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Abstrakt

Hlavnim cilem prace je popsat teplotni a rychlogboie nad deskovym otopnym
telesem opatnym kryci mizkou nestandardnich otubro riznych piirezech, a nasledné
ovlivneni proudni v celém prostoru. Experimentélhyl stanoven vliv pitochého priezu a
tvaru otvoti horni kryci miizky na tepelny vykon deskovych otopnyldst DalSi experiment
se vnoval popisu rychlostniho pole nad otopny#tesem, za pouZiti integralni laserové
anemometrie (PIV). Vysledky erani jsou pedkladany graficky jako pokles vykonu
v zavislosti na parametrech krycrizky a ve formivektot: rychlosti nad otopnynelesem ve
dvou navzajem kolmych rovinach. Na zakladperimentalé ziskanych dat bude verifikovan
model a za pouziti gtacové mechaniky tekutin (CFD) bude simulovano tepktrychlostni
pole jak naé¢lese tak v prostoru.

Kli¢ova slova: volna konvekce, otopnédso, kryci nitizka

Abstract

The main aim of the research work is to describaperature and velocity fields
above the panel radiator fitted with non-standand design) covering grids with various flow
cross-section and the subsequent effect at ariaair throughout the room. The effect of flow
cross-section and shape of openings of panel radiatovering grids at their heat output was
determined experimentally. The other experimenlt dath description of velocity field above
the covering grid, using the method of particle gmavelocimetry (PIV). The results are
presented in a graphic form as a heat output desgedepending on parameters of the
covering grid and in the form of velocity vectotaged in two orthogonal planes. Based on
experimentally obtained data, the mathematical rhadlebe verified. Then a computer fluid
dynamics (CFD) will be used to simulate both terapee and velocity fields above the panel
radiator and in the room.

Keywords: free convection, panel radiator, coveriggd

1. Introduction

The main goal of the heating surface is to managacaeptable thermal comfort in the room.
Other effect when it is designed correctly is ceuatting cold convective plums rising on the
windows surface. Currently the most widely usedtingasurfaces are panel radiators. These
are radiators with dominant convective part of tieiat output. Colder air flows from below

into the space between the plates of panel raddtere it is heated and flows out through the
covering grid into the heated room. The covering @@as two functions, safety and design.
The second function is the reason that some tergetw make non-standard covering grids



are rising. But the construction of the coveringlds essential to final air flow above the

panel radiator or in the room. In my research wosant to describe temperature and velocity
fields above the panel radiator fitted with nomasiard (or design) covering grids with various
flow cross-sections and the subsequent effect atiraflow throughout the room. Based on

experimentally obtained data | will simulate bo#mperature and velocity fields above the
panel radiator and in the room using a computéd fiynamics (CFD).

2. Thermal comfort and indoor climate

The most important parameters of the air in thetdteaoom are air temperature, surface
temperature of the surrounding walls and veloaity direction of the air flow. By convective
heating the indoor air is heated first and then vtadls surrounding the room are heated
(opposite is radiant heating). The velocity and direction of the air are mainly affected by
the size and location of heating surfaces (partBatars in our case) and cold surfaces (most
often windows). An ambient air from the room floftsm below into the space between the
plates of panel radiator where it is heated andidlout through the covering grid into the
heated room (warm convective plum). There it interavith cold falling convective plums
rising on the window. These plums are mixing toge@nd such mixed plum is spread to the
heated space. The ratio of warm and cold plumsserdial for the overall flow field in the
indoor space. This process is shown on fig.1.

Fig. 1 Mixing of warm and cold convective streams.

In 2006 published prof. BaSta [L2] simulations fesufocusing on the correct positioning of
the panel radiator in the heated space. He prdvaidtlhe most appropriate position of panel
radiator is by the exterior wall, under the wind(see fig. 2). To sufficient counteracting the
cold convective plums is necessary to design tmelpadiator with the same length as the
length of the window.
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Fig 2 Velocity vectors, vertical plane in the middleloé toom
Wiin = 0,041.16m/s, Wa, = 0,54 m/dL2]

In 2008 published Myhren and Holmberg [L3] simwatiresults of flow patterns in the
heated space. They used a model of the room 4 X3 4rxand 4 cases of heating surfaces
(floor heating, wall heating, panel radiator — higgmperature, panel radiator — medium
temperature). The results are shown on fig. 3. Ftbenfigure is evident that only panel
radiators placed under the window can turn the ¢allchg plums rising on window surface
sufficiently.
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Fig. 3 Simulated air speed, vertical plane, middle ofribem [L3]

These conclusions were considered in my researck. ws a heating surface | chose panel
radiator placed under the window, the length ofgheel radiator was the same as the length
of the window.



