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Solarni systemy

Termomechanicky a termoelektricky
princip



Ceské vysoké uceni technické v Praze F E
FAKULTA ELEKTROTECHNICKA S Z

Eleltrotechr VUT FEL

Absorbce svetla a generace tepla

Absorpce je zplsobena interakci svétla s Casticemi hmoty (elektrony a jadry)

Je-li energie Castice pred interakci W,, po absorpci fotonu je energie W,+ hv

® interakce s mrizkou — nizkoenergetické fotony, nasledkem je zvyseni
teploty

e interakce s volnymi elektrony — zvyseni teploty

e interakce s vazanymi elektrony - mtze dojit k uvolnéni elektronu
z vazby, vznik volnych nosicli ndaboje

Pri rekombinaci je vétSina energie rozptylena ve formé
zvySeni kinetické energie atoml => zvyseni teploty
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Absorbovany vykon

P = (1_ Q)@in

R je odrazivost povrchu

Povrch absorbujiciho materidlu se se ohfiva, vznika rozdil teplot mezi povrchem
absorbujiciho télesa a okolnim prostredim

Pokud zaroven dochazi k ohfevu télesa s mérnym teplem materialu c
0 objemu V a hustote p,,,
dT dT

tepelna kapacita C,, P=p.cV ’m =C,, p

Dochazi k prenosu tepla vlivem gradientu teploty
vedenim uvnitr télesa
rozptylenim do okoli

- prestupem tepla
- vyzarenim
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Prenos tepla vedenim

P P AT
— =K gradT — =K—
S Ax
K je tepelna vodivost
Prestup tepla (konvekce)
P
= AT
h je koeficient prestupu tepla
Prestup tepla zarenim )
\
P 567 L
S 100

€, je emisivita povrchu

T, je teplota okoli
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Ziskané teplo je mozno vyuzit:

* priprava teplé vody

- uzitkova tepla voda

- teplovodni vytapéni budov

¢ ohrev vzduchu
vytapéni budov

e chlazeni budov (klimatizace)

e vyroba pary (navazneé vyroba elektrické energie)
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Ohrev vody pomoci sluneéniho kolektoru

transparentni knyt

shérna trubice pro

absorbér odvod tepla

tepelna isolace

trubice 5 teplonodnou kapalinou

ram kolektoru

L4 4
T T
=567 & — N
100 100
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PP W W WG

Aluminium roll volume
absorber

PPN

Aluminium with pressed in
copper tube

Between 2 sheet metals
pressed in tubing system

On sheet metal soldered
tubing system
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Usporadani absorbéru

~

absorbér s hadovou trubici
-
I! /
S

absorbéry s primym potrubim

plochy nekryty absorbér
— bazénovy typ




Solarni chlazeni

- Drycooler |\AAA/
solarni A
kolektor X

horke vody

zasobnik @_% ]
:

R Lgana

%
s

absorbéni
chladnicka

zalozZni zdroj

uzavreny absorpcni cyklus - nejcastéjsim je cyklus na
bazi dvojice latek LiBr (sorbent)-voda (chladivo) nebo
voda (sorbent) — ¢pavek (chladivo). Vyzaduje relativné
vysoké provozni teploty (100 az 150 °C) a tedy poufZiti

il LAy~ v ab i~y ~rlh LATAL A i
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budova

*?]—4‘1_’ A J{IHME
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—

zasobnik chladici
kapaliny
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se solarnim zasobnikem tepla —
oddéleni odbérového okruhu
vymeénikem tepla (pratokovy;,
zasobnikovy ohrev vody);

horka voda

studena voda , l

Boiler

okruh s nemrznouci
kapalinou




pomocny
plynowy
ohfev -

55—
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VUT FEL

tepld voda

teplovodni topeni
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Slunce jako zdroj tepelné energle

N\ \S s\ ‘l solarni komin e
T<150 °C
L)
linearni kolektor C=30-80
y (parabolicky T <450 °C
‘ Zlab)

: C = 200-700
zrcadlove pole
(solarni véz) T <1500 °C

C = 1000 - 2500
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Moznosti premeéeny teplo -> elektrina

