : total column number

O ¢ - point
B U - point
OO0 V - point

Fig. 21 Finite difference staggered grid system.
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-7 - An'—a'F + Ay ayz (2.43)
U+_ Un . _ d U _ d U
— = U__ax V—ay (2.44)
21(2.18) :
v'-v. _ _ et _ _ty _
v T - U (2.45)
Vr-vt 3%y 2y
V+_Vtt _ a V _ 8 V
—r = U ax V—----—a " (2.47)

Flather and Heaps(1975)+= SA4t/3Atae] regle] 21(242), (244) 2 (2.45),
24antrez Axbstgdrt. 714 zpHoIAM U, Ve H Aol 293 A},
opaa s, SEunke] £ UF 9 Exigatas, 3agygazt Q o|faz
7t 29 Old time step (1) gkolx, U, Ve 5UENA ZEW3te

(=]

A

2h W W BRI} o|FE AT E¥ER] ¢t Temporary new time
step (¢+ dt)oll ) gk, U”, V' 5438 elN olfEAT dH
Temporary new time step (¢+ 4t)ollXe] glolw, U', V' U, Vet o] B
E 23Ut =Y New time step (¢+ At) oA 8] grolth 9Wol &3t w4
4] Time level2 A&t Schemeol whet H3im, 21(243) ¥ (246)8] Old
time M4 U, V'olx, 424492 (2479 Old time 4= U™, V*™olc}.
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Te = ky U (U?+ VB9, 1, = k,V* (U2+V2H)S (2.48)

o714,
Ui = 025 (Ui-1+ Ui+ Ujin-1+ Uisn)
(2.49)
V,’ =0.25 (Vi+1+V,'+Vi-n+Vi-n+l)
A 2](242), (243) W (245), (246)2] XREA]2 thxat Zrh
Ui-U; - §ia-¢&i (U%+ VH2
—=t = - g2 2L f U —t— + fV;
4t 4x d; (250)
U?—U,‘- = A U;+1'2U;+Ux.'—1 + A U;—n_ZU;"'U?m
At~ o= Ax* > 4y*
Vi-V; £i- & (T3+VHY2 -
JE. A N4 S g_i_l_ - f VT—+ — fUT
4t 4y ’ i 251)
Vi-V; = A Via-2Vi+Vi, +A V;-n'ZV;"'V:’m
a - o= Ax? » 4y*

Flather and Heaps(1975)= uhdA+& 000252 27B3l3 4 (250) %
(25D)01 A ohaeg AN £HE di, ei thilol thEzt o] Foich

D; = max(d;, Ho) , E; = max(e;, H,)

D; L Ei& 871¢ o] Bstd ol H, ol3t7t HA| ¢derh.  ol%

R

o] mpdslel tht HA4HE A Fio] YR 2o} Quadratic lawd
£ 4 Q= Aol WA= A7 A ulE npel 23 FEF oz
2] E 9x|¥ 4= 9ith. Flather and Heaps(1975): %22] Morecambe Bayol A

oy

2] H g Ho=100cm= 3}gict.
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c}.



2, P22
(1 a0, LU N - - £ (¢ £+ 2,
Ur = Uit Aa—2 5 (Uln-2U+ Ui)+ (252)
A~ b (ULy=2U+ Uien)
724 Y2) 12 .
{1+ 4, L;V)—-]V‘ = Vi ELL (L= ¢ - a6T

VI = VitAp—Sb (Via-2Visvi)  (253)
+Ayy_AA;,t_2—(V;—n'2V;+V;+n)

olF¥E Uehie 22449 U (2472 ADE(Alternating Direction
Explicit) H¢] %< Roberts and Weiss(1966)8] “tiz}-ul*¥(Angled
derivative method)”& ©|-&3le] A4ttt ADE %d2 Double sweep &
g3t EFALAZole ARG P FolA Bkt R Scanning 3tHA U,
ToE A= Upsweep & ulod, geAatr Zol: 3igto] A Abgh
L8 AYsHAM V, U 22 Artshe Downsweep HF & = Hojt) o]
712 Upsweep 4] UL 4 & 4x] 2215 Downsweep 4] F43t= 53

& 723 gtk

Roberts and Weiss(1966)2] Angled derivative methodE cth23} & 13}
d ol FUF Ao 3] Aln )

aU aU
ae * U

HZhelyg S vy A W@ Fig228 gol A2z} gzte] Half-time centered X}

4 & AHgEch

UT-A-tUi . T O.5(W+Ui+1L-x0.5(w-1+Ui) - 0 increasing i




U;‘Ui + T]- 0.5(Ui+U;+1)"0.5(U,‘-1+U;:)

