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@ STE-L2

Solar collectors

= collector components
= efficiency factor
= efficiency

= heat output



%é Solar collectors

2147

- liquid

- air

solar collectors

glazing

- NO cover
- single

- multiple
- structure

construction type

- flat plate
- tube
- concentrating

pressure

- atmospheric (100 kPa)
- reduced (< 100 Pa)
- vacuum (< 0.1 Pa)

- plastic
- metal nonselective
- metal selective

- accummulation
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/@ Solar collector

Transparent cover - glazing

Absorber

Thermal insulation

Pipes with heat transfer fluid

Collector frame



4147

%é Glazing

= single glazing

low content of FeO, (,solar”, ,low-iron)

= reduction of absoptance in material of cover

antireflective coatings

= reduction of reflection at interface glass-air

prizmatic glazing (pyramids, texture)

= increase of transmittanceat higher incident angles

double glazing

= solar glazing + foil (teflon), reduced heat loss, lower transmittance
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%@ Optical losses

reflection at each interface glass-air about 4 % (normal incidence)
practically independent on thickness

1%

100%‘ > 91 %
4

4%+ 4%
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%\é Antireflective (AR) coatings

reflection for each interface glass-air is reduced to 1,5 %
layer with low refraction index (mechanically, chemically)

100 9 [NI) > %%

1.5% + 1.5 % ‘

double glazing with 4 AR coatings:
transmittance 92 % > single glazing without AR coatings 91 %
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%@ Glazing heat loss

heat loss through cover channel structures
about 75-85 % total loss

multiple glazings

special structures

honeycomb structures
aerogel

L1
/I
LA AL
LA A4
LA A AL
T A1
LA A AL

s on |

Fl’
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%\é Glazing optical properties - transmittance

1,0
~ const
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%\é Solar absorber

theory of radiation, radiation properties of bodies

absorptance « + reflectance p =1 (adiathermanous bodies)

for given wavelength A applies: absorptance ¢, = emissivity &,
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perfect black body: =1, p=0
perfect white body: =0, p=1
greybody0<a=a, <1, p=1-«

selective body 0< o, <1, p, =1 -,

for all wavelengths
for all wavelengths

for all wavelengths

AsoL F &R




reflectance

Selective coatings

ideally p=1, «
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%é Selective coatings

galvanic coatings

= strucuture of coating by electrochemic
method

a=0,93-0,96, £=0,10-0,16

ceramic-metal: cermet coatings

= sputtering, ohysical vapour deposition
process, high quality coatings

a=0,95, £=0,05

paints

= significantly worse properties
=092, =085
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%é Energy balance of solar collector

Heat loss through Heat removal by fluid

Reflection 91azing
at absorber

Reflection at glazing

Heat loss through
side and back wall
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%\é Energy balance of solar collector

(jj—ct? = QS — QZO — ta — Qk general formula

Qk = Qs - Qz,o - Qz,t stationary conditions dQ/dt =0

Q,, optical losses Q,, = Qs - Qs
Q,,  heatlosses Q= UA (typs — L)

Q, heat output of collector Q = M-<c{t, -t
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%\é Heat loss of solar collector

front air layer
back air layer
cover
absorber

collector frame

Q1 =UpAc(taps —te) + U Ac(tans —te) + Up A (taps —te ) ={ UA(taps —te)
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%\é Heat output and efficiency of collector

heat output of collector:
Q. =GA rr —UA (t, —t,)

efficiency based on mean absorber temperature:

Qk _ Qk _ GAkTOC _UAk (tabs B te)
Q. GA, GA,

77:

(tabs _te)

n=ta—-U
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%\é Efficiency of solar collector

U (tabs B te )
G

T ... glazing transmittance for solar radiation [-]
o ... absorber absorptance for solar radiation [-]
U ... heat loss coefficient [W/m?2.K]

t..s --- mean absorber temperature [°C]

t, ...ambient temperature [°C]
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%\é Efficiency of solar collector

1,0

optical loss  ~ (1-7a)
0,8 A L 4

0.6 - heat loss ~ U(t,pt,)

