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(1) Subject
(1.1) Fundamentalinformation

Testinglaboratory: Czechrechnicalniversityin Prague UniversityCentrefor Energy
EfficientBuildings,

Qualityof Indoor Environment
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27343-Bu st éhr ad
Customer FENIXradings.r.o.
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Subjectof analysis analysisof radiantcharaderisticsof electric panekfor heating
Period: Octobertill December2016

Placeof experiments BusStéhrad

Responsiblgerson prof. Ing.KarelKabele CSc

Reportand experimentsprocessedy: Ing.On d Nehasil

Ing.DanielA d a mo Pisx y ,
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(1.2) Introduction

Thisfinal report concludegesultsof analysidocusedon radiant characteristic®of radiantelectric
panelsfor heating.

Descriptionof analysedheating systems

Theanalysishaveincludedfollowing 10 panels:

ECOSUBS+09
ECOSUBS+12
ECOSUR+18
ECOSURS+24
ECOSURB+30
ECOSUR+36
ECOSUNOOU
ECOSUNIO00U
ECOSUNH10
ECOSUNH15

= =4 4 4 4 -8 -8 -8 -5 -

(2) Methodology of measurementand analysisof results

(2.1) Descriptionof measuringsetup

Measuremens of all panelswere conductedin the hall of university centre UCEEBvhere was
restricted area of dimensions8 x 6 m dedicatedonly to experiments.In the centre of this area
eachpanelwashungonacrane

Eachtested radiant panelwas mounted on auxiliary suspendingstructure and elevatedin high
4m abovethe h a | flbor. én this position every panel was fixed into the horizontal plane by
ropes.Thecorrectpositionwasexaminedby spirit levelfixed on the auxiliarystructure.

A meshof measuringpoints coveredhalf of a verticallayer perpendicularto the longitudinalaxe
of the panelstartingin the middle point of radiant panel.In the meshwere 15 measuringpoints
distancedl x 1 m (Figure2-1). Theimmediate point under panek wasexcludeddue to measured
valuesexceedingneasuringangeof useddevices.

Concurrentlywas establishedcomparativemeasuringpoint away of direct radiation from panel
where ambientconditionswere measured.
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Figure2-1 Schemef measuringmeshundertestedpanel

(2.2) Procedureof measurement

Whentested panelwasfixed into the correctposition (seepreviouspoint 2.1) electricsupplywas
connectedinto the grid and period of stabilizingthermal output started. Thisperiod lasted at
least 3 hours until the panel and directly exposed surface (floor) reached steady stated
conditions.Steadystate conditionswere evaluatedby stability of panel surfacetemperature.

Before measurementsin points of the mesh started, ambient state was measuredin the
comparativepoint. Thismeasurementvasperformedalsoat the end.

Measurementof input data for analysisof eachpanelwas done consecutivelypoint by point of
the meshandrepeatedthree times.

Concurrentlywas gathered data of surroundingair temperature, air temperature above the
measuredpaneland supportingdataof electricinput.

Finallyinfraredimagesof front areaandrear coverwere collected.

(2.3) Measuringdevicesand sensors

Table2-1 Summaryof measuringdevices

Description Type Range Accuracy SN.
Indoor Climate Briuel & |
1406645
Analyser 1213
Radiant + 0 , KivBen(t, —
Radi T <15K;
adiant emperature £50 aif C ty) <15K;
temperature Asymmetry temperature +0,-@a3KO0 372010
asymmetry sensor Transducer MM P whenl5 < (-t <
0036 50K
Datalogger Datataker DT88 3V 0,08 mV 106146
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Temperature and 50 az 10
i . HG2-S + EXX 0,3 °cC, 20043030

