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Appendix. A

EXPERTMENTAL DATA



RUN Nutgsn LWL,

..S.‘;’.er.C.e- Temperature at current speed 06.. m/sec

3250 3150  32%0 .50 3250 3250 3250 3250 32.00
3250 22.50  32.50 32.50 3280 3280
3.0 3323 3333 iaas 32.50 32.90 32.50 32.50 32.55
32.99 53.28 Bg2 34.99 45.04 32.80 Direction
of flow
. ' . . . . . . - S
32.65 32.65 3389 34.00 35.09 3494 3847 3450 B 3240
. o)
33.23 24.00 3404  35.50 891 340 seso ssgg 3250
33.21 3379 34.57 35.01 35.28 3892 332 32.84 2277
3,57 33.00 3355 3274 32.50 3274
3299 3299 3292 32.47 32171 12.50 32.67 3250 32.96
4
[}
Nozzle Diameter .... 3 eessses metre
Scale

Ambient Temperature ,.32-50,...°c

Discharge Temperature ‘.‘2.59 Yol €

-_—

——

Date & Time ,...27.[5/77. . 00:45 RM.

sessrenean '--—.—__100 m—"—ﬁ'




-2 L_

- Nozzle Diameter ...... fl'. esses Metre

RUN NUMBER , 2...

1 .‘ch.eTemperature at current speed ., 0.6 .. m/sec
32.10 32.10 32.10 3240 32.10 32.0 3210 32.10 32.10
3456  37s9 372.b4 325 32.01 22.10
3250 37.bb 32.bb 3173 3286 3288 3347 33.34 82.10
3227 3254 3254 3286 332,  33.00 3369 3386 32.10 Direction
of flow
3242 3244 3744 33.56 3364 33.69 3395 34.30 ® 35.10
3254 3254 32554 328 3328 3327 3o e 3210
3269 3271 3283 3300 329 3286 2334 33.59 2.7
3154 3307 3329 3122 3220 32.20
32.22 3125 32.34 32.27 32.22 32.10 3210 32.10 32.34

Ambient Temperature ,,32.10 .. .. °c

Discharge Temperature 42:10, . ces - =

. 21[5[17 11:00AM. ,
DatB&Tlme OIOIIDIOUOIIOUIIOIIOOII M '.*___100 m-—-———'




RUN NUMBER ,32,..

...S.QYfQQ?- Temperature at current speed ..0.6.. m/sec
32.00 32.00 32,00 3200  32.00 32.00 32.00 32.00 32.00

3759 3259 23295 3278 32.00  32.00

Fu'm 3354 3273 3is4 3300 31 35.00 33.02  32.00

334 324b 316 3273 3503 3300 3348 30 32.00

5239 3239 2266 3349 . 3349  33eg sdoo  u20® 34

# 3249 32bb 3033 3573 3326 3337 330 3500 2.00
3241 3288 3288 3340 3346 33.12 3305 3263 BE.IQ

3027 3228 339 3210 32.17 32.00

32.20 32.27 32.27 32.24 32.27 32.00 32.12 32.12 32.27

Direction
of flow

—_—

Nozzle Diameter .... 5 eesesses Metre

Scale
Ambient Temperature 32.00 C

LR I I

Discharge Temperature 42;90 G

LR R B A )

-
——

Date & Time ..2© [5/77 10:20AM.

L R ]

}--——-—————10011‘1———--'




1~

RUN NUMBER .4...

