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Brief Review of last class on Fission

]
il i il

Boiling water reactor

BWR

Versus
Pressurized Water Reactor

PWR. (submarines)
In PWR’s water is Pressurizecl to Pre\/ent it from boiling. Water gets superho‘c and outside the FE RO I

heats up and boils unPressurized water. Pipes needed to carry this high pressure water around.
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Direct fission

Uranium as fuel: Availability / costs aspect.

| . Available 3x10Tons U3Og

2.To produce | GW.yr need | Ton 23°U or 200 Tons mined U3Og
3. Total capacity in USA 97 GW.yr ..Available for 155 years

Breeder tech

Plutonium as fuel:

|. 4200 years

2.Lower grade Uranium is also useful therefore more....

3.Win-Win from this view point. Liquid sodium leaks.+ proliferation issues......

Type of fuel $ per MWH Market share
2009

Ruclear 51 20.3%
ower

Coal 37 44.9%
Gas turbine 35

combo

Solar cells 202

Costs of electricity from nuclear power versus other fuels

Solar Thermal 158
Wind 55
Hydro | 45 86 7%
electric
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Disasters:

Three Mile Island (USA)
Chernobyl (USSR)
Fukushima Daiichi (Japan)

Germany: Nuclear power plants to close by 2022

Germany's coalition government has announced a reversal of policy that will see all the country's nuclear power plants phased
out by 2022.

The decision makes Germany the biggest industrial power to announce plans to give up nuclear energy.
Environment Minister Norbert Rottgen made the announcement following late-night talks.
Chancellor Angela Merkel set up a panel to review nuclear power following the crisis at Fukushima in Japan.

There have been mass anti-nuclear protests across Germany in the wake of March's Fukushima crisis, triggered by an
earthquake and tsunami.

'Sustainable energy'

Before the meeting Chancellor Angela Merkel said: "I think we're on a good path but very, very many questions have to be
considered.

"If you want to exit something, you also have to prove how the change will work and how we can enter into a durable and
sustainable energy provision." Ministers said they needed to keep nuclear energy as a "bridging technology" to a greener
future.
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Vision for future securitg:

Need multiple redunc!ancg

Say 4 levels of confinement
At each level) assume that all

Previous levels have failed.

e S| P e Expense of reactors will increase due to

A F, 2 ‘F‘F.
Forget economy o1c scale thxs conrinement securltg) but Pags O
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Fusion
1
} Fusion and its issues

_ Dilithium could be found on only a few planets in the galaxy, and was
therefore a rare and valuable substance. Notable sources of dilithium
.’ included Coridan and Elas in the Federation, as well as Rura Penthe in
the Klingon Empire and Remus in the Romulan Star Empire. (TOS:
"Journey to Babel", "Elaan of Troyius"; Star Trek VI: The Undiscovered

; Country; DS9: "One Little Ship"; Star Trek Nemesis) It could also be
found on Troyius, where it was known as radan, and had a variety of
different uses, including jewelry. (TOS: "Elaan of Troyius")

ar As all Trekkies know:
g TOS = The Original Series
DS59= Deep Space 0

Scientifically, use of the prefix "di-" denotes two atoms, suggesting
dilithium consists of two atoms of lithium. However, lithium, being a
metal, should not be able to exist in this state, as metals cannot

) B— form diatomic molecules. "Real” dilithium (two lithium atoms in a
— [ covalent bond) is only currently known to exist as a gas.
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And now for some real science

“Hy +3 Hy —35 Heg +n + 17.6 Mev

This is the process for a schematic DT fusion reactor.

Breeding Tritium for cgcling
n+° Li — o+ Hy + energy
But first some light on the Sun:

" Total energy produced by the sun ~ 3.6x103' ] per day

(Baicreacions 135 Qjad per clagl!

DD

: Code: D = Deuterium 2;Hjs

et i D= Deutron =lproton + | neutron= 2/H,
= Tritium 31H2

T=Tritium= | proton + 2 neutrons = 3|H;

=S e —— i ——
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14.1 MeV

‘He + 3.5 MeV

@H

DT reaction

“Hy, +3 Hy —5 Heg +n+ 17.6 Mev

This means we can bring (standard) abundant chlrogen with tritium to
Procluce Helium and energy. However, tritium is not natura”g occuring,

Need breeder to grow that isotol:)e. Lithium is needed for that.

1 o £ 3 1
0T _|_3 La el T _|‘2 He A bit of 7L Procluces neutrons

%,n _‘_g I —>:‘I’ T _|_§1 He +(1) % needed for keepingthis going.

Need confinement to fire fusion.

Either magnetic confinement or some other “Plasma” ty[:)e effects.

Expcrimental~ nothing “Proven” 96‘:.