4714, T; = 025 (Ui-1+2Ui+ Uiny)

n+l ¢ F

t ¢

i-1 i i+1

n+1 - D

no g ©

i-1 i i+

o known values in the i sweeps
B unknown value at (i, n+1)
o values diagonally centered at half-steps

Fig. 22 Angled derivative method.
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U;-U* 05(U;+ Use1)-05(U;-1+ U")

- Ui Ax
L (VEat VT Ui UL, VISVEL U7l )
2 2 Ay 2 dy
(254)
ViVP | L( ViU VELVE, UPy Ve Vi-Viy)
At 2 2 Ax 2 Ax
_ _V.;"_ 0.5( W-n+ V; L;O.S(Vi + V;+n) (2.55)

AN, U™ = 025 (Up+2Ur+UL), V™ = 025 (Vi +2Vi+ Vi)

ZHEAANNZ (i 4 5 downsweep )

ViV L ( UPUEs VieoVi, UfeUly Vi-Vi)

a2 2 Ax 2 Ax
V= 0.5(Vita+ Vi) =05V +Viin)
i 4
y
(2.56)
U;-Ui* . —= 05(U;+U;.)-05(Uit+ U;)
y T Ax
_L( Vita*Vitpa _Uita-Ui" | _Vi+Vil UE—ULn)
2 2 Ay 2 4y
257)

BBAAY BF  Ax=dy=4sE & 4 QUSEER 47| A(239),
(250), (251) B 21(2549)~(25N)& tiAl Felshd tigz} Ll

ij/&ulﬂn .
§i-¢& diU;-di-\Ui-1+ei-nVi-n—eiVi

+

At as =0 (2.58)
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Ui-U;  _ §in-¢i U+ V32
At = - E—T - fx Uf“g""—;‘"‘)—" + fVl'
: ' (2550)
U-ui A Uin=2Ui+ Uiy, 4 Ui-n-2Ui+Ujin
At fod ASZ xy ASZ
V?_Vi {:‘ ;+n l]2 2yl -
At = - & A§ ny‘ ( ;V) - fUT
. ! (2.60)
Vit-vi A Via-2Vi+Vi, A Vi-n=2Vi+Viin
At yx ASZ yy Asz
oli‘—alﬁxl :
- E4A4RZ (i &7} ; upsweep )
Ui-Ut ur . .
P = - S (U Ul Uiy~ U= e { (Vi V) (U= UD)
+ (Vi+Vi(UT-Uiin) } (2.61)
Vi-vi . e . . e
= - UR UBD VRV + (U Ul (Vi Vi)
vr . ,
-5 45 Viea* Vi'-Vi-Viia) (262)

- B$A A2 (i 24 ; downsweep )

V;_V;. - & + + * *
= - (UP URD(VE- VD) + (UR+ Uba )V - Vi)
—_ZZ;S (V::"+V:—V:‘—V;+n) (263)
U-vr U g .U .
SRS (UF+ Uba= Uy U - s { (Vi Vi (Uit~ UF)

+ (V“+V‘11)(U$-U?+,.)} (264)



2. =3 A7y

FX AN F A=Y HF - 2BAFE A k&4
2 3385 ALAode MELE K4S AUt =22 XNesle #4834 24
B2t VAXNE 242 He % eolet o Ax U B¢, 0

fr
Jo
A
o
fo

water depth of A > Hg
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() Hi{>Hs, Hiw>Hs, ei>H.

Ai
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itn

(i) Hi>Hsy, Him<Hg, e5>Hm Ei-Chn> e

Ai
¢
A N
ei |- &
v A .
i+ T $ivn
L 0
A = § ;_ C ;+n> £
(ii) Hi<Hg;, Hixm>He, ei>Heg, §im-Ci> e
vi
A ﬁ g
ei ¢ ten
A A .
i4n [_ ___________ ] § :
' 0

A = §;+n"§;>5

olzhd A(260)0& ol-&3t Vi, Vi'g AlMsla, 18x gdod Vi=0 o= 3

tl. Flather and Heaps(1975)= Hs=0 con, & =10 anE F4t}
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7t 2973 A=3

Z97t FolAE B BAEN L F8 A=) {-HolM dA AHFHch
thgo 2 FAUE JtEAZE §4& 7129 H4E o83t Aitss] 3}

