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Abstract

Comparal with convective systens radiant systems explore the advantae of influendng the
mean radiant temperature for maintaning similar thermal conditions at lower room air tempeagture in
heding mode and higher roomair temperaure in cooling mode In somemarufactures catlogues, the
diff erenceof the meanradiant temperature ketween radantandconwvective systemsis claimed to be as
high as2-3 °C. The difference betweenradiant system with ceiling instdled pannds combined with
mixing air distribution and convective system of chilled beans was studied with regard to the mean
radian temperature and radianttemperature asymmetry in a mock-up office at differentinternd load
in both heaing andcooling modes

The operative temgerature and the radiant tempeature asymmery were measured at four
locaions andthree heightsin the occupied zore. The radiant temperature asymmery was measured
in three directions: vertical diredion between floor and celling, and two horizontd directions
respectively parallel to walls.

The difference in opertive temperaure measured at 1.1 m height measured with the two
systems uncer the same conditons and at same locations was indgnificant (about 0.15 °C). The
operative tempeaature was more or less uniform over the ocaupied zone and there was not any
significant differerce in the opeative temperature measured with the two systems. The radiant
asymmety was lower than 5.5 °C in all measured cases. The difference in the radiant tempemture
asymmety measued with the chilled bean system and the radiant panel system was also smell.
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1 Introduction

Presenstandards (EN ISO 7730) specify requrements with regard to general thermalcomfort,
operative temperature, vertical tempeature gradient, radart temperatue asymmery and draught
discomfort for achieving thermally confortale environmentin occupiedzone of rooms. According to
Babiak et a. (2007)comparedo the conwective cooling system the radiant pand cooling system can
achieve the same level of operaive temperature at a higher room air tempeature In same
mandadures caaogues, the differerce of the mean radiant temperdure between radiant and
convedive systens is claimed to be as high as 2-3 °C. The reported difference in the mean radiant
tempeatureis based in measuementsn empy roomwith maximum heating demand.

Howewer in modernoffices, the situation is differentwhenthe heatingand cooling demandsare
moderateand the surface temperature of the radiant panel is close to the room air tempeature In
coding applications the radiant panel tempeature can not decreasedbelow 16-18°C becauseof the
condensation risk. For heating, the surface temperaure of about 30 °C is high enoudn to cover the
maximum heating demand.

The difference between radiant and conwective systems with regard to the mean radiant
tempeaature andradiant tempeaature asynmetry was studied in a mock-upoffice at different internd
loadin both heating and capling modes. Theresults are presented in this pgper.
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2 Methods

Experimerts were conducted in a mock up of anoffice roomwith dimensons 4.6 m x 2.8 m x
2.65m (L x W x H). A chilled beamsystem ( 2300 (L) x 300 (W)) and a radant parel system ( 2 x
3000 (L) x 600 (W)) wereinstalled andstudied A radial air supply diffuse wasinstaled betveen the
radiart panels In Fig.1, there is shown testarrangement in the simulated office.
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Figure 1. Set-upof thetwo systemsstudied

The performanceof the systens was evaluaed under winter and sumner condiions in both
maximum heating/cooling conditions and typical mid-season conditions in an office. The heat load
usedin the measuremats comprised a PC (120 W), lighting (116 W) and a heated dunmy (72 W)
simulaing an occupant. In the maximum cooling condition, heat gain from direct sola radiation was
simulated by heating 3.0 m2 area of the floor closto the window by electricdly heated foil (120W).
The heat load from the window was 215 W (maximum cooling cas€) ard 143 W (modeate cooling
ca®) (surface temperatures of 32 °C and 30 °C). In the winter conditions, ad ustable temperature of
the simulated window was introduced. The window surface temperatre was —15.2°C in the cases
withoutintemal heat gains (heat loss208 W). The transmisson loss of the structure was 90 W. When
the internd heatgainswhere introduced the window surface temperature was deaeased to 13.3 °C
(hed loss 276 W). With the heet gains, the tramission losswas199W. In Fig.2, thereis presened the
locétions of hea soures the simulated window, radiart pannes, the suppy valve, the chilled beams
andtheexhauwst valve areindicatedin Fig. 1 andFig. 2.

The operdive tempeature and the radiant temperature asymmetry were measuredat four
locaions in the occupied zone of the room The operative temperature was measured at 0.1, 0.6 and
1.1 m abo\w the floor. The radiant asymmery was meadured in three diredions: vertical diredion
between floor andceiling, and two horizontl diredions repectively paallel to walls. Thelocationsof
measuremeants senors are presentel in Fig. 3.