..S.U.'.’fsﬂ.é?- Temperature at current speed .?:;5... m/sec

3113 731.05 3.0 3.0 3115 31.07 3110 3110 31.15
3125 T3LIS 35 B, s 34T 3105
%1.22 3220 "328% T324% 3225 3’5 "3).49 3115 T30
3).56 32.63 33.15 3520 3321 A 35 Direction_
of flow
322 3N 3223 "33.20. 3320 3322 3339 '34.0% 31.15 Ay
3150 Tl 3200 3307 3359 BBoo  3s.07
31.34  32.45 3205 32.28 3235 3223 3235 322 31.22
371 T8l T3S 3200 3L24  Bq2
L 2\24 324 3100 ,31.00 3122 3122 3122 3l.00 3110
Nozzle Diameter ,... -:.’QQ .ss metre
Ambient Témperature ak1a.....% Scale -

Discharge Temperature

41.15

LR A R A A A

Date & Time ... 2/4 /77

LR R

45

Q PM.

e 10O M ————




»

RUN NUMRER . 9.,

. .2VYfASE Temperature at current speed ..0-8.. m/sec

3011 3047 3020 3020 3022 2020 307 3047 3020
R8T 3047 3007 3007 2017

3066 3100 3086 31086 3098 3095 3130 3027 3027

3020 3047 342 3044 3119 328 308 Direction
- of flow
3030 3034 0% 3063 34k ez 3490 3237 332

3020 3007 3142 3098 3120  FH28 3147

~GL-

3034 208l 3083 30490 31.05 3005 3138 30.6b 30.37

3042 3021 3our 3046 3049

3017 3022 3022 30.20 30.22 30.22 3017 30.24  30.42

vozzle Diameter ... 4.00 .... metre

Scale
.  Ambient Temperature 3Q-17......°C

Discharge Temperature BOIL s

Date & Time .2/4/17...11:30AM.

LRI R B R AR

-—
L




~9L-

RUN NUMRER , 3 e

. Temperature at current speed .99 .. m/sec

3117 3120 3120 32 3124 3124 3100 3100 3100

35 35 3 a7 ais
318 385 3200 300 3500 3145 3305 305  3l02

3.21  3i51 3209 3233 356 3y 276 3iig

3157 337 sl6l  3ed  3hg 254 3249 oo 338

3i5) 346 3z 3345/ 3yum. 3273 3281 3205

215] 3.98  3ige 3183 33 3203 3203 3120  31.i5

305 3ex s 35 32

30  3Llo 310 340 3107 3.07 3105 3105  3Li2

Direction
of flow

——

Nozzle Diameter ... .5;?.0. essees Metre

Scale
Ambient Temperature ,2).10... se C

Discharge Temperature al.10.,, veee

Date & Time .JJ4[77...1:00 AM. , e




Suy

I'UN NUMBER ..l..

..29YfACE Temperature at current speed ,.99..., m/sec

"33.00 "33.00 "3300 3300 33.00 3300 3300  33.00 "33.00
73300 "33.00 3300 "3300 “33.00 33.00 y )
"33.44 "3344  “3300 "23.00 ‘3300 "33.00 3300 °"33.00 "33.00
“33.56 ~33.49 - 3446 "~34.71 =34.00 -33.00 ~ 3300 33.00
Direction
_ of flow
“33.18 =33.49 . "35.15 “34.73  T34.00 "3%me0 T35 3434 “adl” 33.05 S G
' @
T3%.66  -46  -3:432 73500  T34.29  "3daz2 35,447 34.46
“33.40 “34.20 Tingg  T33.93  Tadgo  “3MIT T233.13 “3342 “33.07
-33.00 -~3300 "~3307 <3300 3339 ~33.00
_33.17 _33.22 _33.24 . 33.22 .33.22 .33.00 .33.17 . 3320 3334
Nozzle Diameter ...... .33 e:sss metre
Ambient Temperature ...>3>29 .. ° Scale i

Discharge Temperature .

Dite & Time . 2005117,

43 00

C

2:00 PM.