>

L.
T—

§i-¢ . 9iUi-di-\Ui-1*ei-nVin-eiVi
At 4s

ZARAM L ol it ThE HeR & 4 9len,

diaUiy _ _§i-8: | diUi , _einVin—eVi
Aas At 4s Ads
Ui = { ‘ji (¢i-¢y + diU; + ei-nvi—n_eivi}/di—l (2.65)

4714, ZAE golde ZAE AFHA] ULER & {7} QleBR d;,
< v} o] 7PE ¥

di-1 = 05 (hiay+ §ithi+ ) (2.66)



& Open sea boundary © i
o § oi-fl o 1} o B oi-fl o [Ri-n#
o _ﬂﬁ] o o !_—Di—n Bi-n+1
oi-1fi-10i Ti oi+l oi-1fi-1ei i oi+1lli+
(8] ——Ui o [n] mi i

o B oivnll o | o B oitnl o 11
|
(@ (b)
o ¢-point, B u-point, o v-point

Fig. 23 (a)A y-directed open boundary, and (b)a convex corner
formed by the junction of x-directed and y-directed
open boundary segments.
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Vi& A33loo} AUrh o] BAg AR fUHE flux, Qs theat 23

Q(t) = di- Uiy + eiV;

°]

AEY PNl 3 that o] & 4 girh

fr

§i-8i |, _diUiteinVin _ _diaUiiteV; _ 0
At Ads 4s

QO = —LE(8i-¢) + dUi + ernVin (267)
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HolMel 84 Uiy, ViE 7317 $lsiME 2718a 34z "asich

)

o] A& AAY A% ML AY 23R U, VIOF F817) fsio

5ol 7| X288 Taylor S50l AL ate] &3] Fo{Ack. &, Ui
&) 27133x UL thest go] 3¢ 4 At
A4s?

Ui—m+1=Ui-n+ AS(Ux+ Uy)+ 2! (Uxx+2ny+ yy)+0( AS3)+O( AS4)

45® (1 ol + ) - O 4s%)+O( ds
o) wt2Un+ Uy, s 4s%)

+ | U9=Uipn- 4s(U+Uy)+

,(9} + Ujigpsy = 2Uj-p + ASZ(Un*‘Zny"'U”) + O(AS4)

aU _ oU
o714, Ux ( 3; )i-n’ U"_( 3327 )i—n’ ,
- U _ a°U _ ‘U
Ux _( ax? ).-_,.’ U”'_( ay? ),_,.’ ny—( dxdy )i—n
L
Ui-ns1=2Ui-n* Uj-n-1
XX ASZ
U;— _2Ui—n+U;
UYY - 2 ASZ
U, = iz~ Ui -Uiy*Upy
» 44s*
ojlm=g

Ui + Uiy = 2Uin + (Uicgn=2Uin* Uizp-) + (Uign=2Ui-p+ Uy
+ _%_(Ui-m*l_Ui—Zn—l'UHl"‘ U;-1) + O( ds?)
o]z, olg} e ABE VIO iy = Hg3td zz} g3} g
U = - 4Uip + 20U Uiner* Uiz Ujop-y)

(2.68)
= (Uignr+ Ui-zn-1+ Uiag) + O( 4s?)

_._44__



VO = - AVip + 2(Vir+Viepz+ Viegn+Vicn)
(2.69)
= (Visgna* Vit Vig) + 0O( 4s?)

7] Wies 7Y mA AAW $4¢ 2732Fx QO X thee) BA

H AR o183 ui-y, viE FTH

di-y = 05 (hi-;+ & ivhi+ §) R e = 05 (hi+ §ithiat §3)  (2.70)

Ui, Vi AL 1) ZARE B3 flux PBAE o83l Vi 133X

vg 23le, i) VO3 VvIPE B3 223 vPg pstn, i) VP

g flux $AAL o]gsted ULE 73 % iv) UYx UME Hastd A

AR 4% Uiad 7312, mAgeg v) Ui R flux BEYE o] 43l
Vig ¥t F,
vV = {(Q - dilU%Y e,
@ = 05 (VO + v},
UY ={Q - eV®Vdi, (2.71)
Ui = 05 (U9 + UXNY,
Vi ={Q - di1Ui-1}/e;

weld, HFFAA Ui=Uia() @ Vi=Vi(d+e 2] 260)S UFYUTL

]O

2708 FolA BL Uiq(t) @ Ve t=Y +

7488t} Fojzlch



di-1 = 05 (hi-1+hy) Qd e; = 05 (hi+hin)

2 U A2 ZAD &
(2.64)0] ZABt o] Fo Zcl.

(2.72)

Gabdel] ey Aol FeT AR5~

4., FAAPXA
22 QR ZAL S$AAAL QL o] Fatol thyt 2Az2 Fatye] i3] wEs}
oof gith, WA $EAA U olFYel iy $AFPzAL T3} Prh
At < As/{(ZEH)w+U}m (2.73)

o714, U= (U%+VH¥% ojr}.

