14. Heat

By Doug Knight

On blackboard – Conduction, Convection, Radiation, Nuc Pwr Plant
Training aid – convection heater

Stoves at  http://www.rwedp.org/index.html

Where does heat come from?

Burning something – oil, gas, wood

Sun – really a nuclear fire

In the body – burning food as a fuel

Electric current going through a resistance

How does heat move around

Conduction

Direct contact – by touching something

Frying pan on an electric stove

Your hand on a piece of metal

Convection

Moving a fluid (air, water) which carries heat to a new location 

Bath

Hot water comes out of tap - heats the water at one end

Swirl the water to get heat to the other end

Would eventually mix by conduction, but convection is faster to get an even heat

House heating system – furnace heats the air and a fan blows the heat through ducts to where you want it

Radiation

This is transferring energy at the nuclear (atomic) level

The sun is a gigantic furnace

Puts out energy over a wide range (spectrum) of frequencies (wavelengths)

Light is energy

Some light can be seen – some can’t
eg UV, IR, microwaves, xrays

Sun transmits energy into space

Eventually hits the earth and adds energy to whatever it hits – heats up the object

So – walk out into the sun

Light hits the skin and heats it up – radiation

Light hits the ground and heats it up – radiation

Lie on the ground – conduction warms you up

Ground heats the air that touches it by conduction

The air moves around and heats up the area close to the earth – convection

How can we put heat to work for us?

Cooking

Open fire

Basic wood burning stove – consists of place to put the fuel, and space to act as an oven and a top to boil water

Electric or gas stove

Keep us warm

Fireplace in the middle of the house

Heats the air around it – convection heats the space – works only in a small space and the walls would be cold

Lots of rooms – fireplace in every room – still see that in very old houses

Central heating system – move heat to the rooms

Hot water system

Boiler heats water (like a kettle) – pump the hot water through the pipes to every room. Each room has a distributor (called a “radiator”!!!). Common in apartment buildings

Hot air system

Gas or oil furnace heats the air – fan blows the air through ducts to the rooms – common in houses and in the school

Where do I put the vent?

Hot air rises – so put the vent at floor level so rising heat makes the room comfortable

If vent is in the ceiling – floor will be much colder than the ceiling – problem with many basement systems

Cold air return

More efficient to take the – relatively - warm air in the room and reheat it – rather than heating air from the outside every time

So have another vent to suck the air out of the room and return it to the furnace where it is reheated

Where do I put the vent?

Near the floor where the air is cold

NOT beside the heating vent

Often see the cold air return in the hallway

Especially important in the basement where the heating vents are usually in the ceiling

Air conditioning

Placement of the vents for air conditioning is different that for heating

So no one system is ideal

What is a heat exchanger?

A device that transfers heat from one system to another

Pipe draws water from an underground reservoir, and a fan blows air across it to extract the heat

Used in nuclear reactors to isolate the radioactive water that touches the control rods from the water/steam that does work

Can heat let us travel somewhere?

Heat something – it will expand – some exceptions

Heat air – it expands – less air in the same volume – hot air rises

If we trap the air in a container – like the nylon cover of a balloon – air cannot escape except by the bottom

So the balloon has less air in it that an equivalent volume of unheated air – so balloon rises – there is a limit to the weight it can lift

Once the air in the balloon cools down, normal air goes back in, and the balloon comes down – so we need to continually heat the air

No control – drift with the wind

How does a steam engine work?

Think of a kettle – apply heat and the water boils

When the water boils, the liquid water becomes a gas (steam)

1 cc of water becomes 1700 cc of steam (at STP)

In kettle, the steam escapes, but what if we trap the steam in a boiler – either release it or there will be a very loud bang

Have a pipe take the high-pressure steam to (say) a turbine

Now we have a turning shaft – which can be made to do work for us

Grind flower

Turn wheels

Put a wire coil around the shaft, in a magnetic field, and we can generate electicity

We have a MACHINE

Can be made more efficient by condensing the steam to water after it does the work and returning the water to the boiler

Why is the steam engine important

It’s the second stage of a nuclear power plant

Uranium gives off energy as radiation, which heats the heavy water

Heavy water is passed though a secondary heat exchanger as the source of heat in a boiler

The steam from the boiler does the work

Two separate cycles

How can we keep things hot?

Metals conduct heat well – a metal cup will lose its heat quickly

Ceramics conduct heat less well – so cup or mug will keep the coffee warmer longer

Could have an insulated cup – thin layers of plastic with an insulator – like Styrofoam – in between. Keeps coffee hot long enough to drink it

Best is a thermos jug – vacuum to avoid conduction and convection – silvering to reduce radiation

Similar example with insulation in the walls

How does a refrigerator work?

When a liquid evaporates, it absorbs heat – heat water, makes steam – just a different perspective

When you put water on your skin, the water evaporates, it absorbs heat, creating that cool feeling. 

Rubbing alcohol feels even cooler because it evaporates at a lower temperature. 

The liquid, or refrigerant, used in a refrigerator evaporates at an extremely low temperature, so it can create freezing temperatures inside the refrigerator. If you place your refrigerator's refrigerant on your skin (not a good idea), it will freeze your skin as it evaporates. 

There are five basic parts to any refrigerator 

Compressor 

Heat-exchanging pipes - serpentine or coiled set of pipes outside the unit 

Expansion valve 

Heat-exchanging pipes - serpentine or coiled set of pipes inside the unit 

Refrigerant - liquid that evaporates inside the refrigerator to create the cold temperatures. Many industrial installations use pure ammonia as the refrigerant. Pure ammonia evaporates at -27 degrees Fahrenheit (-32 degrees Celsius). 

How it works:
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A.
The compressor compresses the refrigerant gas. This raises the refrigerant's pressure and temperature (orange), so the heat-exchanging coils outside the refrigerator allow the refrigerant to dissipate the heat of pressurization. 

As it cools, the refrigerant condenses into liquid form (dark blue) and flows through the expansion valve. 

B.
When it flows through the expansion valve, the liquid refrigerant is allowed to move from a high-pressure zone to a low-pressure zone, so it expands and evaporates (light blue). In evaporating, it absorbs heat, making it cold. 

C.
The coils inside the refrigerator allow the refrigerant to absorb heat, making the inside of the refrigerator cold. The cycle then repeats. 

This is a fairly standard -- and somewhat unsatisfying -- explanation of how a refrigerator works. So let's look at refrigeration using several real-world examples to understand what is truly happening. 

Open and Three Stone Fire Place
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Stove type: Traditional
Construction material: Clay/Mud
Chimney: no
Fuel type: Wood
Country: Sri Lanka

Portable Metal Stove
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Stove type: Improved 
Construction material: Metal
Chimney: no
Fuel type: Charcoal
Country: Pakistan

How Air Conditioner Works
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How A Steam Engine Works
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