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ABSTRA CT

~~~~
>
~Numertcal experiments were performed on the fluid motion. resulting

from the pumping action of ocean thermal power plant.. In particular, the

resulting thermocline distortions, sea surface temperature decrease and

corresponding heat flow change were investigated. The object was to f ind

engine discharge configurations and pumping rates that would minimize these

alterations. This would result in both a minimal environmental impact and

preservation of the temperature gradient across the engine, i.e. the energy

resource.

The results obtained to date use 2-D turbulent flow calculations.

Near the engine, the sea surface temperature reduction ranges from

O.()16 to depending on design, f low rate, season and location. The

~~an temperature of the warm inflow water is reduced by up to from the mean

temperature at tha t depth , for certain designs and flow rates, due to recirculation

and turbulence. The far-field surface heat calculations applied to the Puerto

Rico area shows that a depression of the sea surface temperature by 0.1 °C leads

to an increased heat flow from air to sea of 9.6 cal/cm2/day, serving to replenish

the heat removed from the surface layers by the plant. Accepting 0.1 °C as a

permissible environi~~ntal perturbation, the areal requirement for a typical

100 )IJ plant i. 2500 km2, with a radius of 28 km. The corresponding estimate.

for Mawsii are 4 cal/cs?/day, an area of 6ooo Iaii~, and a radius of 44 km.

_____ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1. iNTRODUCTION

The operation of one or more ocean thermal power plants (OTPP’s)

in a given geographical region can lead to several geophysical effects.

Some of these are: a lowering of ocean surface temperatures; a reduction

in the heat content of the surface layers; and an increase in the heat

content of the layers below 200 m depth. A severe modification of the

thermal structure near the plant could result in a lower temperature contrast

across the plant , and thus reducing the thermal resource available

for power extraction. Furthermore , horizontal ocean currents and tur-

bulence can disperse the perturbation s to considerable distances beyond

th. region of operation, and the area-integrated cumulative effect may

cause a sligh t alteration in the regional climate . It is important to

demonstrate that the areal extent and magnitude of any alteration is

within acceptable limits.

2. TURBULENT FLOW NEAR THE PLANT

The first prob lem that must be solved before any of the above

environmental impact questions can be tackled is the “exterior fluid

dyn meics” of the plan t, i.e. the fluid motions directly forced by the

engin, pumps. Th. basic hydrodynamic flow problem associated with

an OTPP is that of source-sink flows in a stratified fluid. The source-

sink flows between the warm and cold intakes and between the warm and

cold discharges are not a potential flow, is. irrotational, because the

horizontal buoyancy variations in a stratified fluid produc. rotation.

The exact nature of the resultant flow is determined by the relative strengths

of th. pumping action and the ocean’s stratification . The relevant non-

dimensional hydrodynamic par ter governing high Reynolds number source-sink

— . ‘ __..~!~~~~~_j~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ——--— - - - . _______
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flow in a stratified fluid i. the Froude number , defined as

Fr — U/DN

where U is the discharge velocity, D i. the diameter of the discharge

pipe and N — (gJp0)~ (d~/dzY~ i~ the Brunt-Vaisala frequency of buoyancy

motions in the respective thermocline.

The primary effect of the turbulent eddies is to diffuse momentum,

heat and salt , much as molecular diffusivity with a large value does

(the effective diffusivity of wind-generated turbulence in the ocean

is— i02 cm2/sec). Unfortunately, a direct simulation of the turbulent

eddies of all sizes is not feasible on present-day computers with a

storage of the order of 106 words. Thu. recourse must be made to some kind

of closure method where the effects of the small eddies are represented as

turbulent transport terms in the mean flow equations.

A first-order statistical closure model is adopted for modelling the

turbulent flow in these stud ies. The flow variables are split into the

ensemble mean and a perturbation , and onl y statistical average products are

calculated for the perturbation parts (Mellor and Yamada~, Lewellen 2,5)• In

the mean flow equations the turbulence transport terms are determined from the

divergence of fluxes that are the products of an eddy diffusion coefficient

and mean flow gradients. The model equations are presented in Table 1.

A single turbulent diffusivity K i. used in equations (1), (2) and (3)

for the diffusion of momentum, temperature and turbulence kinetic energy

q — ½ ~~ u1 in both the horizontal and vertical directions. In this simple

model, K is calculated from q and a length scale L, the integral length

scale of turbulen ce, as K L q , with L being an imposed constant.

- - ~~~~~~~~~~~~ ~ -~~~~~ ‘•-~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~-
- - 
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6.
TABLE 1.

EQUATIONS TO IMPLEMENT THE TURBULENCE MODEL

The momentum equations are represented by

- _
~~~~~~~~