Hitgto] ARt B

29 von Neumann %] Q3

1 A4s?®
at < 52—

A7 S2oM Ay, Ap = A, Ay HI3 2

223 the3t ¢t

Reg 7P Act

(2.79)



A 54 ool -FHiuando XY o Pz
1. X234

do|E - FahtAA e xpZ2HoA 1Y GAHE e AL olF¥L A
2| 2A 2 dFoME 4% “Donor cell method”(Gentry et al, 1966)2} &e|+&

2% Z A} (2nd upwind differencing method)S AH&-¥ith o] F3 A 24|
7i2dutete 2 Leonard(1979)ell &3] #tE 3% FAREHY =do] & Fol

2% FAAEYS Flux &Y ELEUANEEANE thE E2 e

ci-ci _ _ _Uucr - ugc
7] A,
(3.76)
EZE
cr=c; for uy>0 ¢ =cip for u- <0
c= ¢i-1 for uy >0, ¢ = ¢ for 4y <90 @77
o|tt.

2714 & BEZA wiel Figs. 22 vehfd o3} Zrh



Du>0 w>0d 3%

ILO>
|

i-1 i i+l

. ¢, outflux concentration
! u,, outflow velocity
. ¢, influx concentration
I u;, inflow velocity

vRvVO

2D u <0 <oy R

o

Yol
|

i-1 i i+l

® : ¢, influx concentration
4 ' u,, inflow velocity
O : ¢, outflux concentration
< ! u;, outflow velocity

i-1 i i+l

O : cney, outflux concentration
> ! u, outflow velocity
4 ¢ u, outflow velocity



i-1 i i+l

! ¢r, influx concentration
. ur, inflow velocity
! ¢, influx concentration
! u;, inflow velocity

vVEA®

o] 4+¢] Donor cell methodE o] &3hdA o] F32 tha} o] FAIHCL

d
- —W(HUC)

714,
U.

Vn
de
dw
€n
es

n

ad .
- -W(HV (9]
= _—j?(U,d,c,- UuduC) - -Aly-(V,.enCu—VsesCa)

(2.78)

= Ui, Uw = Ui-]
= Via Vs=1V;

05 (H;+H;.y)

05 (H;-1+H))

0.5 (Hi+H|‘-n)

05 (Hi+Hi+n)

= total column number

3 2% FAAEY wte} vt Ltk



Ci1 U =20 ,
Ci Ur 20/ C1={,- U <0
Cr = {c,-+1 U, < 0
Cim Vs 20 (o)
Ci Vﬂzor Cd={Ci Vs<0
Cu B {Ci—n Vn < 0
X e 2z At
Z} BAY/ZAE] xHEAlE o3t
Ci-Ci
Ci+l—Cl dw(sz)w Ax }
aC _—:l—'{d (Dxx)e Ax
a - e
dx (HD’“ ax 4x
Ci_ci+n
Cin-Cy - s(Dw)S Ay }
0C ) 1 {e (Dyy)n Ay
d - n
3y(HD” 8y> Ay
1 ( Ci-ntCi-ns1 Ci+n+zci+n+1 )
aC\._1 de(Dy)e 2 dy 2 2o
aax (Hny dy ) Ax { ! ( ConrCrna G ! )}
1 Cin1+Ci-ns1 Ci-1+zci—n—1
3 acC )=_ 1 {en(Dyx)n ZAx( 2 Coripi )}
dy (HDyx dx ViRYy . ( Cit+Cimer G :
mes(Doxds 5y 2
(2.80)

- 2,
E rde AuAE Y32 E  dx= dy= 4sE ¥
(2.80)% Al(2.23)0fl x|&sPA i3 Ul

A1(2.78),279)



HICl = HiCi - —45(UedeCr-UsduCrt VienCuVie:Co)

CC,

+ 2L [a] (D) —FE+ (Do) e (Cat Crem Ca- €

a
du| (D,“>w~%‘5'”—+<pv)w—u—(cn+cm— Co-Ca))
o

+

(Dyy)n ===+ (Do)~ (Ce* C e~ Cu= C)

