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% STE-L3

Solar collectors

= optical characteristics
= testing and certification
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%@ System glazing - absorber

& dopadajici paprsky
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absorber

T glazing transmittance for solar radiation
o absorber absorptance for solar radiation
yoX diffuse reflectance (from absorber)
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%é System glazing - absorber

o0

() =z [(1-a)p,] = 1—(1T—aa)pd

reflectance for diffuse radiation: integration in the range 0 to 90°

simplification: p; = p(60°)
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%@ System glazing - absorber

DOPADAJICI SLUNECNI ZARENI

/\/\/ =ee Q-]

ra)=r-a+r~a-(1—a)-pd‘

Ta(l —a)p, ’I:Ot(l Ot)zpd ‘(

() =7 -«

example: glass, n=1,52, K=10m", p; =15 %

incidence angle 0° incidence angle 60°
7=0,88, «=0,90 7=0,80, «=0,80
™o =0,792 QL = 0,640
(7q) = 0,804 (7a) = 0,659

(7a) = 0,804 (7a) = 0,660
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%\é Glazing optical properties - transmittance
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%\é Incidence angle modifier (K, IAM)

efficiency characteristics apply for normal incidence 8= 0° x usually &% 0°

t—t (t —t.)°
g) = g, --m e _g,.-m e
n(6) 1 G 2 G

incidence angle modifier (IAM) — influence of incidence angle on collector
efficiency, optical characteristic, angle dependent correction

K@ — 770(90)
17,(0°)
symetric collectors: K, (6)

asymetric collectors: K, (6) =K. (4) - K;(&)
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/@ Optical characteristics of collector
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%\é Incidence angle modifier (K, IAM)
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only for flat glazings / absorbers
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%\é Incidence angle modifier

flat plate collector
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%\é Incidence angle modifier

tube collector with cylindrical tube collector
absorber (with/without reflector) with CPC reflector
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%\é Incidence angle modifier

It is important to :

consider the optical characteristic always as a complex ( K, * 7,)
high increase of K, at 50 — 60° indicate low 7,

and vice versa ...



%\é Collector heat output at real conditions

efficiency (heat output) characteristic at normal incidence

m_te (tm_te)2

G * G

t

n = 1y—a-

t )G [m*KIW]

|IAM characteristics for other incidence angles (direct, diffuse)

79(0) w2 o o .
o Ke’d — K(Q) SIN Zede 056 | |
17,(0°) -([

Ke,b —

heat output for real conditions (direct and diffuse radiation)
Qk = A, (KG,bi,T +K6,de,T)_a1 (tn —to) —ay(t, —t,)°]
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%\é Collector heat output at real conditions
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% Collector heat output at real conditions
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%\é Collector performance — net annual gain

kWh/m?.rok
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% Collector performance — net annual gain
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kWh/mZ.rok

700

600

500

400

300

200

100

related to gross area Ag

t =40°C

1

PK1

PK3  PK4  TP1 TV1 T™vVZ TV3  Tv4  TR1  TR2  TR3

PK2



%é Collector performance — net annual gain
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%\é It can’t be generalized ...

To evaluate suitability of solar collector ...

information on type of collector is not sufficient (,flat-plate is best
for hot water®, ,vacuum tube is the best®, ,Sydney tube works
under clouds®)

efficiency curve indicates but it is not sufficient for detailed
comparison, need for optical characteristic (especially for tube
collectors!!!)

need for information on operation and climate conditions the
collector will work in ...

what is the aim of evaluation or comparison - relating the output
to aperture or gross area
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... and the price matters
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%é Testing of solar collectors (EN)

= report on tests in accordance to EN 12975

= heat output and efficiency
= Internal pressure

= high temperature resistance
= exposure

= external thermal shock

= internal thermal shock

= rain penetration (glazed)

= mechanical load

= impact resistance
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% Solar Keymark

Certification quality mark (CEN)

solar collectors, factory made solar systems

voluntary certification by third party, complex conformity with EN

it is not a CE mark ! (conformity with EU directive), not applicable for usual
colectors

documented production inspection (ISO 9000)

inspector selects ANY collector to be tested from the store or production line
continuous checks in defined periods

information: collector passed ALL tests according to EN 12975-2

no info, if collector is highly efficient or not, only stability of presented
efficiency characteristic for all products under tested designation


http://www.cenorm.be/conf_assess/keymark/keymarktext.htm
http://www.cenorm.be/conf_assess/keymark/keymarktext.htm

%\é Blue angel

Ekologic mark

for products generally, most known mark in Germany
for solar collectors: definition of materials, which could be used
minimum heat gain 525 kWh/mZ2.a determined by simulation (!)

determined in specified solar system model for hot water preparation
storage: volume, insulation thickness, thermal conductivity

pipes: length, diameter, insulation thickness, thermal conductivity
heat demand: amount, temperature and daily profile of hot water
climatic conditions: Wurzburg

requirement; collector area set to cover 40 % of the demand




Simulation model of solar system

TYPICAL METEOROLOGICAL
YEARFOR
WURZBURG 49,8°

2% DN16, 12 25 mm

L=2x75m

L————d.———

SKLON 49.8°
ORIENTACE JH
PARAMETRY KOLEKTORU:
KRIVKA UCINNOSTI
KRIVKA MODIFIKATORU

SOLARNI ZASOBNIK

TEPLA VODA
ODBER 200 LIDEN, 45 °C
700 40%
1200 20%
100 40%
ODBER. PRUTOK 10 L/MIN

OBJEM135L
47°C

- !

o OBJEM 300L

VENKOVNI PROSTREDI UA=22 WK e

VNITRNi PROSTREDI I HID=25 @
|
|

2 xDN16, 12 25 mm I PRUTOK 50 1{h.m2)

L=2x75m } >
L@ - 2
SPINAC AT =2K N

OKOLNI TEPLOTA 15 °C

DODATKOVY
ZDROJ TEPLA

b e

VYMENIK VNORENY
UA=400 WIK

L.—.—. — STUDENA VODA 10°C