+ + + (T_ C ~~K
q
M
2
u3)6j3, (1)

the heat equation by

— ~~~~~~~~~~ , (2)

the turbulence equation by

— + .~~~)2_ N 2 + CW
N

q
U

3 }  
- C

f
!
~~

+ .
~~~ (K~~~~~

) (3)

and continuity by

an
(4)

i

where

fr + , N2 — 
~ 

, (u1,u2,u3) (u,v,w) ,

K — Lq l’2 (1 + c5 w2 L2 /q)~ (5)

Usually the parameters are chosen as

L — O .3x (dspth of region) , Cf~~~2 C 0 l  , and C
~~~

0.l
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Here K is modified by the factor (1 + C
5
N2L2/q)

l in (5), repr~~enting the

suppression of vertical turbulent transports when q is small compared with

N2L2. As presented in Table 1, the model has three arbitrary constants to be

determined. Unfortunately, these constants are not universal but have to be

changed for each physical situation, and are usually obtained fiom experiments.

The first term on the right-hand side of (5) represents production

of turbulence by the mean flow gradients. The second term represents loss

of turbulence energy through turbulent entrainment of different density layers,

which appears in the vertical diffusion term in (2) as increase in potential

energy. With negligible mean flow, q becomes zero in a f inite t ime if

C
5 

— 0 in (5) .  The fourth term controls the self-decay of turbulence through

a cascade to very small length scales where molecular viscosity is important.

In order to prevent the turbulence from decaying in a finite time to

zero according to the relation dq/dt _
~- Lq

1 N2, the usual relation

K — L q I has been replaced by the form given in ( 5 )  of Table 1. Then

in regions of strong stratification the relation dq/dt—-c5q~~~

will hold and the decay of turbulence will slow down. This can also be looked

upon as the inclusion into the shear—produced turbulence energy density of the

small—scale , random internal waves generated in these regions.

The term - c~lc1A~w/q in the w equation is included to suppress the

instability of the mean flow, and to represent the loss of energy from the

mean flow to random internal waves. There is a corresponding term in equat:~ n (3).

The second term on the right-hand side of (1) represents the viscous effect

of the turbulent eddies on the mean flow.

A series of experiments was run to test the effect of the Fr onds

nu~~sr on the nature of the flow. The experiments were kept simple by

introduc ing linear stratification , so that only the top half of the

— -~ ~~~~ -I~~~~~~~ ~~ ~~~~~ -~~~~~~ - - -- - --
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discharge jet and the bottom half of the intake flow needed to be

included. The resultant streamlines are displayed in Figure 1

They show that for Fr — 3.2 (Fig. la) only 10% of the discharge flow

exits through the right-hand boundary. For Fr — 1.6 (Fig. lb) the

corresponding figure is 55~ , and for Fr — .80 (Fig. ic) the outflow is

over 100 % , i.e. some flow is actually entrained from infinity and goes

back without ever reaching the left wall. The above series was run with

the constants listed in Table 1 and with orifice radii a quarter of their

separation.

The next series of experiments was designed to simulate a more

realistic OTPP configuration. The source-sink flow consisted of a warm

water intake and a discharge below it that ejected either the ingested

water cooled by 30F or cold water at 50°F. The latter case represents

a discharge of the cold bottom water over the warm discharge, as suggested

by TRW’. The depth of the simulation volume is 100 m, and the top re-

presents the water surface. The intake is at 20 m below the surface,

and the discharge at 50 m. The temperature at the bottom is T100 — 69°F

and at the surface T5 — 85°F. A realistic thermocline of the analytic form

T(z) — A + B tan 1 [(z - z) lb ]

was used, where A and B are constants such that T5_100 and T5 have the

prescribed values. The center or point of inflection of the thermocline

is at z~ — 50 m depth, and its “width” is 50 m. This corresponds to

a typical August thermocline in the Gulf of Mexico.