U I R R

——

=

pa e SO0, iy




gL~

RUN NUMER L 8.,

. .59&{5.9?. Temperature at current speed ,.9:9.. m/sec
'33.00 '33.00 '33.00 33.00  33.00 33,00 3320 %3.20 '33.20
'33.00 *33.00 "33.02 *33.00 ‘33,00 "33.00
‘33.37 ‘33.27 ‘33.49 *33.50 ‘3373 ‘33.56 °33.% "33.00 °35.00
‘33.24 "33.5¢ 3360 ‘azge4 ‘3366 "34.20 "34.07°33.59 Direction
of flow
‘33.24 '33.22 *33.52 3392 3390 ‘3.0 3480 ,..O -35.42 e
33.24 "33.%9 '33.64 "3.p4 ‘33.90 *34.20 -34.32" 35.09.
*33.94 ‘33.15 ‘33,73 *33.50 *33.24 *33.46  +3373 3300 *33.00
*33.00 *33.02 1 133.00 *33.00 *3317 +33.05
L 33.24 \ 3312 L3326 .33.42 . 33.12 .33.00 _133.10 33,00 . 33.22
4
\
Nozzle Diameter .....4...... metre
i Scale

Ambient. Temperature . 33 < N

Discharge Temperature .. _Q!:._qq suie G

Date & Time ..2‘.’/.5.{772‘0.0?“

L

frae s 100 et




—-61=

Surface ¢

RUN NU

MR

JUILNL e e e

emperature at current speed ..9:9.. m/sec

33.00 3300

'33.00 '33.07 33.00 "33.07 3.05 '33.00 '33.00
*33.00 *33.12 *33.00 '33.'00 33,00 “33.00
'13.46 ‘33.56 “33.93 "33 '33.90 3390 *33.13 -33.00 *+33.00
33.24 "33.70 ‘3372 "33.7¢ "33.85 -3349 2900 -%3.48 Direction
of flow
'32.34 '33.34 ‘33.49 ‘m;an) *34.49  *34.49 ‘34.82 435000  -35.27 S
*33.0l "33.49  "33.8%5  ‘313.89 *33.32 "35.20 °35.93°35.28
‘3.7 ‘3337 ‘3390  "33.713 *33.81 *33.49 ‘33,42  '33.07 *33.07
*33.0% * 33.00 13515 *33.12 *33.32 *33.24
233.07 L3347 . 33.22  33.17 _53.1% .33.00 .33.00 . 33.00 .00

Nozzle Diameter ...... 5 «ees metre

Ambient Temperature ,..3%99,...°C
Discharge Temperature

Date & Time ..27./5/

43.00

07;1. L I%‘:lﬂg. IP.M.

G

Scale




RUN NUMBER ./O..

Surface

Pt Zf +ees+ lemperature at current speed . .I‘.Q. .. m/sec

3032 3040 3037 3059  30p) 303] 3021 3029 3040
30.4b 3031 3054 3105 3046 3046 3046
3032 3032 3032 3032 3032 3032 3093 3007 3024
30886 3183 321> 3088 3039 3032 =17 Dizackion
: of flow
051 3059 3029  3l29 . 3039 3210 3%4s 3343 5 Toie
3088 308> 3184 3[59 306> 378 3203
bosa 3059 3049  3ip2 3232 =318 3040 3024
3039 3071 3629 3037 3042 30.00 30.30
2044 3044 3022 3034 3034 3034 3032 ' 3032 3046
Nozzle Diameter ... ?’OO e.0ee Metre
Ambient Temperature 20;4Q.....° Scale :

Discharge Temperature 40(30 wenw G

Date & Time ..g/.zf'/77 300 PM,

R R I I

le—— 100 m ———y




-Lg-

Run nemEr L H L

SUYfaGE Temperature at current speed ..'.'Q... m/sec

3225 3230 3230 5230 5230 3230 3230 3230 3230

220 322% 3328 32.28 3233 3233

3243 3243 3380 3392 333 33293295 3220 3318

3265 3285 3305 3298 32,27 33.33 337 Z}P;’;gz:ron

—t
-

32.26 2230 3243 330% 3353 3393 3430 3439 34-8|

3293 3183 3343 3327 3398 3i34 %410

3226 3275 3285 3303 3307 3320 3298 3242 32.12

3225 3025 3133 3330 3353 373 o
32.12 3242 3212 3212 3210  32.02 32.02 3212  32.12

- Nozzle Diameter ... AOO eeees Metre

Scale
Ambient Temperature .32|2 sesse G
Discharge Temperature 42-12, ... . °c L) =

5:30p :
Date & Time .f".[é"-/:z?.....“.-.h?‘. }-_._,_ 100 m-——-i



_39.'..