N [-]

0,4 -

0,2 1 o
efficiency

0,0 . Y .
0,00 0,05 0,10 0,15 0,20

(abs - Lo)/G [M°.KIW]
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/@ Heat loss x optical loss

1,0

0,8 -

0,6 -

n [

2 glazings

0,4 1 :
1 glazing
0,2 1
unglazed
0,0 | \| |
0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14 0,16

(t.-t.)/G [m2K/W]



/%é Efficiency of solar collector
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a:z.a_u(tm _te)
G _

F’ ... efficiency factor >0.90

depends on geometry and thermal properties of absorber

t. ... mean fluid temperature

tn = (fqHio)/2
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%é Heat transfer from absorber surface

te C.)z,t C.)z,o C.)z,o G-Ak

zaskleni T

T. GAk vzduchova
mezera
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%é Efficiency factor F’

depends on
geometry of absorber:

pipe distance, pipe dimension, thickness of pipe-absorber
bond, absorber thickness

physical properties of absorber:

thermal conductivity of absorber, thermal conductance of the
bond pipe-absorber

flow regime in pipes: heat transfer from pipe wall to fluid

total heat loss coefficient of collector U
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/@ Efficiency factor F

how efficient is the heat transfer from absorber surface to liquid?

P U, B heat loss from the fluid to ambient
~ U heatloss from absorber surface to ambient

U U,
A A
Rl/Ué
va dbsorbér: A,
R T 5
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%\é Efficiency factor F

P 11U

s a function of fin
efficiency F

W

dabs




/@ Fin efficiency F

F_ tanh[m(W —2a)/2]
 mW=2a)/2

for rectangular fin

W
B (W-2a)2 a
dabs: ]

N
]

m = 1
\ A0

abs™ abs b,

U heat loss coefficient of collector
(W - 2a)/2 active length of the fin
higher fin efficiency = higher heat removal from absorber

significant influence of thermal conductivity and thickness of absorber
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% Fin efficiency F

reference case: fin efficiency 0.96
copper absorber (390 W/imK), d,. = 0.2 mm, fin W*=W- 2a =100 mm

a

heat loss coefficient U =4 W/im2K

aluminium (240 W/mK) steel (80 W/mK)
d.ps = 0.20 mm, W* =79 mm dps = 0.2 mm, W* =45 mm

a a
d,ps = 0.32 mm, W*=100 mm dps = 1.0 mm, W*=100 mm

abs a

EPDM (0.14 WimK) d_,. = 2.0 mm, W*=6 mm
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%é Plastic absorbers
QOO0
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%‘é Best absorbers — fully wetted metal sheet

Copper
Aluminium Black Chrome Plating

Polyester Powder Coat Nickel Plating

Steel




28/47

%\é Influence of material and geometry

1.0 1.0
== copper (Cu) 390 W/(m.K) = W=50mm

08 | == aluminium (Al) 250 W/(m.K) 08 | = W=125mm
— steel (Fe) 100 W/(m.K) == W =200 mm

0.6 - 0.6 -

= =

0.4 1 04

0.2 - 0.2 1

0.0 T T T O-O T T T

0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

(t, - t.)IG [Mm2KIW] (tn - t)IG [M°KIW]



/%é Efficiency factor F’ - bond quality
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soldering

(W - De)/2

dabs:

dabs

ultrasonic welding

(W - 2a)/2

y j\
AE(G)
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%\é Bond conductance

geometry, material and contact quality

good metal-metal contact required (welding, soldering, pressing)
if bond conductance > 30 W/mK ~ NO DIFFERENCE



%@ Influence of bond on efficiency

t.uchéd contact

clamped

absorber

)

1.0

0.8

0.6

n [

0.4

0.2

0.0
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O welded absorber
¥ o clamped absorber
A touched absorber
0.00 0.05 0.10 0.15

(tm -t )G [M KIW]

0.20
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/%é Vacuum tube (Sydney) collectors

m given by Sydney tube

contact fin: short, conductive, thick, with a tight contact
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/@ Influence of contact fin on efficiency