Figure 2 depicts the resulting theriaocline deformations for

a warm (cooled by 3°F) and a cold (50°F) discharge, respectively. The approxi-

..tely 40p temperature drop at the intake depth in the case of the warm

discharge indicates a reduction of io% for the temperature contrast
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Figure 1. Streamlines for steady 2—D flows obtained with idealized sink

(left top) and source (left bottom) drivin g. The computational domain is a

vertical cross—section 200 f t  in depth and 400 f t  in horizontal extent. The

three cases illustrate the e f fec ts  of increasin g the 8tratif ication strength,

with corres ponding Froud e number. Fr a 3.2 (a) , Fr — 1.6 (b), and Fr — 0.8 (c).
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Figure 2. Thermocline deformations as a function of discharge configuration
and horizontal distance from the power plant. The stratification is typical

of the Gulf of Mexico in August.
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across the engine. On the other hand, in the case of the cold discharge

there is no temperature lose at the inteke level, but there is an

anomalously cold region of considerable width between the 50 m and the

100 m depth levels that has a horizontal extent of several kilometers .

As a result, the surface temperature is lowered over a wider area and to

a lower value in the case of the cold discharge over the warm discharge.
S

Figure 3 shows the corresponding streamlines of these “two-hole”

experiments , for a Froude number of Fr b. In the case of the warm

discharge (Fig. 3a) approximately half the flow recirculates, and about

l0~~ia entrained to and from infinity. In the case of the cold discharge

there is no recirculation but —4o~ is entrained to and from infinity.

Finally, a series of “three-hole” experiments was run with both

warm and cold discharges present. The geometry consisted of a 2-D equivalent

of the Lockheed baseline design, with the flow rates determined as if the

inlet and outlet ports were effectively 75 ft high and 100 ft wide. The

thermocline used corresponds to that of the Gulf of Mexico in August, and

the Froude number based on a slit height and N at the cold water discharge

depth is Fr — l.a. The total depth of the simulation volume was ‘500 ft ,

the intake depth 50 ft and the depths of the warm and cold water discharges

150 ft and 300 ft, respectively. Figure 4 illustrates the streamlines

for thi. design. Each contour increment represents a flux of 2000 ft3/aec

of water; the total warm water circulation is 15% less than the total

cold water circulation. There is an —.16% recirculation between intake

and warm discharge , and approximately 50% of the “warm” discharge ( 3°F

balm intake temperature ) sinks rapidly to join the cold discharge in

• a distance less than 100 ft from the plant.
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Figure 3. Streamlines for 2—D flow desi gned to simulate circulation betw ~~~~n

intake near surface and dischar ge at depth , for two different realizations . Flow

parameters represent early TRW desi gn values . In case (a) , the discharge water

tem perature is fixed at 50°F, representin g condenser outflow. In case (b) , the

dischar ge water is 3°F cooler than intake , and models evaporator outflow . The

stratification is typical of the Gulf of Mexico in August. The portion of the

computational ~1o,~s~iin shown is a ver tical cross -section 100 a in depth and 150 a

in horizontal extent .
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Figure 4. Streamlines for steady 2—D flow designed to simulate a Lockheed
baseline plant . The portion of the computational domain shown is a vertical
cross—section 500 ft in depth and 500 ft in horizontal extent. The intake is
at 50 ft depth and the warm and cold discharge are located at 150 and 300 ft
The inflow and outflow ports each occupy 75 ft in the vertical. The density 

-

profile is typical of the Gulf of Mexico in August.
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3. SEA SURFACE TEMPERATURE (sST) DEPRESSION

A series of “three-hole” experiments was performed on various

thermoclines for regions~~ east and southeast of the United States, for

the months of August and February. Tables 2 and 3 present the relevant

ocean temperature information and results for the case of Fr — .5, wIt h

warm over cold discharge configuration ( inflow at 25m, outflow at 50m,

radii 5s) in the month of August. The temperature differences between the

surface and the lOOm depth (dT(lOOm)) represent the relative strength of

the stratificatlnns in the depth region where most designs plan to discharge

the warm and cold water. The temperature differences between surface and

the 500a depth (dT(500m) ) represent the available thermal resource.