RUN NUMBER .J2..

«+. Temperature at current speed IO sec

Date % Time .. 7/.4'/77 S [45 PM

T

32.3% 3240 3245 3260  32.632 3258  33.25 3223 32,15
322% 3223 3720 3718 3203 3242 »
3253 3240 3285 %283 3218 3225 3210 3215 3300
3285 3155 3148 3325  334p 3338 3278 3710 Direction
. of flow
'] 1] . . 3 - '] '] - -
3245 3238 3255 3250 . 3785 3370 3435 3444 = 34.54
3285 32716 3295 3429 3342 332 3238 3210
2260 . 3160 3is0  Mer  3iss m0 iz 3lio  3ize
3238 32.4® 3238 3238 3249 3712
32.20 3220 3210  32.2 3210 3200 32.00 32./0 32.18
Nozzle Diameter .... 50 eseees metre
Scale
Ambient Temperature ?’ZI .2 ceene
Discharge Temperature 42"2'. suipie O

fe——— 100 M —————f




~€g-

RUN NUMBER . /3.

...S:U. fc. Temperature at current speed I'Z. m/sec

3054 30bb 3054 3078 306  308] 3049  30%] 30.68

306b 3054 30713 305|  3p.27

306 366k 30bb 306k 3pbb 30271 3042 3054 3016

3076 300 30 3049 244 3202 3376 Dirsotion

of flow

006> 3066 36l  3l6l - 3(u 3115 3322 3329 & 3063 )

3090 3093 300 330 30 32071 (7

5063 3085 3085 3085 3068 30L1 3044 3044 3544

30.0b 3046 3056 306k 304!  30.44
30-66 3046 30.59 3056 30.66 30.30 3q.d.b - 30.59 30.6b6

NOZZle Diamter L BN -%;Qc LR mtre

Ambient Temperature 22:66.....°%C Scale :
40,66 ‘o

Discharge Temperature® 7% ......

4(af11  1:30PMm,

Date Kp-' ijﬂe L e I I I I I R

'

4

e 6 Al —_—



RUN NmER L )4

._Syn{q(:'e” Temperature at current speed .. 2., m/sec

3205 3205 3203 2205 3205 P03 3lon o 32.0%
3200 3200 3200 3200 3200 33.00

3220 3233 3233 3245 3745 3720 3700 3200 3200

3200 3200 3700 3750 37.9% 3306 3417 Direction
of flow

——

L] L] L] - - [ L] @ -
32.20 3200 3213 3280 33.00 3315 3335 3344 32.00

3205 3100 2708 3748 3793 3373 3395 32.%8

3235 32145 3745 3258 3248 3245 3200 3200 32.00

3200 3200 3200 3200 3700 32.00

320>  370% 3205 3203 3205 320> 3203 3203 3.0

i

Nozzle Diameter ....?}?{..... metre

Scale
Ambient Temperature 32.00 ;

LR R A )

Discharge Temperature 42:92.....°%

Date & Time ...‘.1/.4.(?7....4:00 PM.

CRCE I Y

fe———— 100 M ————yf



.

RuN NumEr L 05,

Ambient Temperature

Discharge Temperature

33.37

LRI I A

43.37

L B B C

e

Date & Time .. 7/4[77 4:00 PMm.

