CHAPTER 2

HYDROTHERMAL MODELLING AND SCALINC CRITSRIA

2.1 Introduction.

The heat carried by cooling water discharge may disperse in the
receiving body of water by several different mechanisms., The main
phenomena are jet diffusion, bouvant plume, convective spread, mass
transport by ambient currents, ambient turbulence and surface cooling.
It is not possible to simulate simultaneously all these processes in a
hydrothermal model as the scaling reauirements for these phenomena are
not totally compatible. However, correct scaling of the predominant
processes and proper precautionary compromises with the remaining cnes
will assure meaningful results from the model tests. The scaling para-
meters assosiated with the six mechanisms mentioned above are evaluated
in connecti6on with the Thermal Hydraulic Model to be described in the

following sections.

2.2 Similarity parameters.

2,2,1 Geometric similaritv,

To properlv simulate the effluent plume shape and the effects of
outfall and sea geometry, undistorted peometric similaritv is reauired.
This has been satisfied by using the same scale for the horizontal and

vertical dimensions,
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That is,

Lhm Lvm Lhr - Lw = L
L el

where:

L
I

length

=
]

subscript denoting a horizontal component of lensth
v = subscript denoting a vertical comronent of length

subscript denoting model
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subscriont denoting prototyrve
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r = subscripot denoting ratio of model to rrototvoe
A value of 1/100 for L. has been chosen to achieve reaconable

model size,

2.,2,2 Densimetrie Froude 'hmber,

For water flow with a free surface, the controlling rarameter
is the gravity and not the viscositv of the fluid, Therefore, the value
of Densimetric Froude Number of the model mav be taken to he enmual to

that of the oprototvne,
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F = Densimetric Froude Number

where:

U = discharge velocity

g = acceleration of gravity

-Af>= density difference between the ambient and the hot water

le= density of the ambient water

Because of the density difference, the fluids in the prototvre
and the model are not exactly the same. However, as the difference is
small, it can simply be assumed that the two fluids are identical in

density.

Thus bl e
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and equation (2,2) may be reduced to

For Ly = 1/100, Up., according to the hvdrothermal model, will
be equal to 1/10 . This ensures correct simulation of mass transvort

by ambient currents and jet diffusion.
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2.2.3 Reynolds similarity.

Simulation of viscosity effects in fluid motion renuires that

the following relationships hold:

Re = ULA

where Rem = Umlhfdin
Re = UL A

P pp/7?

and Rer = UI‘LI/S'

¢For similar flow Re. = 1.0 0 0 5 ‘1 B 55

so that U,/ '= 1.0 x\’/l.r (2.3)

where Jr = ratio of kinetic viscosity in the model to that in the
prototype

Since J' = 1,0 when the temperature of the water is the same in both
model and prototype. It is apparent that equation (2.3) contradicts the
requirement of equation (2.2), However, in open channel flow, the viscosity
effect is negligible if the Reynolds Number is above a certain critical
value. Analysis by Sharp (10) shows an critical value of 5,000 whereas
Ackers (8) quotes a lower limit of 2,500 for jet. For the ambient current
flow, a critical value of 600 is stated by Ackers (&),

The length scale, L, = 1/100, has been chosen so that the value
of Reynolds Number in the mo@el are preater than these critical values,
Consecuently, the viscous effects are considered unimnortant relative

to the other factors of heat dispersion process.
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2.7 boundarv roughness.

For steady flow in oren channel, the effect of boundarv roughness

can be rerresented bv Manning's enuation as follows:

% %
V = -%er f; (2:0%)

where:

-
I

averape flow velocity, m/sec
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hvdraulic radius, m

S = slove of the bottom of the channel

o
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Manning's Rourhness coefficient
If the oren channel is excessive in width, the value of hvdraulic radius

is almost identical to the value of denth.
25 Y,
Then, V > %D 5

where V and D are known cuantities and the slope S is penerallv almost
similar to slore of the bed of the sea, If the model and the prototvoe
are of perfect similarity, the value of S for the model eruals to that
of the prototyre. The remaining difficultyv is how to srecifv 'n

'
mode]

as the value of 'n ' is unmeasureable, Therefore, tests were
prototype
carried out to choose the materials which would make the bed realize

the derth and velocity renuired (for details, see Aprendix. D),

2.4 Model desipn,

2.4,1 Basin,

Simulation mav be obtained bv making Froude Numher of the model



equal to that of the prototype. Table 2,1 shows dimensions of the test

basin and quantities involving the discharge and tidal flow,

2,,.2 Cooling water system.

To reduce the parameters under investigation, the following
conditions are formulated:

1. Temperature in the model must be equal to that in the prototyre.

2. Scales being used in the cooling water system model must be
identical to of those in the basin model,

3. Ratio of the discharge velocity to the current speed of the
sea (U/V) in the model must be the same as that of the prototype.

From these three criteria, the size of the nozzle, the corres-
ponding discharge velocity, mass flow rate of cooling water, Reynolds
Number and heat consumption in the model could be obtained, Table 2.2
illustrates the results of the hydrothermal modelling of the problem

under investigation. (for details, see Aprpendix., B).
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DIMENSIONS AND

TABLE 2.1

QUANTITIES OF TIDAL AREA

FOR MODEL 1 : 100

Ttem “Unit Ratio Prototype Model
length m = I? 400 L
Width m Lb 200 2
Area 2 Ig 80,000 8
Avg. Depth m L. 8 0,08
Avg. Tide Velocity m/sec I;/z 1 0.10
Avg. Tide Discharge misec LE/Z 1,600 0.016
Note hAverage Tide Discharge was evaluated from the product of cross

section area and average tide velocity,

Q=AxV

-18-




TABIE 2,2

Variatiocn in Pipe Diameter, Flow Velocity, Revynolds

Number and Rate of Heating Reguired for Model 1.: 100
U
v
d-m U - m/sec | Re x 1074
- = = ~ = 1., V = 1.')
vp 0.6 vp 0.8 vp 0.9 v, _0 X
m/sec m/sec m/sec m/sec m/sec
Frototype
L 2,78 1420 °* 4.63 3.L8 3.09 2,78 2,32
%
5 1.78 1130 2.97 2,23 1.992 1.78 1.L8
}'1odel 1 H 100 0.03 Q-hg 2.21& 8-21 6-16 S.LR f&.qq Il01-1
m = 0.349 Kg/sed 0.04 0.28 1.68 4.63 3.48 3.09 2,78 2,32
P;n= 14.6 kw. 0.05 0.18 1.35 2,97 2,23 1,08 1,78 1,12
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