relative humidity 100 %

Air velocity SVO hotwire 0,5 az 0,13 m/s 4F150807719
30704/1015,

Air temperature(4 . 30705/1015,

TG840, Pt 1000 20 az 6 0,21 -

pcs) 30125/1015
30709/1015

Electric input—1

EKM 265 1,5 W-2650 W 1 % -

phase

Electric input—3 Voltcraft VC 0,001-750V, 0.8 %

phase 5900LED 0,01-600 A e

Thermal Imaging InfraTec VarioCAM Temperature

-4 0 y4 15K (@ 1,5% 1007616
Camera HD 1024 x 768 IRp ' o"9¢ - az (@15%)
Spirit label Extol craft600 mm
(2.4) Sunmary of measuredparameters
Table2-2 Summaryf measurecdbarameters
bt1S@ Yoy I 61 | Jednotka

Spgcific radiant heat flux at a q W/m?

horizontal plane

Mean radiant temperature t, °C

Difference of radiant temperature a|

a horizontal plane in radiant field off Kt K

a panel against ambiemadiant "H

temperature

Air temperature ta °C

Relative humidity of air ' a %

Electric input— 1 phase Pe W

Eledric current (3 phasg le) A

(2.5) Descriptionof analysisof measureddata

Theincreaseof meanradianttemperaturein eachmeasuringpoint is givenasdifferencebetween
radiant temperature in upper hemispherein particular measuredpoint and ambient radiant
temperature measuredaway of the p a n daitett mfluence. Depictedvalues of the increaseof
meanradianttemperaturesin eachpoint are averageof three measurements.
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The increaseof specificradiant heat flux in each measuringpoint of mesh under the panel
representsradiantflux at a horizontallayerdueto direct radiationof measuredpanel.It hasbeen
calculated from total specific radiant heat flux minus specific radiant heat flux in ambient
conditions away of p a n ediréctsinfluence. Depicted values are again average of three
measurements.

Isocurvesof the increaseof specificradiant heat flux are only graphical expressionof heat
transfer via radiation from panek. In estimation of isocurveswas involved linear and second
order attenuation of radiant heat flux in order of measuringpoint’ distancefrom the paneland
incidentanglebetweenthe point and the panel(third order polynomicfunction). Conformityof
calculatedisocurveswith measureddata is acceptable,but priority hasmeasuredvaluesbefore
isocurves.

Thermalimagesof front area and rear cover depict tentative distribution of temperature field
and maximumsurfacetemperature.
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(3) Results
(3.1) ECOSUN S+ 09

Table3-1 Basictechnicalparametersof measuredpanelEcosurs+09

Panel ype, producer ECOSUN S+ 09, FENIX Trading s.r.o0.
Nominal electric input 900 W
Dimensionglength, width, height) 1550 mm, 150 mm, 60 mm

Table3-2 Measurementonditions

Ambient mean adiant temperature |[m ¢ ¢ /
Ambient air temperature 19 °C
Maximum surface temperature 317 °C
Air temperature above panel 22,2 °C
Air velocity 0m/s
Air relative humidity 32,6 %
t=22,2°C
Atrw=5,5K Atrv=1,0K Aten=0,4K
3,5 _@_qz i _?_q: 5wl _@_q: b: sl
g
A= 118K | Atw=6,2K g 21K  Atw=0,8K
+ 2,5 -e-q= 68W/m2 T a= 36 W/m’ -E?-q= 12 W/m? _E?-q= 5 w/m?
sk Mae3TK A Ma=20K At 12K O t=19,0°C
1,5 -e-q: 30 w/m' T g= 22 W/m’ {?-q: 2w/m  Ta=6 w/m? et
o E : :
g
Atew=2,6 K ; Atrw= 2,3 K é Atrw= 1,6 K ; Atew=1,1K
- 0,5 -e-q= 15 W/m? @q: 14 W/m? @-q= 9 wim’ -@-CF 6 w/m’
2 f ] :
Ty AA A
A B C D
1000

)

1000 1000

Figure3-1 Resultingincreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosurs+09 againstambientconditions
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Figure3-2 Isocurve®f specificradiant heatflux in the field of panelEcosur5+09
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F1, 68.25°C

P2, 101,07°C

Figure3-3 Themal imagesof front areaandrear coverof panelEcosur5+09
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(3.2) ECOSUN S+ 12

Table3-3 Basictechnicalparametersof measuredpanelEcosurS+12

Panel ype, producer ECOSUN S+ 12, FENIX Trading s.r.o0.