1,0
Vacuum Sydney collectors with
direct flow
0,8 1
0,6 1
.
0.4
0,2 A
G > 700 W/m?2 contact fin is
0,0 . l ' ' a principle component

0,00 0,02 0,04 0,06 0,08 0,10
(t, - te)/ G [M%.KIW]
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%é Contact at condenser of heat pipe

Heat pipe (phase change of working fluid inside HP)
= evaporator (contact with a fin transferring heat from absorber tube)
= condenser (put into slot wetted by fluid)

R

-

]

— improper construction, bad thermal contact



%\é Dry contact of condenser with manifold

n []

1.0

0.8 -

0.6 -

0.4 -

0.2 -

< dry contact of condenser in manifold hox

+ heat conductive paste application

15-20 %

0.0
0.00

0.02

0.04

0.06 0.08

(tm-te) ]G [M KIW]

0.10

35/47
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% Solar collectors testing (EN)

EN 12975-1,2

Performance tests
heat output and efficiency of collector

incidence angle modifier IAM (influence of incidence angle of solar radiation
on efficiency and heat output — optical characteristics)

effective heat capacity of collector

at stationary conditions outdoor / indoor
clear sky, solar irradiance > 700 W/m?, normal incidence, w > 3 m/s

at dynamic conditions
changeable weather, more parameters, dynamic model of collector



% Determination of heat output
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G

AN

tk1

heat output [W]
Qk :M'C'(tkz —t)

efficiency [-]
Q
G-A

77:



/@ Measured points and regression
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n [

1,0
as close as possible (t, —t.)=0

0,8 -

. ./

@
0,6 -
@
> regression
parabolic function

02| mMmeasured range

< >
0,0 \ I -

0,00 0,05 0,10 0,15

(tn-t)IG [MEKIW]

0,20



/@ Efficiency characteristics =f (t - t.)
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1,0

08 -

06 -
N[l

0.4

1000 Wim?
G
072 1 2
600 Wim? 300 Wim
00 . . . . \ \

9 20 40 &0 =0 100
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%\é Efficiency from testing

regression parabolic function in form

—t t —t
a, - G| 1—=°
203w Ol
I Loptical” efficiency [-], better: zero-loss efficiency
a, linear heat loss coefficient [W/(m?.K)]
a, quadratic heat loss coefficient [W/(m2.K?)]

values 7, a,, a, related to reference area A,

coefficients are given by producer, supplier or testing institute based on

y=a+bx+cx?

test report in accordance to EN 12975-2

40/47
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%é Reference collector area A,

A

gross area: Ag

aperture area: A,

absorber area: A,
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Reference collector area A,
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Reference collector area A,
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%@ Efficiency of solar collector A, — A
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n []

1,0

0,8 A

0,6

0,4 -

0,2 1

0,0

= flat plate

= single vacuum tube

= double vacuum tube
0,00 0,05 0,10 0,15

(t, - t)G [M*.KIW]

0,20



%é Typical coefficients *)
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Mo a, a,
Collector type

- Wi(m2K) | WI(m?K?)
Unglazed 0.85 20
Glazed with nonselective absorber 0.75 6.5 0.030
Glazed with selective absorber 0.78 4.2 0.015
Vacuum single tube (flat absorber) 0.75 1.5 0.008
Vacuum tube Sydney 0.65 1.5 0.005

*) referenced to aperture area
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%\é Heat output (power) of solar collector

solar collector power (normal incidence, clear sky)

Qk — U'Ak 'G:Ak[UOG_a1 (tm _te)_aZ (tm _te)z]

installed (nominal) power
— for defined conditions (according to ESTIF):

G = 1000 W/m?2 {,=20°C t =50°C

peak power (without heat loss)

Q, = An,G G = 1000 W/m?



47147

%\é Heat output (power) of solar collector

1600

peak power G = 1000 W/m?

1200 - installed power

800 -

Qy [W]

400 -

0 50 100 150
(tm - te) [K]