Table 3 suumsarizes the resultant sea surface temperature lowerings,

dT5, for various designs and Froude number ranges; the average values of

dT5 over the indicated Froude number range is given. In general, dT8

is a function of the discharge configuration (warm over cold, etc.),

the cold water discharge temperature, and the stratification present in

the top lOOm of the ocean. The cold over warm discharge configuration

results in a consistently larger SST depression for both Froude

number ranges. Typically, in the range .~~ ~ 
Fr ~ 1.5 the SST depression

is . .25°I in August and .08°? in February, whereas in the range 2< Fr � 8

the cooliug is 1552 0F in August and . 50°F in February. Again,

the larger strstifications in August result in larger SST depressions

than in February . Finally, the large SST depressions associated with the

high Froude number range are due to the stronger recircu].ation and stronger

turbulence int .nsity produced by the increased source—sink flow.
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TADLE 2.

OCEAN THERMA L RESOURCE SURVEY

Region dT( lOOm) dT(500m) Location
I

1 2]. 34 West of Africa, 5°-l5° latitude

2 16 33 Equatorial Atlantic

3 7 29 Caribbean and eastward

4 5 29 Eastern Gulf, Cuba - Florida Straits

5 16 39 Gulf of Mexico

6 11 17 East of Gulf Str. (Fla. — S.C. latitude)

7 9 29 Gulf Stream

8 20 37 Gulf Stream - Shore

41 9 21 West of Africa, lO°-30° latitude

Geographical distribution of thermal structure in the upper 500 a of

the oceans , in the month of August. The definition and location of

th. regions is given in the Oceanographic AtlasU. The temperature op

diff.r.nce between the surface and 100 ii depth is denoted by dT(lOOa)

and represents the strength of the stratification in the depth range
where most plant designs plan to discharge both the warm and the cold
water. The temperature difference in °? between surface and 500 a

depth is denoted by dT(500.) and represents the available thermal
resource.

t
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17.

4. AIR—SEA HEAT FLUX PERTUR B AT I ONS

The opsration of one or more OTPP ’s in a given geographical region

has been shown to produc. a reduction in ocean surface temperatures in

that region. It has been observed experimentally, and La pred ictable from

theoretical calculations , that a lowering of the sea sur f ace temperature

generally leads to an increased heat flow from air into the water. This is

because th. process most susceptible to change, evaporation, responds to a

sea surface temperature lowering by decreasing the heat f lux from the water to

th. air. It Is important to note that the far-field rate of recovery of the

ocean toward its undisturbed thermal structure is determined by the area and

gnitud. of sea surface temperature lowering.

An OTPP extracts heat at a rate ~ 50 times its power output (2% efficiency)

from the war, surface water passing th rough its evaporators. Unless the ocean

replenish.. th. extracted heat at a sufficiently rapid rate over the area affected

by the intak, motions, the available tempersture contrast and therma l resource

entering th. plant will be continuously reduced, at least in the absenc. of a

currv .nt. Fur thermore, the impact of the •ngine on the surface temperatures and

the marine atmospheric boundary laye r wil l  continuously grow. In this

study as p.rformsd specific heat flux perturbations due to SST depressions

caused by OTPP operations. The sea surface temperature perturbations were

taken from th. result of th, near-field hydrodyn ic calculations. By

calculating th. integrated heat-flux effect over the whole are a affected

by th. inta ke motions , an estimate has been made for the ar.al requirement

for thermal resource of an OTPP.

B causs both the latent heat flux and the sensible h•at f lux depend

upon the air-sia temperature diff.renc., th. sea surface tsmpsratur. acts

as a feedback cbanisa for regulating the heat budget of the upper ocean.
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Neglecting the storage of heat in the upper ocean due to seasonal temperature

variaU one which are small in the tropical regions being considered for OTPP

operation, the sea surface temperatur e tends to be maintained at a value such

that the heat gained by the absorption of solar radiation minus the heat lost

to the atmosphere just balances the heat carried away by horisontal adveetton

and diffusion. If , for example, more heat is added to the upper ocean than

is being carried away by advection and diff usion, the sea surface temperature

increases, increasing the rate of heat loss to the atmosphere which in turn

F - drives the sea surface temperature back towards its equilibrium value.

The tendency of the sea surface to maintain a certain temperature is

observed in the recovery of the upper ocean from the disruptive effects of

storms and hurricanes which can lower the sea surface temperature several

degrees due to upwelling, evaporation, and downward mixing. For example , F

Leipper6 noted that in the Cult of Mexico surface tempera ture had returned to

normal within two months after hurricane Rilda had lowered sea surface

temperatures up to 5°C.