.
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This and the next slide

are informational only- not part of chlrogen Burning: Hans Bethe <]9§9>
our exam related course

* None of the two~Partic|e reactions between the major sPecies injuveniie H
e A Produce a stable Procluct:

* H+H =2He (unstable) ='H +H
* H+*He =L (unstable) = 'H + *He
* “He +*He = 3Be (unstable) = *He + *He

* However, Hans Bethe (19%9) showed how iwgclrogen burning can begin with
the exothermic formation of deuterium:

* H+H=2D+ " +v+1.442 MeV
* This reaction initiates the PPI chain:
2 R D T3 )
2 GHSIEEID =2 e )
‘He +°He=%He + 2 1H
Netai it ess oty

D quickig aPProaches equilibrium vaiue) but this is 10” times smaller
than the terrestrial value. . .terrestrial 2D is made elsewhere!

— _— = = — - ——
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Life Cycle

of the Sun Now ReG ant _Planetary Nebula
Gradual Warming

F 0o 000000 ® o . -

White Dwarf ...

Birth L 3 4 5 6 7 8 9 10 11 12 13 14

In Billions of Years (approx.) Sizes not drawn to scale

* Most stars Produce energy bﬂ H buming — First generation stars Produce
THe bﬂ Proton~l:>roton~chain process: fusion

* Second generation stars have alreacly incorl:)oratecl other elements begoncl
+*He and 'H buming takes Place by C-N-O Cgcle: four Protons fuse using
carbon, nitrogen and oxygen isotopes as a catalgst to Produce one alPha
Particle (*He), two Positrons and two electron neutrinos. Fusion processes
(He burning, & buming @) buming, 5 buming can form elements up to mass
ArOCa)

* Eventua”g all H will be fused to He (our sun has fused 10-20% of its H)

o If the staris < 8 solar masses, the star will undergo swe”ing to form a red

gjant, followed bg gravitational co”apse to a white dwarf.
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Final Tol:)ic

Conserving energy at home and work

*Energy spent: where does it all 207
(Lonciuction, convection and radiation

eConduction proper and analogg with electricitg
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Doing better than Predictions: thanks to conservation efforts

Predicted energy usage (1970 Preclcition for 200%) was 160 QbBIu,
we are at 98 QBTu

Energy consumPtion/GDP ratio:
1970: 27000 BTU/$
2OE 8400 BTU/$

Is it sensible to take ratios of two dimensional things?
In Plﬂgsics we are very careful to define dimensionless ratios as far as Possible

Not so in other fields.

=S e —— i e — S
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Usage levels of energy Total 98 QbBTu
eHousehold 22%

'Transport s

°lnclustr9 5%%

eCommercial uses 18%

Househol& uses:

°5Pace heating: 47% A= EI
*\Water heating 16% 2l QBT
'Appliances 22%

oRest 25%
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Thermal conduction: 50-60%
Convection: 30-40%
Radiation: 5-10%

Conduction goes out tl'nrough walls 37%), windows (16%) , Hloors 1%), doors (3%),
ceilings (5%)

Cracks in walls windows and doors (38%)

Good clesigns help, especiang for newer houses.
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Analog9 be’cween electrical crrrent ancl thermal energy transport

Source

Jer leng’ch or resistor
A = Cross section of resistor

o = electrical conductivitg

ge el

Tiot = T1 T T2
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thermal energy transport

Source

O—AAW

Drain

e length of insulator
A = Cross section of insulator

k= thermal concluctivitg
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Basic Equation for Heat conduction:

Dimensions of various things:
Gl sl
T] ~ Hour

Tosi B ale )
Bl = Honrsd ek

|

K
L

Qu

i co H
e

it

I

Combining these: rH

@ 5 (TH —ch)A K
t L

USU8l|9 CXPFCSS t}'llS as

_A><AT><t

Q

= R

Traders use the so called R value defined above
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Thermal Resistance of materials is usua”g expressed

in terms that are slightlg different from r

A e XU T
L s Bl'u
K

b B\ o
Q@ = i
X

We can use this

: to add resistances \ AT X t — degree T dayS

. and achieve the insulation

; needed. o A w\
24 X degree — days
] o e o
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Tgpical R-values

Material R (hroF ft2)/ BTu
Plgwoocl % /47 0.94
Polgurethane 6.25

Brick 8%
Stone 0.08

Congrcte 1.28

Glass 1/8” @03

Alr lager (outside) &%
Air lager (inside 1
home)

Concept of Degree Dags is useful.
Fach dag we can calculate temp difference x hours

fEeey gi\/en (winter) season we can add up the clailg Figs.

Degree clags
Examplc:
Temp 65° with outside temp 17°F
What is the dd in 150 days?
Degree clags = (6017 %150 clags 27200 cleg clags

eBarrow Alaska 1 9990

oNJ 310
*SE 5070
*Miami 170

A

—=24 X degree — days

total
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Rr=Ri1+ Ro+ Rs+ ..

As an examl:)le, a double glass window is a better insulator than a single glass window
since we have two sheets seParatecl bg air gap- The air gap also has a signhcicant R value:
From last table: we see that the

inside air !ager has R=0.68 (Outside |ager has less R=0.17)

glass pane (1/8)thinch R=.0%.

Hence for a single pane glass REEROS .05 .1 7=
Double pane glass gets 3 inner lagers R OB A
Much better deal
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