Nominal electric input 1200 W

Dimensionglength, width, height) 1550 mm, 150 mm,Bmm

Table3-4 Measurementonditions

Ambient mean adiant temperature | M pZ H C /
Ambient air temperature 18,9 °C
Maximum surface temperature 357 °C
Air temperature above panel 25,1 °C
Air velocity 0,01 m/s
Air relative humidity 31,8%
t=25,1°C
O ts= 357 °C
Atew=7,2K Aten=1,1K Ator=0,4 K
35 e O i Prs i
g
Atew= 14,8 K Atrw=8,2K Atrw=2,8K Atey=1,1K
2,5 ‘@‘q: 89 w/m? 7 g= 48 W/m’ ?—q: 16 W/m* T q=7 W/m?
) : : :
Atri=6,7K Atrw= 4,9 K Atrw=2,7K Atow=1,4K = o
e Q‘F 39 W/m? 7 q= 28 W/’ 'e?'q= 16 w/m’ T q=8 W/m’ O
. _ : _ _
] Atew=3,3K ; Atow=3,0K Atow=2,0K ; Atp=1,3K
& Qq= 19 w/m? Qq= 18 W/m? -@-q= 11 w/m? e;q= 7 w/m?
7 LAV AL 7 7
A B C D
1000 1000 1000

i ’ ]

Figure3-4 Resultingincreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosurS+12 againstambientconditions
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Figure3-5 Isocurve®f specificradiant heat flux in the field of panelEcosur5+12
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P2, 108.77°C

Figure3-6 Thermalimagesof front areaandrear coverof panelEcosurs5+12
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(3.3) ECOSUN S+ 18

Table3-5 Basictechnicalparametersof measuredpanelEcosur5+18

Panel ype, producer ECOSUN S+ 18, FENIX Trading s.r.o.

Nominal electric input 1800 W

Dimensionglength, width, height) 1550 mm, 250 mm, 60 mm

Table3-6 Measurementonditions

Ambient mean adiant temperature | m ¢ ¢ /
Ambient air temperature 19,7 °C
Maximum surface temperature 341 °C
Air temperature above panel 25,9 °C
Air velocity 0,02 m/s
Air relative humidity 293 %
t=058"C
O ts= 341 °C
Atrw= 11,4 K Atew=1,7K Atew=0,7 K
? -@-GF 68 W/m’ ?q: 10 w/m’ @q: 4 wW/m’
o : '
g
Aten= 23,6 K Atrw= 12,9 K Atrw= 4,5 K Atew=1,9K
v 2,5 "e_q;"igdw/m’ “q= 78 W/m? -e?-q= 26 W/m? -@_:F 10 W/m?
g &
= o
] M= 106K  SAnETTK A 62K M= 22K O t=19,7°C
.2 {é}q= 64 W/m? -E?-CF 45 W/m? {?q= 24 W/m? {?EF 13 w/m? e
. : _ : _
=
i Atew=5,5K L Ate= 4,9 K Atew= 3,4 K i Aten= 2,2 K
& s -@-q=32W/m‘ T g= 28 w/m’ -e?-q= 20 W/m?* {é}q= 12 w/m’
g _ _ : :
7 LIS
A B C D

1000 1000 1000

Figure3-7 Resultingincreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosur5+18 againstambientconditions
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Figure3-8 Isocurve®f specificradiant heatflux in the field of panelEcosur5+18




F1, 67.87°C

P2, 114.45°C

Figure3-9 Thermalimagesof front areaandrear coverof panelEcosur5+18
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(3.4) ECOSUN S+ 24

