Environment > Solar Water Heater Experiment

Recommendedyearlevel: 9-10 (7-12 including options)
Time taken: 90 minutes

Subject: Physics, Environment

Intro:

e Thisprojectusesan array of sensors to monitorthe watertemperature inside afunctioning
solarwater heater.

Learning Outcomes:

e Studentswill understand how asolar hot water system works, and how such a system can be
monitored forthe existence of legionella bacteria.

o These outcomes will be achieved through aremote experiment which monitors the temperature
of the waterinside asolarwater heaterlocated in Melbourne, Australia.

Experiment Summary:

e Studentswill remotely access temperaturedatafroma solarwater heaterlocatedin
Melbourne, Australia.

e Studentswill use the online plotting tool to visualise the temperature datarecorded by 18
sensorsinside the storage tank as a function of time. They will then use the temperaturedata
to determine whether or notthe watermay harbour dangerouslevels of legionella bacteria.

Answers to Evaluate Questions:

1. Thewaterisbeingheated bythe sunso the temperature of the water (and the outside) rises
aftersunrise, decreases againinthe afternoon and continues to decrease throughout the night.

2. Warm waterrisesand cold watersinksin the tank. Also, warm water enters the tank from the
right.So itis hottestat the top and to the right.

3. The water flows because warm water rises and cold watersinks. As the waterinthe tank cools
downit sinksto the bottom and can leave the tank through the outlet at the bottom left. It then
flowsintothe solarcollector atthe bottom. Waterin the solar collector heats up and rises and
forcesits way back into the tank at the top right.

4. Thetank needstobe abovethe collectorforthe water movementto work.



5. Black absorbsthe mostsolar energy. Dark coloured things get much hotterinthe sun than
bright coloured things.

6. Legionellaiskilledbyheat,anditneedstobe killed everywhereinthe tank. Ifitis killed in the
least hot part of the tank then we know itis killed everywhere.

7. Closeto100°C waterevaporates and turnsinto steam. Steam can cause lots of pressure which
could meanthe pipeswill burstunlessyourelease the steaminto the air, losing valuable water.

8. Incoolerareasyouhave to use an external heaterto heat up the waterregularly to 70°C or
more.

Expected Results:
e The water temperature reaches a maximuminthe early afternoon and a minimum overnight.
e Water nearthe top of the storage tank is warmerthan water nearthe bottom of the tank.

e Forafixedheightwithinthe tank, wateronthe leftandrightsides of the tank may be at
differenttemperatures. The coldest part of the tank is most likely to be neareithersensorT1or
sensorT13, howeverresults willvary.

e Duringthe summeritislikely thatthe watertemperature will be high enough to kill the
legionellabacteria. Duringthe winteritisverylikely thatlegionella bacteriawill be able to
survive insidethe tank.

Detailed Explanation:

e Hot waterhas alowerdensity than cold water. Therefore cold wateris less buoyantand tends
to sink to the bottom of the tank.

e Thedifferenceindensity between cold waterand hot waterallows waterto flow between the
storage tank and the collector without the need foramechanical pump. Cold waterfalls through
the outlet at the bottom left of the storage tank and into the collector. At the otherend of the
collector, heated waterrises upwards and re-enters the storage tank through the inletlocated
on the top right of the tank. This processis called thermo-syphoning.

e Thesolarwaterheaterusedinthisexperiment was designed specifically forusedinthe hot, dry
climate of outback Australia. Insuch a climate itis expected that the temperature willbe high
enoughtokill legionella bacteria most of the time.

Technical notes on the experiment:

e Thetemperature dataare sampled approximately every 5seconds. The data can be reduced to
improve the page response time and to remove any spikesin the data. By default the dataare
reduced by a factor of 10.



Sometimesthe temperature sensors fail. This may lead to gaps inthe data, or nonsensical
temperature values. The temperature sensors do not perform well at temperatures below about
30°C.

The minimum exposure periods toinhibitthe growth of the legionella bacterium are defined in
Australian Standard AS 3498, Authorization requirements for plumbing products---Water heaters
and hot-water storage tanks. The standard contains two other conditions which have notbeen
exploredinthis experiment. Only one of the three conditions needs to be satisfied forthe water
to be considered safe.
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