As

- e (Dyp)s <5554 (D) i (Cot Caem Cum G|
+ At'kaC;
(2.81)
oA 7]A,
C. = Cia, Cv = Ciy, Cn = Ci-p, Cs = Cin
Cre = Cinsl, Cuw = Cisp-ir Cse = Cisnsg, Csqp = Cisn-l
ojc}.
2. AZ3=xA

fréol ABY ZR, olF¥el il 2% FLAEUE AT EA(Y
ANEEH ] AP 2AL thi3t 23 (Roache, 1972),

a4t < —-—I'E_—-—:M— (2.82)
+

Hibgto] LAY B MBRAE ohg3t Ao
1 4s?
4t < Du-+D, (2.83)
ZEAHoT (282), 283)& T&F3l= F9 A Ay GojArh.



A 63 2y AL

2y ubg HAE Y AFE FFo2 g Edo] £y 3%
AxY wALE Mgy ERd dAd 93 T An] A Hel sty
"zl 12377} £A8F0|3 34371(L,2% 718 SF#R7D 7t A4 Fol sk 4
2t a2l wlL 559 U3 B A9e JIEEe viviE dZE=Y
HA42E Jinln] H4-&F BF o T00mFI5E @dL FRE] URISHA
&z o] JIcHFig. 24 A=X).

g% Y Heas 2L H¥RI(Outer mode)zt wiF-E=(Inner
model) F7IX2 F4E =Y JFELY R AFA D F2A1, 284 24
sted Ao R 2d(Inner mode)?] 3¢, 7 AMBA RIS PR
e AxZAzE He Fe"r)h. Fig. 259 Fig. 262 9% 3dg st
)2 29l (Outer model) 8] ZA=tg2} F 2w (Inner mode) ] FAApY @ “Redsg
Aot HxtAIe wiESE FLF o 38l 180m x 180mE HF-E
Qo] ¥ ZAxle o 300007, WIF-R2EY F A} of 800070t R
AL TFAYFAH1992)Y] el FH FASZAEY = 34471 ] &H
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Fig. 24 Location of Yeong Kwang power plant and the layout of the
intake-outfall system
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Fig. 25 Finite difference grids of the outer model.
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£ FH FFYETHE T3] JEUt. RN, RF AFES 2 42 2R
o] o]F-AUFE AAHen, EAldE B3l Fuj8  Aanderaarle
TR-7(Temperature profiler)& Al¥ AX|stgdcrt. A¥AMukg o] &3t +237
X o]F#Fol= Aanderaarl®] AquamaticE Alg3stgon zt FA 9x A
Folli= GPS(Global Positioning System)7} ©]-€% ¢t} Fig27& w&1d3
of lkm=]Holl M2 TR-7o] s +3H F 9 3P AALE +2A=
oltHE % 34 F B E ZMol ulgl Sensor F4l0] A% WIBIRE A H =
4stch). Fig. 282 wj&4-2 FHe 27 570m, 950m, 2700m "ol =] Ho
A AEN F2AFZE RAo mE HEIL T3] 2z A}
3132t F2ahs MEF AZolM Aol 45T U2 velyict

_56_



Table 2.1 Summary of field measurements carried out in conjunction with

KEPCO’s R&D project.