Table3-7 Basictechnicalparametersof measuredpanelEcosurs+24

Panel ype, producer ECOSUN S+ 24, FENIX Trading s.r.o.
Nominal electric input 2400 W
Dimensionglength, width, height) 1550 mm, 250 mm, 60 mm

Table3-8 Measurementonditions

Ambient mean adiant temperature [ My 2 c ¢/
Ambient air temperature 19,4 °C
Maximumsurface temperature 399 °C
Air temperature above panel 26,4 °C
Air velocity 0,06 m/s
Air relative humidity 29,8 %
626,47
O ts= 399 °C
Atew= 158 K Atew=2,3 K A= 1,0 K
T q= 97 wW/m? Tg= 13 w/m® Tg=5 w/m?
: Aten= 31,2 K i Atin= 18,0 K Atrw= 6,0 K é Atew=2,4K
& -Eé}q= 206w/m? 7 g=111w/m -9§-q= 35 w/m? T g= 14 wim
o =3 .
g ¢
Aton= 14,4 K Mew= 10,6 K Atrw=5,8 K Aten=3,0K - °
‘ e IAE eyt 108R et BRK g t.=19,4°C
4o -@-q= 87 W/m? T g= 93 w/m’ -?-tF 34 wim® 7 g= 17 W/m’ g
5 : : _ :
i Aten=7,5K i Aten=6,8K Atew=4,7K Mtep=3,2 K
& “q= 43 W/m “g= 39 W/m T g= 26 W/m “g= 18 W/m
2 s z a z
AT AL 2 7
A B C D
1000 o5 1000 s 1000

+

Figure3-10 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosurs+24 againstambientconditions
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Figure3-11Isocurve®f specificradiant heatflux in the field of panelEcosurs5+24




F1, 74 65°C

P2, 134 03°C]

Figure3-12 Thermalimagesof front areaandrear coverof panelEcosurs+24




(3.5) ECOSUN S+ 30

Table3-9 Basictechnicalparametersof measuredpanelEcosur5+30

(20)

Panel ype, producer

ECOSUN S+ 30, FENIX Trading s.r.o.

Nominal electric input

3000 W

Dimensionglength, width, height)

1550 mm, 350 mm, 60 mm

Table3-10 Measurementonditions

Ambient mean adiant temperature | My 2y ¢/
Ambient air temperature 19,6 °C
Maximum surface temperature 388 °C
Air temperature above panel 25,7 °C
Air velocity 0,04 m/s
Air relative humidity 30,7 %
= 3570
O ts= 388 °C
... ] &Vtrr,r{: 24,1 K, ﬂ?r‘ﬂ=727,ngr B Aten=1,0K
é C9=154w/m’ T g= 17 W/m' Ta= 5 W/m’
: ;
Aten= 38,0 K A= 21,3 K Atew=7,3 K Aty=2,5K
. 2,5._@_%.566.\.&/%..._ 5 s ié'i"ﬁr')hiw?d;m&i"\',i)}'ﬁ;?" ¥ i
[=] [=]
g g
i Atew=17,5K L At= 12,8 K Atrw= 6,8 K Atip= 3,5 K - o
s 15: ST R o L R - Lo L L ’ & t.=19,6 °C
¢ {?-q: 107W/m?* T g= 77 W/m? -E?-q= 40 W/m? {é}q= 21 w/m? ;
=1 : :
g
Aten=8,8 K Atew= 7,8 K Atow=5,5K Atew= 3,6 K
o ! {?}q= 52 W/m? . q= 45 W/m’ -@-q 31 W/m? {i}q= 20 W/m’
=] : ! : :
LS /L
A B C D
1000 1000 1000

o’z
¥,

pl
#

Figure3-13 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosurs+30 againstambientconditions
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Figure3-14 Isocurve®f specificradiant heatflux in the field of panelEcosur5+30
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Figure3-15 Thermalimagesof front areaandrear coverof panelEcosur5+30
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(3.6) ECOSUN S+ 36