3. Present research

3.1 Effect of flow cross section of panel radiatotovering grids at their heat output

The measuring was realized in industrial labora®rilepartment of environmental
engineering in the building of the Faculty of Menltal Engineering CTU in Prague. It was
measured panel radiator “Korado Radik Klasik” tyg#s 21, 22 and 33. All radiators were
connected single-sided top. Reducing the flow-cs®Egion was achieved by covering grid
made of plywood with a thickness of 5 mm and ler@ft®75 mm. The depth (width) of the
grids depended on the depth (width) of the pardiatar. The flow-cross section was reduced
by moving the stack of two grids.
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Fig. 4 Mobile heating source
ST — storage tank 60 |, OET - open expansion tankultrasonic flow meter, PR — panel radiator,
C1, C2 —circulation pumps, E1-E4 — electrics imgatods, S1-S3 — STAD valves, V — ball valve

First, the whole system was pre-heated to 70 °C thed vented. Subsequently, it was
determined nominal heat output of the panel radiatbom the formula

Q=VIpLe,, M, ~t,) [W]. (3.1)

It is the heat output of the panel radiator withautovering grid for nominal temperature
conditions (t1/twz = 75/65 °C). Other measured values were relatethivo nominal heat
output. Then was the panel radiator fitted with tdowering grid. By moving the grid was
achieved the specific value of flow-cross sectiém.a constant flow and constant inlet
temperatureh, the change in heat output is reflected by changestlet temperaturg. So
established heat output was converted at nomimapéeature conditions 75/65/20 °C and
compared with the nominal heat output (without cowg grid) for each type of panel
radiator.

Results:

The results are expressed as a relative decreatdabfheat output of the panel radiator
AQnN [%] depending on the relative flow cross sectiothef covering grics/S[-].

AQ, :MELOO:1—8—CELOO [%)]. (3.2)

N N



Qn is the nominal heat output (without covering grify) is the flow cross section between
plates of panel radiator (without covering grid)edéured and calculated values are fitted by
the polynomial 5th order; the polynomial coeffidie@are determined using least squares.
Figure 5 shows a decrease the heat output depemdintdpe relative flow cross section
covering grid for all measured panel radiators. Témults confirm the presumption that the
rate of heat output decrease is direct proportitmalhe share of convective part heat output

for each panel radiator.
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Fig. 5 Decrease the heat output depending on the reléltivecross section covering grid

Table 1 shows values of output decrease for selechkies of relative flow-cross section of
the covering grid. In design practice can be drdmem these results, especially at design
grids with small flow-cross section.

Table 1Selected values of heat output decrease

Type of panel S/S [-]

radiator 0.7 05 0.3 0
20 — 600 x 1000 1% 2% 3,7 % 21 %
21 - 600 x 1000 2% 3,5% 7% 33%
22 — 600 x 1000 3% 6 % 10 % 51 %
33 -600 x 1000 4 % 7% 14 % 64 %




3.2 Flow field upon a panel radiator

This experiment dealt with description of velodigid above the panel radiator, using
the method of particle image velocimetry (PIV)was measured panel radiator type 22; the
measuring place was the same as in a previous Taseanel radiator was fitted by covering
grids with various shapes of openings (two “rouhdpes” — star and circle; two “oblong
shapes” — rectangle and crescent), the overall-fimss sectiors/S, of all grids was 25 %.
The grids with various shapes of openings are shmwthe figure 6.
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Fig. 6 Covering grids