The opeative temperaure was measuradl by Thermd Comfort Meter. The opeative
tempeature measurement rangeis 5+ 40°C and thaccuracy of operative messurenmentis +0.3°C .
Theradiant temperatire asymmetry wasmeasured by radiant asymmetly sensr with measurment
accuracy+2° C(intherange 0+ 30° C). The wafdow rate wasmeasued with Krohne
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Eleadromagnetic Flowmete IFC010 with accuracy lessthan + 1% of thereadings The airflow rate
was mesured with differentid presuretransnitter Fumes Controls FCO33with accuragy lessthan
*+ 0.5% of thereadings. The air flow rate wasmeasured with a measuranentunit (MSD-100).

The experiments were conduded at winter and summe condtions In the sunmer case the
roomair temperature was kept & 26°C in the ref@ncepoint at the height level 1.3 m above thefloor.
In the winter case, the room air temperature measuredwas kept at 21 °C. When supply air flow rate
was introducd, it was in both radiant panel and adtive chilled beam cases 25 L/s (2.0 L/s per m?).
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Figure 2. Locations of the heat sources, window and exhaust air diffuser in the room.
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Figure 3. Measurement locations and heights in the room.
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Theexperimental condtionsduring theexperimerts are listed in Talde 1. The cooling capacity
was varied beween 35 W/mz,ﬂoor - 50 W/mz,ﬂoor. In the cooling mode a reference case with radiant
codling pands but without supply of ventilation air was measured In heating mode, the heating
capecity was varied between 17- 24 W/mz,ﬂoor. With radant panel system, for the cae with the
maximum heaing capaity (24 W/m’ o) Measuremats withou supply of ventiation air were
performed aswell.

Table 1: Measured cases and experimental conditions (RP= radiant panel, CB=chilled beam and
WSA= without supply air).

Case Water o Water Tg;nsﬁﬁ;re HeatS pif Ierc:)ﬁle
Tempesture in/out, °C | Flow rate kg/s ar. °C ganp
Maximum internal load
Note: 265W
RP 29 W/m*WSA Cooling: 14/18 0.022 - (24 W/m2)
tranamissionloss
throudh thewalls
RP 50 W/m* Cooling: 14/18 0.022 17 Maximuminterrel load
RP 35 W/m* Cooling: 14/18 0.011 17 Part load
RP24W/m“WSA | Heating: 33.5/28.5 0.014 - No internd load
RP 24 W/m* Heating: 33.5/28.5 0.014 21 No internd load
RP 17 W/m* Heating: 33.5/28.5 0.010 21 Maximuminterral load
CB 50 W/m* Cooling: 16.8/20.9 0.022 17 Maximuminterral load
CB 35W/m’ Coding: 214/ 234 0.022 17 Part load
CB 24 W/m* Heating: 33.0/28.1 0.014 21 No internd load
CB 17 W/m’ Heating: 29.6/26.1 0.014 21 Maximuminterral load
3 Results

In Fig 4, the diff erence between the air tempeature and operative tempemture measured at the
1.1 m atthe locationsA, B, C and D (Fig. 3) in the occupied zore in the cooling modecase is shown.
In the comparison of the operdive and room air temperaures, the refererce room air temperatue is
calaulated from the closest air temperaure sensors from the relevant opeaative temperature
measuremant point. The useal referenceroom air tempeaturescdculation are marked with red circles
aroundthe opeaative sensors in Fig. 3. With the radiant panel system (RP), the room air temperature
was in awerage 0.3 °C higher than opeative tempetare in the cage of maximum cooling load
condition (50 W/m?). Close to the dummy (at paint C), the room air temperature was 0.35° C higher
thanthe operative tempeature With lower heat gains (35 W/m?), theroomair temperature was at the
measured pointswas either higher or lower than the operative temperature. On an average, theroom
tempeaature was0.13 ° C lower thanthe roomair tenperaure. The difference increased (upto 0.7 °C )
in the case with radiant pands when ventilation air was not supplied. With the chilled beam system
(CB), the room air temperature was in average 0.15 °C lower than the operative tempeaature in the
cag with maximum coding load (50 W/m?). Close to the dummy, there was not any difference and
the room air tempeature was the same as the operative temperature. With lower cooling load (35
W/m?), there was on average 0.2 © C differerce between he room air and opeative temperatures.
Thus, the radiant panelgawe on average 0.15 °© C lowr opaative temperature than the chilled beam
systems. Close to the dummy, there was higher difference: radant pand system gave 0.35° C lower
operative temperature than the chilled beam system.

In Fig. 5, the differene between room air temperature and operdive tempeature in heating
modeis shown With the radiant pand system combined with mixing air distribution, the room air
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tempeature wason average higher 0.16 °© C than opettive temperaturein the maximumhea demand
condition (17 W/m?). With the chilled beam system, in the maximum heat condtion, the difference
was about the samelevel (0.1 © C). Regecively, wih lower heat demard case (17 W/m?), the
diff erencewas0.06 © C with the radiant panelsysten and0.25°C with the chilled beam system.The
tempeature difference in the case with radiarnt pandsincreased (upto 0.4 ° C) when the ventilation &
was nat useal (CaseRP 24 W/m? WSA).