A i

.?:Qr:f‘?‘?.e. Temperature at current speed Lz, m/sec
3337 3337 3337 3337 3337 3331 33371 3331 3337
3331 3337 3331 3337 3337
3346 334, 3371 3371 3383 3331 3537 3337 33.3]
3346  337b 3406 3418 3431 3451 3527 3364 Direction
of flow
. . . . . - . [ @ - e
33.61 33.A9 3399 34 .49 34.5b 2348| 350l 35.5b 33.37
338> 3311 00 340 3429 assp 3591 335
L ] . [ . . (] - L] -
33.5 | 33.49 3246 3337 3337  33.37 33.37 3337 33%.%7
231 3337 33371 3337 3249 3356
%37 3331 3334 3332 3332 33> 3337 3531 335|
4
- Nozzle Diameter ... .5.‘.0. sesese Mmetre
Scale




Aprendix, B

SAMPLE OF CALCUILATION

1. Prototype
A 1.1 Heat being dissipated to sea,

Power output from power plant = 600 M4

Efficiency = 30 %

Power outnut = 0.3

Power input :

Power input ( q; ) = 600/0.3
= 2000 MW

Heat being dissipated to sea = 2000 - A00
= 1,00 MW

A 1.2 Mass flow rate of cooling water.

Temperature at the discharge is aporoximatelv 10T above ambient.

o,

AT = 10 C
From n'o = m Cp AT
’ 14,00 x 108 = n'x3.93 x 103 ¥ 10
2
m" = 35,6 x 10 Ke/sec
1.3 Velocity of cooling water.
5 2
From 0 = (Ma"v)/u

= (3::.6 X 1(‘00)/(1.(\9 v 10000



= 34,9 m3/sec

= Lo/m’
= (4 x34.9 )/
= LhL/d2

=3 m,.

= /s
= 4,93 m/sec

1.4 Reynolds Number.

Re =P Ud/m

(1.02x10° Ud Y1 28x 10F3)

= 1.275 x 106 Uud

d =3m. , U =4,93 m/sec
6
A Re = 1,275 x 10 x 3 x L9

= 1885 x TOh

1.5 Tide discharpe.

Tide discharge = cross section area x velocitr
= depth x width x velocit~
= Bx200 x 1

- 1500 - WP fse

-87-



P

Model

2.1 Size of basin.

From section 2,2,1 Ln

Stze of prototype

Size of model

Area of model

2,2 Tide velocity.

From section 2.2.2 Vm/Vp

velocity in prototype

Vm

2.3 Tide discharge,

Tide discharge

= 400/100 m. by 200/100 m.

1/100

LOO m. by 200 m,

=4 m by 2 m.

L
8

x 2
m

3

I':r-

1 m/sec

1

1 x (1/100)
0.10 m/sec
depth x

0.02 x 2 x 0,10
0.016 m/sec

width x veloeit



2,4 Velocitv of cooling water

Nozzle diameter in prototype = 3 m,
Nozzle diameter in model = 3/100 m,
g Y
From section 2.2.2 Um/Up = Lr
i 5 = 4,93 J1/100
= 0.49 m/sec
2.5 Mass rate of cooling water.
m = density x area of nozzle x velocity

8 10° x 0.49 x M0.03)° /1

= 0.34L9 Kg/sec

2.6 Rate of heating reauired for the model.

= 0,349 x 1000 x 1 x 10

= 3490 cal/sec

= 3490 x (3600/252) Btu/hr
= 49957/3L12  kw

= 14.6 kw

-80-



Appendix, C

DERIVATION OF THE PREDICTION EQUATION

The prediction equation has the form:

ot a Jad v B )% +S
where :
oA —

concentration of water quality characteristic
t = time

total flow

[

Q

A = cross-sectional area

E = dispersion coefficient

Se= source or sink

X = coordinates measured in the direction of the current

Armstrong derived this equation as follow

L

He assumed that = 0

The equation is reduced to

a.k JOL
- ,.f%% 7 +
Jf al Sa
The concentration of heat, H, may be represented as :

—_ ‘
H = C ( T=- TR )
where :
H = water dens i_t.y

Cp= specific heat of water

-90-

(B)



T = water temperature at any point
Tp= arbitrary base temperature

Substituting the value of H into equation (B) gives :

9 Ucp(T'TgH: hl % R LYCp( T-T)] +Sa

3t dx

Considering Tp , ¥ , and Cp to be constant, then dividing bv ch

0T _ Q9T , )\
F £ T 1871 ‘JC‘,S" t60)