Table3-11 Basictechnicalparametersof measuredpanelEcosur5+36

Panel ype, producer ECOSUN S+ 36, FENIX Trading s.r.o.
Nominal electric input 3600 W
Dimensionglength, width, height) 1550 mm, 350 mng0 mm

Table3-12 Measurementonditions

Ambient mean adiant temperature | M pZ H C /
Ambient air temperature 20,7 °C
Maximum surface temperature 420 °C
Air temperature above panel 25,0 °C
Air velocity 0,05m/s
Air relative humidity 30,2 %
t=25,0°C
é//w
Aten= 20,1 K A= 3,4 K Aten=1,8 K
3,5 o ........._........._@_{i;u?wmz i P wied
3 : : :
g
Aten= 45,3 K Atru= 25,2 K A= 8,3K Aten=3,5K
i {?—q= 324W/m? T q=163W/m’ -E?_q=49 W/m? {é}q= 19 W/m?
o . H : ;
g8 g
L Atea=21,2K Mtrw= 15,6 K Atry= 8,4 K Atv=4,6 K i o
4 %q: 134 W/m? Fq=96 W/m? -E?-q= 50 W/m? -@-cp 27 W/m? O
. _ _ : _
Atew= 113K Atew=9,9K Mtou=7,0K At-w=4,9 K
o] 0,5 -@-qz 68 W/m? -@qz 58 W/m’ -@-q:d.l W/m?’ -@_qz 28 W/m?
3 s : a :
7 LIS A AT AT K H LA ALV
A B C D
1000 , 1000 , 1000 .

Figure3-16 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosur5+36 againstambientconditions
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Figure3-17 Isocurve®f specificradiant heatflux in the field of panelEcosur5+36
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Figure3-18 Thermalimagesof front areaandrear coverof panelEcosur5+36
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(3.7) ECOSUN 700 U

Table3-13 Basictechnicalparametersof measuredpanelEcosurvO0U

Panel ype, producer ECOSUN 700 U, FENIX Trading s.r.o.
Nominal electric input 700 W
Dimensionglength, width, height) 1190 mm, 600 mm, 30 mm

Table3-14 Measurementonditions

Ambient mean adiant temperature | My Zp ¢/
Ambient air temperature 18,3 °C
Maximum surface temperature 109 °C
Air temperature above panel 49,6 °C
Air velocity 0,01 m/s

Air relative humidity 42,0 %

O t=19,5°C

ts= 109 °C
5 t:=49,6°C {l; : a
A Ma=53K _ Ma=06K - Atw=02K
3.5 it ) :
g= 31 w/m* Ta=3 wm' Taq=1 wWm
(=]
=
-
| 25 S Bt=BIK Atw=48K 4 M=15K L Atw=05K
I Lo L 4 p= B 7
T Wa=s2wmt Tq=28W/m To=8 Wm' Ta=3 W/m
[=] =
(=] =]
g =
Ny 1 5 @ﬂtr.p: 37K ~ Aten= 2,8 K @ﬂt:.: L4K @ﬂtr_u: 07K C t,= 18,3 °C
i 9= 21 W/m’ g= 16 W/m* T a=8 w/m' =4 wim’
a8
(=]
-
L 05.oM=18K  Mam1EK At=10K Bt 05K
s oY= 10w/m? Ta=8 W/m® Ta=6 Wm' Ta=3 w/m
=] g : ; 3
S ] . . :

1000 1000 1000

Figure3-19 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosurv00U againstambientconditions
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Figure3-20 Isocurve®f specificradiant heatflux in the field of panelEcosurv00U




Figure3-21 Thermalimagesof front areaand rear coverof panelEcosuryO0U
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(3.8) ECOSUN 1000 U

Table3-15 Basictechnicalparametersof measuredpanelEcosurl000U

Panel ype, producer ECOSUN 1000 U, FENIX Trading s.r.o.