Both in heding and cooling mode when the supply air flow ratewasintroduced with the radiant
parel system, the difference between the roomair and operative temperaturesreduced This indicaes
thatthe jet and convection loadsmixed the room space and influerced on the surface temperature of
thewalls.

1

0,8

0,6 EA EB mC HD
0,4 -
0,2 -

0 ]
RP29W/m2  RB50W/m2  RP
-0,2 WSA

W/m2 CB 50 W/m2 CB 35 W/m2

Temperature difference ?C

-0,4

-0,6

Figure 4. Difference between room air temperature and oper ative temperature measured at A, B, C, D
at 1.1 mlevel above the floor in cooling mode cases. (WSA=without supply air)
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Figure 5. Difference between room air temperature and operative temperature measured at locations
A, B, C, D at 1.1 mlevel above the floor in heating mode cases (WSA=without supply air).
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Radiant tempeature asymmety was measured in three directions: betwveen floor and ceiling,
anddiredion respectively paallel to walls 1 and 2 and walls 3 and4 (Fig. 2). In Figs. 6 and 7 radiant
tempeature agymmetry between floor and ceiling and betweenwall 1 (with heded window) andwall
2 is shown in the heating and cooling conditions respetively. In the cooling mode, the radiant
symmetry betwveen floor and ceiling was below 5.5 °C in all measural cases (Fig. 6). The radiant
tempeature difference was less than 2 °C for all measued locations except location C which most
probably was influerced by the heated dummy. Between the floor and the ceiling the radiant
tempeature asymmety wasbeow 2.5 °C (Fig. 6). In heating modg the radiantasymmetrywas below
3°Cinall studied cases (Fig. 7).
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Figure 6. Radiant temperature asymmetry measured in the cooling mode cases (Table 1). Upper
figure: asymmetry between wall 1 and wall 2; Lower figure: asymmetry between floor and ceiling
(WSA=without supply air).
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Figure 7. Radiant temperature asymmetry measured in the heating mode cases (Table 1). Upper
figure: asymmetry between wall 1 and wall 2; Lower figure: asymmetry between floor and ceiling
(WSA=without supply air).

4 Discussion

The results of the presentstudy do not validate the repated in the literature advantage of radiant
coding systems in providing opeative temperature 2-3 °C lower thanair temperature in compaison
with mixing air distribution systems. The results of this study showed tha the diff erence betveenthe
operative temperaure ard the air tempeature was much lower. In the cooling mode the maximum
diff erence for the radiant pand system conbined with mixing air distribuion was 0.35 °C and an
averagge difference was only 0.2 °C. Realts showed also small difference between room air
tempeature and opaative temperature with the chilled beam system. Thus, there was no significant
diff erenceon the operative temperatureswith the radiant parel and chilled beam system.

The stated in some manufacturescataloguesrelatively large differernce of 2-3 between operative
tempeature and air temperature in rooms with radiant cooling/hegting pands has been obtained
withoutpresrce of heatsouraesand aiflow introduced by mechancal ventilation. In ocaipied spaces
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thermd plumes and the ventlation flow influence substantilty the air distribution and promote air
mixing which hasan impad on the meanradiant temperature and thuson the operative tempeature.
The present resuts showthat air mixing is also achievedin rooms withoutmedanica ventilation due
to the thermal plumes gererated by hea sour@s. In the room with radiant pands and without heat
sources and flow geneated by mechanical vertilation the difference between the room air and
operative temperatureis higher. This however is not the case in occupied spaces.

In the measurements of the preent study were performed with the highest hea load of 50
W/m%ioor. IN case of higher hea load (7090 W/mzﬂoor) for radiant cooling systems, the differerce
between the operative tempeaature andthe air tempeature may be higher. The office layout wil | affect
the air distribution andthus may have effect on the performance of the radiant cooling systemsand in
general on occupantstherma comfort. In openlayout concepts, the results could be different.

5 Conclusions

The average difference in operaive tempeture measured with the radiant pané and chilled
beam systems under the sameconditonsandthe samelocaion in the occupied zonewere small (less
than 0.35 °C). The opeative temperature was more or less uniform over the occupied zone The
diff erence betweenthe operative temperature and the air temperature in the case of radiant coding
parels conmbined with mixing ventilation was nat much different thanin the caseof chilled beams.
The radiant temperature asymmetry was lower than 5.5 °C in all measured cases That fulfils the
demandf present
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