It may be shown that

Sg” =/ /D

where :

H= interfacial heat transfer rate and is the function of solar
and atmospheric radiation, back radiation, evaporation, and
conduction,

D = hydraulic depth

and Hy = A(T,-T)
where :

A = heat exchange coefficient

T;= ambient temperature

then Sec = N T,=T )/D

Substituting the value of S. into equation (C)

a1 | o _%_561;+ A ET=T)

0t KCP

9=



at steady state %J_‘:_ =0

then, the equation becomes

0T AN (1,-T)

= {0 )
0N RY CP D
P The solution of the equation (D) is
T =(TR T)e-kx/U+T (E)
where :

k = )Vtcpn

U = velocity of ambient current

T.= base temperature along the centre-line of the nozzle

/“‘-

<§P=



Appendix, D

Selection of the materials to make the sea bed.

Materials Roughness coefficient Depth Velocitv measured
of materials (em.) (em/sec)
{.

Mortar 0.013 ‘ 8 15.4

Sand 0.018 g 1.0

gravel 0.020 8 10.0

It may be observed from the Table that the desired denth and
velocity could be obtained using either the sand or pravel as the bedding
materials, In the present work, gravel was chosen because of its rood
resistance apainst deformation by the current.
,/"M



Appendix, E

Experimental results plotted in dimensionless form.
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"jpure 5.21 Relation between the area of the miring zone and current sreed,

( 3 m. nozzle diameter )
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Fipure 5.22 Relation between the area of the mixing zone and current sreed,

( 4 m. nozzle diameter )
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X =-0T= 05t

AT= .o C
ATH

o -

1.5 C

A -

a-

DT 2.0%C
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200 4

QA -

p ure ela on be ween .ne area 0O em 1 e A n . s .
1 T 1X1InNne 20N n cuarren sne

( 5 m. nozzle diameter )
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A~3 M NOZZLE DIAMETER

© - &Am_ NOZZLE DIAMETER
10004 A - Sm. NO22LE DIAMETER
2
ME&/D 3 M. No22LE DIAMETER
goo4
coo1
4004 4m. Noz2Le DWWMETER
% x
200 oo B 0 5m. Noz2LE DIAMETER
. Vv
—4*-___if::E‘F=‘__‘-Jlif“‘*‘--—*_h_____~_*_ /&J
o} O.| i 0.2 0.3 0.4 0.5 0.6 0.7
Flgure 5.24 Relation between the arca within 2,0°C isothermal line and

the current velocity for various nozzle diameters.




K = 3m NOZZLE DIAMETER

| Ll [T SN O - 4&m.No22LE DIAMETER
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;. Am.NoZ2LE DIAMBETER
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; A m. NoZzLE DIAMETER
| ! © '
| V/
[ 1 L 4 i - n 2 U
| Co SO = R IR e R S e A O 0.5 0.6 0.7

Fipure 5.2L-b Relation between the area within 1.5°C isothermal line and

the current velocity for various nozzle diameters,
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“jpure 5,24-c Relation between the area within



;A\fm}D%:

| 2000

| 125001

- 15001

1000 1

i

,l/—g ™, NOZZLE DIAMETER

i !
\
!
] | |
11114 |
il
1 |
| \
| |
' |
|

|

4 {

X = 3 m, Noz2LE DIAMETER
© - 4 m, NozzZLE DIAMETER

A - 5 M NO2ZLE DIAMETER

L ™. NOZ2LE DIAMETER

—5 m, No22LE DIA METER

| MRt i | N 0 s
: i. gl.'l I: ' I fill -
! L I R R Ml
| L o e i | U
g ol | [ eke il ety T Of# 0.5 0.1 | |
5 | IR AN R |11 AN . 1 kil
| | | | | |

Figure 5.,2L-d Relation between the area within 0.5 isothermal line and

the current velocitv for various nozzle diameters,
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