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Motivation

Thermalbasedpower plants(coalor nuclear)needa coolingsystem

Coolingtowers are often usedbut other solutionsmay considerdischargindiot water in the environment(rivers, lakes

sea).
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Motivation

Discharging hot water in the environment may cause severe problems to the flora and fauna:

Astemperaturesincrease greenalgaeand diatomsare replacedby cyanobacteria
Oneof the keyissuesan thermal pollution is the replacementof cold-water fisheswith warm-water fishes

Rapid changesin temperature associatedwith power plant operations can kill fishes by thermal shock (Ottinger et
al.,1990.

Mitigating the thermal effectsof power plant effluent obviouslyhasa significantfinancialcost(Doddset al. 2010
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. . (Kwonand Seo, 2005)
Thermaljets (Turbulentbuoyantjets)

1. A jet is a shear flow (Bainesand Chu, 1996 that is
generated by a continuous momentum source (Lee and
Chu,2003. Themomentumflux, U , canbe definedas

0 "1 71 A 3

2. A plume on the other hand is a flow controlled by
buoyancy that is generated by a continuous buoyancy
source, such as a heated plate. A plume tends to have
lower density and greater dispersion, with the fluid
spreadingout over a larger area (Morton et al., 1956).
Buoyancyflux canbe written as

o (o)

Plume Environment (Morton, Taylor, Turner, 1956; List, 1983; Lee and Chu, 2



Thermaljet

Jet+Plumeln this casewe talk abouta turbulent buoyantjet. Initially A (d€v&n by momentum and, after a certain
distancefrom the source buyoancybecomesdominant.
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Thermaljet

Jet+Plumeln this casewe talk abouta turbulent buoyantjet. Initially A (d€v&n by momentum and, after a certain
distancefrom the source buyoancybecomesdominant.

WATER SURFACE

. Temperature field:To determine the regions of the
1— NEAR FIELD FAR FIELD —\—P domain affected by the jet.
Jettrajectory: To determine2 S pafdeters
esThpLissmenT Jet velocity.To determine the velocity field induced by
the jet.
OISeonT \ To determine the turbulent variables.
Sl

Gebhartet al. (1984)



Experimentalsetup

Requirements

1. Testdifferent jet nozzleggyeometries

2. Testdifferent flow rates

3. Testdifferent temperatures(environmentandjet).
4. Easyto modify/improve/change

5. Testdifferent environmentalconditions(e.g.: hydrostatic,
stream,periodicflows).

6. Easyto operate
7. Affordability.

8. Berepeatable



Experimentalsetup

Requirements Want we are lookingfor:
1. Testdifferent jet nozzleggyeometries Gain know-how about theory and experimentson
buoyantjets

2. Testdifferent flow rates.
Define an operation protocol e.g. continuous vs

3. Testdifferent temperatures(environmentandjet). bursts run time available

4. Easyto modify/improve/change Determinethe buoyantjets parameters

5. Testdifferent environmentalconditions(e.g.: hydrostatic, Measure the velocity and temperature fields

stream,periodicflows). inducedby the buoyantjet

6. Easyto operate Assessthe limitations of the physical model and
improve (in which conditionsthe aquariumcan be

7. Affordability. considerednfinite?)

8. Berepeatable



Experimentalsetup

Main Ildeas

a) Onereservoirfto testthe jet (H1).

b) Onereservoirwith hot water (H2) Filing

c) Computercontrolledpump:flow rate. vi¥ tQ —
d) Acquistionsystemto measure flow rate,
temperature velocityfield
—l
| —|
e) Modular design ” “ O
e

Computer

PT100B

]
Temperature
regulator

Flow meter

Pump

How to implement it?



Experimentalsetup 24 Aquarium

Dimensionglength x width x height)

Fan (1967): 2.26 mx 1.07 m x 0.61 m
Salinesolutions

PapanicolaandList(1988): 1.15m x 1.15 m x 3.35 m
Salinesolutions

Kwonand Seo(2005): 6.0mx1.2mx1.0m

Non-buoyant Advantages Disadvantages

Aquariumfrom shop 1.2 mx 0.4 mx 0.5m (240 L) V Readilyavailable  V Dimensions

(Rangeof nozzlediameters {1, 3, 5} mm) V Cost

V Opticalacess

V Dimensiongeasyto
modify)



Experimentalsetup




Experimentalsetup




Experimentalsetup

-

250.000000mm




Experimentalsetup: termal water reservoir

How it started

PT100B

Temperature
regulator

Flow meter Pump




Experimentalsetup: termal water reservoir

How it started

Issues

Hot water from externalsource

No constanthead

Rapidchangeof temperatureT = T(t)

Mixing limited (handdriven)