\"& 4 /7 \4 v ®
* Prima premena ..
— Fotovoltaika
- g 5 (% >7)
— Termoclanky _ﬁ_

— Peltiértv a Seebeckulyv jev

 Preména na pohyb

— Preména pohybu na elektrickou energii
e Turbina
e Generator (alternator, dynamo)
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Seebeckuv - Peltieruv jev
b

-." ./' 1\. .;‘. O T
N\ Y
e )

Heat source

Heatflow, Q

Heat sink . Heat rejection
9 7 Current flow, / 5 G

-:l "" :
e ‘
L 4

Power generation mode Active refrigeration mode

Current flow, / /
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Carnotuv cyklus

AB -

Jednotlive Casti cyklu:

izotermické rozpinani {plyn ve styku s ohiivadem, Wag = +04

- adiabatické rozpinani (plyn tepelné izolovan, YWae = &Uge
- izotermicke stlacovani (plyn ve styku s chladicem, Wep = - (2)

- adiabatické stlacovani (plyn tepelné izolovan, Wpa = Alpa)

v
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Bonus slide C.1
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Stirlinglv motor

FLYWHEEL
90 DEGREE PHASE
AMGLE IS NEEDED k)
CRANK SHAFT HERE
4

=14

", REVOLUTION
Y FOWER PISTON

F_ i

> _HOTAIR




20rator
.
jiIckych Systemul
&

Ceské vysoké uceni technické v Praze : F E Fotovon
FAKULTA ELEKTROTECHNICKA S Z

ira Elelitrotechnologie CVUT FEL

Parni turbina

Turbine Generator
I Low Pressure l l
Reheated Steam Steam
From Boiler
High Pressure

Steam From
Boiler

To Boiler For
Reheating

Condenser Power To
Transformer
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< |
%t 7

| || TEMPERATURE DIFFERENTIAL
: = DENSITY DIFFERENCE
= PRESSURE DIFFERENCE
l SOLARTOWER = UPDRAFT

COOL AIR

SOLAR RADIATION (ENERGY)

Collector

Ground
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Akumulacni systém

Thermal storage

Collector

— ————

\Turbines/
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Helium Lift Rings

oA

Collector Array

— T

r Induced convectio
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cool climate | hot climate
H .@:\ —
Architecture, Urban Design, Consultancy & Presentations \l//’ -
&
T
% __air filters DR
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Solar Chimney in Manzanares

Postaven 1982

Turbina 50 kW

Pridmér kominal0 m
Vyska 194 m

Priameér kolektoru 240 m
Vyska kolektoru 2 m

Zboren 1989
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Projekty...

V soucasné dobée neni tento
systém ve svéte provozovan
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Linearni parabolicky kolektor
Teplota priblizne 450 °C
Ohrev oleje nebo S
roztavené soli -
Vyroba pary, parni
tubina

ahsorber
tube

reflecior
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receiving tube =

reflecting panels

solar field piping
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solar field

A
<</Steam generator
— + o Gurt

power island

balance of plant
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ncip cinnosti {}

’

B D 1 3

HOT TANK . COLD TANK

\-\_ ‘\\
\\.\_W & '

STEAM CONDENSER

TURBO ALTERNATOR
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Teplonosna latka

OIL

[ L L ~300c

1 3 380°C

g 9 B

1 4 B THERMAL L»
Lok ENERGY

1 (4 STORAGE

-~

STEAM
TURBINE

dM
B =2 T, —T
k df (k.. kl)

STEAM
GENERATOR

Tsoun | EXCHANGER L
dM P . 4 3 FIELD
——  hmotnostni prutok teplonosné kapaliny e B 290°C
- , : . . it CONDENSER
¢ meémd tepelna kapacita teplonosné kapaliny M @‘f”""\u\{?hh;
T,, teplota na vstupu do soldrniho kolektoru i e —550°C l
T,, teplota na vystupu ze soldrniho kolektoru HidE @
= o= = 550°c-— STEAM
o (S TURBINE
143 THERMAL L
oy HeATER STORAGE GENERATOR
R RE i
Teplotni odolnost teplonosné latky HEHH ™