HYH 483 BEHAN(Z ) BRI .
N4+ 35-24-03, 126-24-08 "92. 8.18
3F¢2, 2R ;
¥ 35-25-52, 126-24-56 92. 8.18
=2Uey L
T ‘92, 8.18
Cl 35-29-16, 126-24-10 "92. 8. 1-8.23
c2 35-24-49, 126-24-45 "92. 8. 1-8.23
Z% ARUY c3 35-25-34, 126-24-45 "92. 8, 1-9. 5
(ROM) c4 35-23-59, 126-25-10 "92. 8.16-9. 5
3 C3-1 35-25-28, 126-24-56 "92. 8, 8-9. 5
Cd-1 35-24-18, 126-24-55 "92. 8.17-9. 5
29 ARBE Tl 35-29-16, 126-16-39 '92. 7.31-9. 1
2 (IT¥G) T2 35-32-33, 126-26-08 '92. 7.31-9. 1
- :
'*‘-(;“Rf";%é 35-25-27, 126-25-02 ‘92. 8. 1-9. 5
a Bl 35-18-16, 126-17-50 "92. 8.21
- B2 35-20-05, 126-14-82 "92. 8.21
Z/. 4L SRR 35-31-80, 126-26-00 "92. 8.22
BA 35-33-65,126-25-03 "92. 8.22
5 | sraam 35-26-40, 126-21-59 92. 8.17-9. 5
L= K]
FRA ARDS 35-24-04, 126-24-10 '92. 8.15 -8.24
 (Aquasensor)
Sl 35-23-56, 126-23-35 "92. 8.16
52 35-26-26, 126-25-03 - "92, 8.17
2o AUy 53 35-25-32, 126-74-28 "92. 8.18
51-2 35-23-59, 126-23-39 "92. 9. 3
S2-2 35-26-51, 126-25-24 "92. 9, 4
° '92. 9.28-9.29
g1 wmxa s yand :
3 92. 12.16
-1 A= N F 40=]3 YAL 23 '92. 8.19-8.22
o 4eRUHAAE
Al
a2 a3 &3 a4 2]
‘92 317 8.30-8.31 8.10-8.12 8.10-8.12 8.11-8.13
. 11. 12- 10.28-10. 29
92 1 .28-10. : : .12-11.
A1) (BERYW) 10.28-10.29 (nmzx) | W121.13
'92 2A(2) 12.12-12.15 11.24-11.25 | »
‘92 %7 '93,2.9-2.10 | '93.2.26-2.27 | '93.2.19-2.20 |'93.2.24-2.25
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Fig. 2.8a Vertical variation in water temperature off the discharge channel of
Yeong Kwang(St. 1)
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Fig. 2.8b Vertical variation in water temperature off the discharge channel of
Yeong Kwang(St. 2)
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Fig. 2.8c Vertical variation in water temperature off the discharge channel of
Yeong Kwang(St. 3)
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A 3% BB NESE FHLE ¥EH=

a4 a4 A, A, ¢ FoE 249 °oF U Hi iy
ML AR, A¢F L 2T 24 AL AU JI Lol 2
of 3l ol o]Eg WHFAYA LAY + Yt BES SASA Y=tk
E oL o]5g a7 AT 2IUAY ko2 13dE AU #4
B 23 FREYe] 1A R F JI2IE3A 2uis Hatd
e 433 84, §o /1Y £39% YT L AE AHolAY £
YAy A IUsHE 33 GFHER MUE thEth

A 24 712434

2uj4:9] o|F W Bate] Aol AHEE = A °4—’—'=‘r, 5T 4 =3
2322 o3 gt

ALt A
o (pu) , _3(pv) 3 (pw) _
3 3y + 35 =0 3.1



d(pu?) , _3(puv) , _3(puw)

ax ay 3z (3.2a)
ap a du a du
- SR e (g ) 55 (e ga )
d(puv) , _3(pv?) , _3(pvw)
ax ay 3z (3.2b)
__3p 3 v 3 v
= 3y + 3y (ue )+ 32 (ue 3z )
3 (puw) . a(pvw) 3 (pw?)
dx dy 3z (3.2c)
___9p d dw d qw
- az + ay (ut ay )+ az (ut az )

A714 pe fAY HUE, pe ¥Y, v v X we x-, y- ¥ z- Yol i3t
At BEREGolL GFEFoUAI(k)eE 2 & ()0l ¥ G{FALAS,
nee TH 2} o] AR M

2

we=0Ct, (33)

g 71 A4 C.=0.09.

27 Q28 ASTEoIN SR PHAe] Uehd x-4ate] Bagre
ARy X FAPV@ED 2 AL deng B sHsichMcGuik X
Rodi, 1976). ol €53 WAAol YPRARE F=I%ole} gt Ee
o] BHR WRAS x-Pyol i ZEY PFAOT AV} P ¥
B4 Hele) AV AREE 018 Mol glolN AR Aotk W &5



T BN x4 FUAYS Y Jhesta Ex A YAANAAME npstA]

3 (puTl) 3 (pvT) 3 (pwT) _ 3 aT 3 aT
dx + F) + dz = ay (rt ay )+ 3z (rt 9z )

(34)
7N T: £xo]3, T'is YHHAALE Tr=u/0.2] BAS 7AZ, o=
Prantl42 0.9~1.00]c}.

sh4=2) Alelugale oheat gk

p= (99984 +16957-7.99 X103T?-46.17%x 10T+ 10556 X 1091
(35)
- 28054 X107 27%) /(1 + 16.88T")

714 pe] w8l kg/ni, TE Tolth

.