The speed with which the sea surface temperature returns to its

equilibrium value after being perturbed depends upon the rate of change

of the sea surface heat flux with sea surface temperature ,dQ/dT,. Bathen7,

using bulk aerodynamic formolas and local meteorological data, analysed the

oceanic heat budget off keahole Point, Hawaii, • proposed OTPP site, and

determined that if the sea surface temperature decreased 0.67 °C due to OTPP

operation, the loss of heat to the atmosphere would decrease 40-5’) cal/cm2/day .

Therefore, the rate of change of sea surface heat flux with sea surface tempera-

ture was d tsrminad to b. about 60-70 cal/c 2/day/°C.

Although as were unable to repeat Bathen’s calculations due to the

unavailability of the necessary meteorological data, a similar prediction

of the change of the surface heat flux with sea surface temperature was

__________ -
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made for a proposed site off the southeast coast of Puerto Rico at l7.5°N,

67.5°w using bulk foriiealas detai led by Laevastu8 and Wyrtki~ ’, and

teorological data from Atwood!. The surface heat fluxes determined

using the observed sea sur face temperatures near Puerto Rico are listed in

Table 4. • The heat fluxes in Table 4 were calculated for each mon th and the

monthly values were averaged to obtain the yearly mean.

Due to the crude state of the art of estimating sea surface heat

flu*es using bulk formolas, the estimates of the sea surface heat fluxes

in Table 4 most be regarded as fairly rough approximations. For example,

published estimates of the drag coefficient for latent heat loss have a

variation of ± 20 2 . Therefore, allowing for an uncertainty of 15%

in the windspsed and humidity values, the uncertainty of the latent heat

loss is about 30%, and the uncertainty of the sensible heat loss, which was

calculated from the latent heat loss using a Bowen ratio of 0.1, is probably

40% or more.

In order to obtain an estimate of the change in the net sea surface

heat flux that might occur near Puerto Rico due to a local drop in the

aman sea surface temperature, the surface heat fluxes near Puerto Rico

wer, recalculated using sea surface temperatures reduced by 0.5 °C and 1.0 °C

fro. the observed values and the results are sumesrized in Table 5

In determining the heat fluxes it was assumed that the air temperature well

above the sea surface was not significantly affected by the local change

in the sea surface temperature . Table 5 shows that the rate of change

of the surface heat flux with sea surface temperature is about

96 callc.2/ day/ °C. The chang. in the net sea surface heat flux with sea

surface temperature is fair ly linear because, for changes in sea surface

temperature of less than a few degrees centigrade, th. back radiation

~~~‘- ~—..--i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 

- 
- 

- —  -~~~~



-~ - -
~

-
~ - - -. — -

* _ _ _ _  _ _ _ _ _

20.

• .4 4 ... • .*4.4 • ~ . S • S •
• • P — N O ~~~*.4 ø~*0 0 M 4

~~p .p i  • 4 p . . 4p . . 4 N . 4 4~ wa.4~~~~~ p.
4 p . O N N O p .  • — 4 N 4  S v~~~us S.4 400

00
• s 44 p. S ..* v

~Z S S • S S S S• •~~~O 4 4  4 4 O . 4 C~~~~~44  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~l •DN I 1 O~~ •.d I 4 4 $ f f i Ø  5 ~~ moo • ,  .50

00
S •~~~*4~~ . .mm4 . S S S • • SN . a  •
•p. •~~~p . . 4 m op . .m .4o . 4 N m4

~ •O N N O p .  . P44 I 4 ..m~~ 5 5
— .00 i SN • S

00

• .l Nm • • P - 4 P —  . s . . . . •
N U ~~~ ••0 . p .. . 4 mO p . 4 m m

— O N N O P .  •~~~&m I ~~~PJ~~~ l . I
.4 *00 i i  IS

N • ’  4B00 4 1.
• .p.*m • •4P.  I 5 S I  S • I

N . m  • . 4 m 0~~~— 4 m — 4 m P. a u ‘~~m . r m o p. 4 p. m 01 0101 ~
~ p . O N ø d O p .  . 1 M 4 5  • 0 1 1  

~. 4 0 00 i i
~~ . •00 V.0’.~

• ~~~~~~~~~~~~~~~~~~~~~~ II 0.4 • ø 0 1 O d * C C ~~~0 101 .4  C P 0 UIS 0P4 N 0 . ca P~ 5 4 0 1 1 N
9 .4 00 0  5 4  554
4 N S S

00
S . P4 P 4 S . .C~ 0 5 N S ,. . . . ,
_ W I. S . . W~~4 m 0 10 4 4 0l*4 .
C. •~~~.401op .01mmp ..4Nmo 554 II ~_, p . O f qp . e 0p  • . 4 1 5 5 p . S 4 0 1 5 4  S., C

9 *00
Pd S S

00 I
• .mdw * . .rm~~ . . . • . . .‘504 •
0 0

a 0P l P d 0~~ • N $ . 1 0 1 5 N  ,.i~~~40 0  i i
N~~~~~

S e m00 
~~ .~~~~~C9 . . — p . N . .~) 4 4 . , . . .. ..1 ~.•• S .~~~O~~~~~0Pd4..~0101.4C C U Cg •~~. .4 .44 . N0 1 m p . . 40I .0 ~4 ~

~~ 4 ~~ 00 a S
00

5.. p.0~~~N~~~~~ • P l~~ I 5 N 54 - 554

0 V N I l

C
w .p.01 • . P ’0 4 . 0 0 4 4 N P 4 4 0 4

4 4 . 4  N 01 P. NO P4 P4g~~~~~~~~~~P 4 0 P . S . 4 N S 4 . 4 N 5 N
.4 0100  i i

00
‘U

C • S 0 e 4 .. ~~~. 4 4. l . .. . s  S
~~~~ 05 . .p .010 0 5 4 0 1 * 4*4P4 . 0 1 0 1. 4*4~ 0 1 0 4 0 1 C N 4 0 1 4