CONDENSER
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Roztavena sul x olej

60% NaNO, + 40% KNO,
Velka tepelna kapacita
Velka hustota

Nizky pracovni tlak
\yssSi pracovni teplota
— 290°C az 550°C
Olej
— nizsi pracovni teplota

— tekuty za normalni
teploty

400

350

300

T (°C)

200

150

Phase Diagram NaNO3-KNO3

—m— Melting point

—a— Freezing point

250 -

R

-—

T
e b T w e M~
S c o o s o o

Molar Fraction NaNO,

o © o
(=] o

Nehorlavé!

http://www.archimedesolarenergy.it/molten_salt.htm
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SEGS (Solar Energy Genera

|

|
1
1
|
|
|

Mojave Desert
* Pouzité médium olej
 Moznost ,pritapéni“ pomoci plynu

ting Systems)
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DESERTEC

* do 3000 km od pousteé zije 90 % obyvatel zemé
e Vyuziti pousteé pro vyrobu energie
— solarni elektrarny

* Transport energie do mista spotreby
— ZVN vedeni

BY 2050, THREE EARTHS WILL BE NEEDED TO WHAT CAN WE DO TO ENSURE THAT ONE EARTH
MEET HUMAN DEMAND FOR RESOURCES CAN SUPPORT 10 BILLION PEOPLE BY 20507?

$®d O
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CSP collector areas
for electricity

. EL25 2005

W MINA 2005

Bl s 5P Mt ELMENA 2050

DESERTEC-EUMENA

$ Concentrating
> v
= Solar Power k=

Photovoltaics n Biomass
Wind B Geothermal

BDESERTECL

Hydro
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Problém ?
Nestabilni situace v africkych
zemich
Politicke tlaky
Technologicka nedokonalost
Narocné budovani
infrastruktury
Soucasna ekonomicka krize

Jie OVUT FEL

"
G W
S
3 ..;Y\
)
\
)
A~ : N

provoz, navrh, oprava
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Solarni véze
e \étsi koncentracni
pomeér (az 700)

e \/ysSi dosazena teplota

(aZ 1500 °C) % Cs
N

K )

W

reflectors

Jie OVUT FEL

ity
absorber
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Solar One, Two

Solar One

— 1818 zrcadel
— 40 m? kazdé
— od roku 1982
— do roku 1986
— médium - olej

e Solar Two
— pridan druhy kruh 108 zrcadel
— 95 m?, kazdé

— postaveno v roce 1995

— meédium roztavena sul
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PS10 Solar Power Plant panéisko)

e PS10-11 MW (tower)
— 624 zrcadel
— kazdé 120 m?
— 115 m vysoka véz

— 320 slunecnich dni
— 2004,2007 provoz
— prehrata para

e PS20
— 20 MW
— 2006, 2009 provoz
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Nizkotlaky systém
— 650°Caz 850 °C

Vysokotlaky systém
— 1100 °C
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Parabolicky koncentrator

 KoncentraCni pomeér az
2500

e Teplota az 2500°C N

reflector
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Stirlinglv motor
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Zaverecny prehled
SOLAR TECHNOLOGY LANDSCAPE

Photovoltaic Solar Thermal

TRADITIONAL PV CPV DISH ENGINE TROUGH TOWER FRESNEL REFLECTOR

PV cells (usually Mirrors or lenses Dual axis radial Rows of trough Sun tracking mirrors Similar to trough
silicon based) focus sunlight concentrator shaped mirrors focus sunlight onto but uses flat
convert solar energy onto multi-junction collector made of direct concentrated a central receiver (Fresnel) mirrors to
directly into PV cell curved mirrors radiation onto (usually tower concentrate light
electrical energy tracks and focuses receiver tube mounted)

sunlight onto
Stirling Engine.*

<10kW to 10MW 100kW to 100MW 100kW to >100MW 50kW to >100MW 500kW to >100MW 50kWw to >100MW

The SES SunCatcher™ Solar Dish-Stirling System Technology is Superior in Efficiency, Reliability and Overall Performance.