SEY WHA U L& A PRAINY GEPAAS FHBAA S
AL AW kU ¢ PFAS QAo} Yol x-uate] TS gAY oz
ka3t gk



(3.6a)

dk
az )+G—5

2

3 (puk) , _3(pvk) , _3(pwk)
ax dy iz
__29 pe dk 3 He
- ay( o 9dy )+ az( Ok
a(pus) , _d(pve) , _3(pwe)
dx dy az
- a ( IJ-t 38) a ( ut
dy O: dy 2z O:

A7l C1 =143, C2=192, 0, =10, 0: = 130132

C}HRostogi & Rodi, 1978).

CR £ noC,

(3.6b)

GE B4ges g3 2

d
G=nf(Z% e (2 ea(FE (5

dz dz

A 33 FA3IY

1. a2y

Jw
32 y7] (37)

Bpjat Heje] Staggered® AN F45 u v B wo} 2T p, o, k

W £2] Fot Fig. 310M2 23, HAxl= EWNS 4 PE EA¥th ¥2
ZEY wpAae] Quby 4304 Vele Fig. 320048 o] Fe= FAE
A Aol tisiA A B Fig. 332 AMY y-zebde] oidt AAAH =

e, w, n, s= PE, PW, PN, PS ¢&] F3olt}.
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42 AEEAG2), G4 R GO Tha Yol YN Fosid
A 7

a(pue) , _3(pve) d(pwo) _ _ 3 3¢ 3 3¢

Hybrid Scheme?] AHg-o] o} (3.8)2]2] A1 el= FUxHE Helold f45
i) wae] wel APAES Yol Uehd e thast Yok
AP¢P = AEQE + Awd)W"'ANdJn +As by +B (39)

4714
Ap=Ap+tAw+AN+As+Fy,-SpbylLz

B=Fybpu+Sulyrz
SutSpdp=SepAyAz
Ag=[-F., D.-F./2, 0]
Aw=[Fu, Dy-F,/2, 0]
An=[-Fn, Da-Fa/2, 0]
As=[-Fs, Ds-Fs/2, 0]

Fu=(pu),u AyAz/Dx

olm shAAl ul BAEA] x-$yOoT AYSAN y-z Blel ths) wAF
4 sHs (Marching integration) Wgol22 @) FEshs I (Upstream)
olde} F1A1Zke ulgith. [] & A%E Holgte v el



Fe.= (pv)e,uly, Fyu=(pv)u,uldy, Fp=(pw)yuldz, Fs=(pw)s,udz,
D.=T . AyDz/(3,)%, Dy=TyuDyAz/(8y)3, Dn=TnaAyAz/(5;)2,

D.=T AyAz/(5,)% ot}

T5F YA iRt AHEA 2 o) chyt Ukl XAl cia ol E ¥

efjojx}.

Apup=ZAnum+B" + (ppu - Dpp)a, (3.10a)
Acue=ZAnmUp+ B'+ (pp —pE)aE (3.10b)
Anwn =AW+ B + (pp -pN)aN (3.10c)

714 Be H@9elAet 2 YHeE Faiu kY FAtS AR uUnx
Source®} T& FHEI Zlojrh 3HHAl nbe F<EHEL] AANFA FHAA
AR AH] AAE onjyich

2. 4A-52573
EET BB AMolA o] JAZfe] ol ER MY uv D w
o Zr2 A&WAHAE whEx] 23t wheld 7 Guess-and-correct’oll 23]

dFFe £33 2ol e K52 F30] 27"l EF YA 2&
B 4% p'E °l§ thE ol v” W w'rt AL

Acve=3AwUm+B’ + (p, -pk)ax ‘(3.11a)



Anwn =3 AW +B” + (Dp -DN )an (3.11b)

ol v* W w'e AFYAAE WFA XYk YY p=p'+p = $3Y
thd Y Aol ¥ LF WHME BN &= 43N v=v'+0 Y

w=w'+w & FI}

Aeve =ZAmUm* (D - DE)ag (3.12a)

Anwn =ZAnwm+ (P, - DN )an (3.12b)

Axre) Bl Y8l SApvm N SApwse TS TRz} ok
Ve=0s+0 ' =ve+de(p, ~DE) (3.13a)

Wa=wh+w’ =we+d,(p, -pn) (3.13b)

AL 43 p & ASLVFAE ol g3l Ut

[(pwpp-(pwpu]lAyrz/Ax+ [ (pv)e-(pv)u]AZ+ [(pw)a-(pw)s]AY
(3.14)

A Q1AM &= 32 (313) tigsid k3t Zrh

Appp = Agpg + Awpw+ANDn +Asps +bF (3.15)