After heating the measuring system a marker (saf@s)blown under a panel radiator and the
CCD camera took photos of the convective plum gishom the radiator. The photos were
taken in two orthogonal planes (frontal and latesigw on the radiator); two areas were
measured in each plane. Description of planes seabaf measurement is shown in Figure 7.
The measured data were evaluated in software Flomge (DANTEC). The process of
measurement is shown on fig. 8.
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Fig. 7 Measured areas



Fig. 8 Measuring place, process of measurement

The results of the experiment are presented asoaityevectors field above a panel radiator
in measured areas. Figure 9 shows velocity vedigdsfor all grids in area 1 — vertical plane
parallel to the back wall. It is evident, that ¥elocity profile evens fastest by using a grid
with the rectangular openings. This is due to tbever distance between openings
(approximately half) than in the other grids. Tkiads to more intensive mixing of individual
plums at lower altitude above covering grid (apprately 22 mm). For other grids (star,
circle, crescent) we can see the same mixing @tigdts from 45 to 50 mm. At an altitude
about 105 mm, one mixed convective plum rises wkilkk occurring an increase in flow

velocity up to 336 mm, where this trend is reveraed the velocity begins to decrease.
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Fig. 9 Velocity vectors - area 1, all grids




Figure 10 shows velocity vectors field for all skapin area 3 — vertical plane
perpendicular to the back wall. It can be seert,tttemain convection plum “draws” ambient
air from the heated room, but also in space betwleempanel radiator and back wall. Due to
this we can see that the peak of velocity profderioving toward the back wall with the
increasing altitude.

For grid with rectangular shape of openings we saa the highest maximum velocity,
Vmax = 0,96 m/s at an altitude of 22,4 mm above thespeadiator. On the other side for this
grid the most rapid decrease in velocity with iasiaeg altitude was measured. Another
important effect is more intensive intake of ambiam for grids with “round shapes” of
openings (star, circle), then for the grids witlbfamg shapes” (rectangular, crescent). In areas
2 and 4 (at altitudes more than 110 mm, see fig) e velocity profile is fully mixed
(developed).
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Fig. 10 Velocity vectors - area 3, all grids

Other presentable results are the velocity profiessarious grids in various altitudes above
the panel radiator. For illustration, the profiles altitude 22,4 mm, in area 3 (maximum
stream velocity for all grids) are presented omrfeggll. From this picture is more evident the
intake of ambient air both from heated space aanh fthe space between the panel radiator
and back wall. In table 2 are presented the vabiesmiaximum velocity for all shapes in
selected altitudes.
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Fig. 11 Velocity profiles, area 3, all grids

Table 2Values of maximum velocity for all shapes

Vmax [M/S] Altitude above the panel radiator [mm]
14,9 22,4 44,8 104,5 261,2 335,9
star 0,73 0,85 0,66 0,48 0,69 0,72
circle 0,80 0,91 0,78 0,50 0,70 0,72
rectangular 0,79 0,96 0,69 0,51 0,67 0,72
crescent 0,94 0,95 0,53 0,54 0,71 0,74

5. Conclusions

Presented experiments described the behavior ofectime plums rising from the
panel radiator fitted with non-standard coveringlgirBased on the experiment, a decrease of
panel radiators heat output, depending on theivelfibw cross section of the covering grid
was determined. It was also described the flondfabove the panel radiator. Subsequently
the computer fluid dynamics (CFD) will be used. docordance with studies mentioned
previously, it will be used the model of the roonthadimensions 4 x 4 x 3 m. Then will be
simulated temperature and velocity fields aboveepaadiator fitted with grids used in the
previous experiments. The calculations will be perfed for two temperature conditions
(75/65 °C and 50/40 °C) and for two values of istgnof ventilation (0,1 and 0,5 1/h). Based
on these results, the optimal design of coveringl gvill be presented. The greatest
importance will be placed for optimal air flow inheated room and for optimal mixing of
warm and cold convective plums.

This research has been supported by SGS grant 2240



Symbols

C Specific heat capacity [J/kg- K]
t Temperature [°C]
w  Velocity [m/s]
Q Heat output [W]
S  Cross-section [m?]
V  Volume flow rate [m3/h]
o  Density [kg/m?]
Index

min. minimal

max. maximal

wl supply water

w2 return water

i individual

0,c overall

N nominal
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