0 U C p .OPS P 4 O m  • . 4 P d 4 5 0 1~ 4 0 1 S
‘U 4 •rs o i~~ 4’ 1.4
* 0 Y  P d S I

• 00g 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.4 01*0 0 4 0P 4 P d 0 0  • . 4 P d 0 1  ~~~~~~~~~~ ‘ I ‘~~ .0 1‘U S W  4 00  i i

0 ~~ P d S •  ~4~~~~~Q* 00 45
• k01 • I 0 104 . s 4 ~. 4 4 . . .S s .S .  Ii‘U C N . 4  S 5 * 0 10 . 4 0 5 0 1 4 0 40 4 . 4

9 • - • •m 0 1 . 4 00 1 0 10 W 1P d 4 0 1 N
4 01.401 5

~~ 
4 Q W N O* .4~~~

• ~~ Pd S I
00

U.Si V — *4 p. 4_s. .4g
• ‘U —E . . u 4  ~~I ‘U ‘U P. S- -.5- i.

5- 010 0 . 0 1*— — p . 4~~ l à
a ~~~% t 0 0 4 - .p. ~~0i~~~~~ 

~~~~~~• ~~~~~~ sa
U 4 • —e .  mx...g ~.4

~ *b~~u~~~~*’U 
S~~~~5 S S

a U U ~-555 4 05 at
~ 9 W— u. . i 1 5 .J IE JI

0 0 1Z U 1  C x
p- 5 - C U .  C — ~~~05s m 1.45

- — - i—v- ~~~~~~~~~~~~~~~~~~~ ~~~~~~
-S

~
- ~~~~~~~~~~ - - - - - -

~~~~~



-

~~ 

-

~~~~~ 

— --

~~~~

S

21.

TABLE 5.

Decrease of T from ambient value 00 C 0.50 C 1.00 C

Net solar radiation 558 558 558

Back radiation -119 -112 -105

Latent bent loss -330 -292 -255

Sensible beat loss -
~~~~~ 

-29~

Net surface heat flux I2~i 172

Surface heat flux variation with sea surface temperature at proposed

Puerto Rico OTPP site, in units of cal/ca
2
/day. Positive flux

represents heat flow from air into water.

i
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and the latent and sensible heat fluxes vary almost linearly with sea

surface temperature.

14st of the change in the sea surface heat flux due to the decrease

in the sea surface temperature , almost 80%, is due to the decrease in

the evaporative heat loss. And if the Bowen ratio R is used to estimate

the sensible heat loss, the bulk formula for latent heat loss effectively

models about 852 of the change in surface heat flux with sea surface

temperature.
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