Experimentalsetup: termal water reservoir

HowA (g@irdg

Improvements
Constantheadthroughlevelactionedvalve
Mixingwith motor drivenshaft

ProportionatintegralDiferential(PID)controllerto
keepthe temperatureconstant(+1 ®m 6 / 0

PT100B

Temperature
regulator




Experimentalsetup: hydrauliccircuit

Electrovalves Pumpand flowmeter
Flow rate vs pump
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Experimentalsetup: temperature measurements

Pointwisethermometers

8 PT100 acquisitionsystem 6 fortemperatureprofile measurement
2 for determiningboundaryconditions

3 PT100B t¢ontrollers 1 for hotwater tank
1 forroomtemperature
1 for boundaryconditionsin the tank

Processing@nd analysissoftware inMatlab (developedat IBW PAN)

This temperature measuringsystem was availableat IBW PANfrom a
previousexperimenton ice formation

Temperature
Sensors

Jet nozzle

Quite intrusive system



Experimentalsetup: temperature measurements
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Experimentalsetup: temperature measurements

Temperature
Sensors

Experimentalissues Jet nozzle
Quiteintrusivesystem
Onlyone profile with 6 pointsis measuredat eachrun.

Timeconsumingonerun per profile

Impossibleo performtemperatureandvelocitymeasurements



Experimentalsetup: jet trajectory

Cameras

1 cellphone(60fps)

1 cameraBasler5 Mpix, 120fps

1 calibrationplate

2 laser lighsheets(P = 20mW, P=200 mW)

+imageprocessingools




Experimentalsetup: velocimetry

Cameras

1 cameraBasler5 Mpix, 120fps

1 laser lighsheet(P = 20mW, P=200 mW)
1 calibrationplate

Processindgpy MatPIV1.7




Experimentalsetup: summary

3 333

Setup:
Aquarium

Hydrauliccircuit
pump/valvegflow meter

Temperaturecontrollers
Electricresistance
Reservoir

RaspberryPico:controland
acquisition

Trajectoryand Velocimetry.

» 1 cameraBasler5 Mpix, 120fps

2 laser lighsheet(P = 20mW,
P=200 mW)

1 calibrationplate

MatPIV1.7 (freeware)

CostFf H aun n

(cameraf 1000eur; Laser 500eur; Materialsf 500)




Experimentalsetupin action

Table 1 Tested condition.

Q) (Lfs) o (mm) Angle (%) T (°C) T, (*C) Re
00115 | 45 20 10 1.62 x 10° /b T[& l.|m




Experimentalsetupin action




Results jet temperature

z/d

30

20

10

—_
=

o
S

-30
0.5

—e—x/d=0
—e—14.1421
28.2843
—e—42.4264
——56.5685
—e—70.7107
—6—84.8528
—6—98.9949
—e—113.1371
p=127.2792
—e—141.4214
—&—155.5635
—e—169.7056
—6—183.8478
—6—197.9899
—=212.132
226.2742
—6—240.4163




Results jet temperature

Temperature at downstream boundary condition
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Results jet trajectory

Imagesacquiredat 40 fps



Results jet trajectory

Dataprocessing
Hot water seededwith TiG, (for velocitymeasurementy
Considema timeintervalnt (0.25 s, N = 1nages

Remove the background
0.35

Averagamagesn nt 03

0.25
Processmages Gaussiarsmoothingandthresholdanalysis
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X (m)



Results jet trajectory
Jet at t=1[0.25, 0.5] s
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Results jet trajectory

Jetat t=[0.75,1]s
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Results jet trajectory

Jetat t=[1.25,1.5] s
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Results jet trajectory

Jetat t=[1.75,2] s
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Results jet trajectory

Jetat t=]2.5,2.75] s
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Results jet trajectory

Jet at t=[3,3.25] s
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Results jet trajectory
Jet at t=[10.5, 10.75] s
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Results jet velocity Nimages

Dataprocessing
Hot water seededwith TiG, (for verlocitymeasurementy
Considerachpair of images Nimages= (N1) velocityfields

Remove the background

TimeResolvedParticleimageVelocimetry(MatPIV1.7)

x (pixel)

W.A.T.E.R.Summé&chool



Results jet velocity Nimages

Dataprocessing
Hot water seededwith TiG, (for verlocitymeasurementy
Considerachpair of images Nimages= (N1) velocityfields

Remove the background

TimeResolvedParticleimageVelocimetry(MatPIV1.7)

x (pixel)

Comelearnabout P1V in theW.A.T.E.R.Summeschool



Results jet velocity

PIVprocessing
256 x 256 to 32 x 3@ith 50%overlap
201 framesprocessed

200velocityfields




Results jet velocity
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Results jet velocity

Velocitv fiel

Issues

Nearfield is not properlyresolved(no 03
spatialresolution)
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Results jet velocity

Interactionbetweenjet andfree surface

Resultssofar are promising but i K S Btifbrénin
for improvements