Nominal electric input 1000 W

Dimensionglength, width, height) 1190 mm, 850 mm, 30 mm

Table3-16 Measurementonditions

Ambient mean adiant temperature | My Z T C /
Ambient air temperature 18,6 °C
Maximum surface temperature 133° C
Air temperature above panel 54,8 °C
Air velocity 0m/s
Air relative humidity 399%
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Figure3-22 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosurL000U againstambientconditions
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Figure3-23Isocurve®f specificradiant heatflux in the field of panelEcosurl000U




Figure3-24 Thermalimagesof front areaandrear coverof panelEcosurL000U




(3.9) ECOSUN TH 10

Table3-17 Basictechnicalparametersof measuredpanelEcosunrH10

(32)

Panel ype, producer ECOSUN TH 10, FENIX Trading s.r.o.

Nominal electric input 1000 W

Dimensionglength, width, height) 1080 mm, 140 mm, 45 mm

Table3-18 Measurementonditions

Ambient mean adiant temperature | My Zp ¢/
Ambient air temperature 17,9 °C
Maximum surface temperature 360 °C
Air temperature above panel 23,0 °C
Air velocity 0,05 m/s
Air relative humidity 40,1 %
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Figure3-25 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the

field of panelEcosunTH10 againstambientconditions
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Figure3-26 Isocurve®f specificradiant heatflux in the field of panelEcosurmrH10




Figure3-27 Thermalimagesof front areaandrear coverof panelEcosurifH10




(3.10) ECOSUN TH 15
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Table3-19 Basictechnicalparametersof measuredpanelEcosunrH15

Panel ype, producer

ECOSUN TH 15, FENIX Trading s.r.o.

Nominal electric input

1500 W

Dimensionglength, width, height)

1580 mm, 140 mm45 mm

Table3-20 Measurementonditions

Ambient mean adiant temperature [ My Zn ¢/
Ambient air temperature 18,4 °C
Maximum surface temperature 348 °C
Air temperature above panel 25,6 °C
Air velocity 0,02m/s
Air relative humidity 36,3 %
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Figure3-28 Resultingncreaseof meanradiant temperatureand increaseof specificradiant heat flux in the
field of panelEcosunTH15 againstambientconditions
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Figure3-29 Isocurve®f specificradiant heatflux in the field of panelEcosurmH15
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t.=18,4°C




Figure3-30 Thermalimagesof front areaandrear coverof panelEcosunTH15
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(4) Photo documentation

Figured-1 RadiantpanelEcosurhungon the cranein the measuringarea
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Figure4-3 RadiantpanelEcosur5+30 suspendean auxiliarystructureduring stabilizingperiod(rear view)
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Figure4-4 Tripodwith radiantasymmetrysensorand IndoorClimateAnalysedocatedin one point of
measuringmesh(white markson the floor)

Figure4-5 Preparationof a panelbeforeelevatedinto 4 m high, mountingof spirit levelon auxiliary
suspendedtructurecontrolledby web camera
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Figure4-6 Thermalimagingcamerausedfor controlof Ly Surfazétemperature

(5) Conclusion

Thissummaryreport concludegproceduresandresultsof analysiof ten radiantpanels

The target was to descrbe radiant heat transfer from panelsinto the spaceadjacentto front
area. Input data for analysishave provided valuesmeasuredin 15 points of measuringmesh
undertestedpanel.

Resultsin chapter (3) include description of specific radiant heat flux and mean radiant
temperature. The results are expressin figures of calculatedvaluesand figures of isocurves
depicting the increase of radiant heat flux in the measuringmesh. Also approximate surface
temperaturesof panelsandrear coverwere definedby thermalimagingcamera.

Parametersof testedradiantpanelscouldbe usedfor designof suitabletype of radiantpanelasa
heating body.

Thissummaryreportisindivisibleand mustbe usedasa whole.