AZIM Ap=pede Lz, Aw=pudylz, AN=pndp Dy, As=psds Ay, 8|3

Ap=Ap+Aw+An+As+ Fy(upa/upy-1)



brp= [(pv*)e-(pv*)ul Az
+[(pw*)n- (pw*)s]l Ay

+[(pu)pa-(pU*)puzl DyLz/Ax

444 23 74, 27 1 3A=

B a3k 3R A2BEo| EAste FuLdon PEHE 2uldo
ojgt 402 Fig. 340149 2L wiE 2ol thala H Rk £ el %
sk Alo] x-uarel chal EEWOIRL y-z Wrlo] tiet 2318 Axlel 740l
f3"ch y-wso g Axle WEFH(FAPHIE 10-1502A oAM= 1mo|i,
N2BE RN 2m 27 07} AAT BmE, z- YL A=K 05m3
Al 207} AR 95mE Lol 10x20¢] ¥ldE AHA Bt

x-ugko 2] Ax}:= B AAlo] Marching integrationd}Al HEE W&
ehdol A 80m7HRl & 05mZtAe] Mgy HAo g AYPH T 1 thE 160m7HA]
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algorithmg& o]%%t Line-by-line ¥Hoil &J3jA L¥ic).

3) F3E YAl 3] x2o] oI FEHEEEe AAZHLoE AHYFAES
THEA]F]R] Ry wield AE AYSHRFL] BE HA2PHA dHUEY
S UEAF dizbA] ¥RFA Y =& B ¢¥ d /42 3 YL

4) 2zZejelol cidt AP AL A ZERY UL ol&3lo AHE 3R
oA ¥t
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Moy FFY7iA] A& Bg ohlzlt HES FAe wE FY3(y)
ZAte] R ulA AL FHHSE AR T 23] L

6) 2)213)2] WA= ALY B A EUFAA op7|E L AEFFHU F
kel 05% o3t wi7hA] k&3t ¥yt

463 g U
22145 RaxoMEe HAFARY APYer B HAFS AASA X3t
2 pdE 2o Test rung F3A ZFH U 2=l iy el g2
2 H54E 24Pk Test runoll AHERE vl 27AL Table 310042t 2

t}.

Table 3.1 Test run conditions for model simulation

Run ue(m/s) wve(m/s) R T,(C) Tl(T) Fg

1 9.80 10 9.8 215 135 25.98
2 9.80 20 49 215 135 2598

Table 3.104 R 2ul4 W& FHuwed FBE 7IREF vodtd ¥, &
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PLANE VIEW OF
Y=352M TEMPERATURE FIELD

N

CROSS-FLOH : 1.0 M/S o

UNIT : DEG C

2.0M BELOW THE SURFACE X=320M

Fig. 36a Plan view of temperature field in the presence of 1.0m/s cross
flow(2.0m below the surface)



PLANE VIEW OF
Y=352M TEMPERATURE FIELD

CROSS-FLONW : 1.0 M/S

UNIT : DEG C

S.SM BELOW THE SURFACE X=320M

Fig. 36b Plan view of temperature field in the presence of 1.0m/s cross
flow(5.5m below the surface)



PLANE VIEW OF
Y=352M TEMPERATURE FIELD

CROSS-FLOKW : 1.0 M/S

UNIT : DEG C

VO

8.0M BELOW THE SURFACE X=320M

Fig. 36¢c Plan view of temperature field in the presence of 1.0m/s cross
flow(8.0m below the surface)



PLANE VIEW OF
Y=352H TEMPERATURE FIELD

CROSS-FLOKW : 2.0 M/S

UNIT : DEG C

2.0M BELOW THE SURFRCE X=320M

Fig. 37a Plan view of temperature field in the presence of 2.0m/s cross
flow(2.0m below the surface)



PLANE VIEW OF
Y=352M TEMPERATURE FIELD

CROSS-FLOKW : 2.0 M/S

UNIT : DEG C

S.S5M BELOW THE SURFACE X=320M

Fig. 3.7b Plan view of temperature field in the presence of 2.0m/s cross
flow(5.5m below the surface)



PLANE VIEW OF
Y=352M TEMPERATURE FIELD

E

CAROSS-FLOKW : 2.0 M/S

UNIT : DEG C

8.0M BELOW THE SURFACE X=320M

Fig. 37c Plan view of temperature field in the presence of 20m/s cross
flow(8.0m below the surface)
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NX = 109 NY = 126 NIN = 7885

Fig. 41 Variable grids for Yeong Kwang
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1
Y= Iof(n)g(n)dn = 0441
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