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Abstract. The basic benefit of low-temperature radiant
heating systems is thermal comfort. Additional sound insulation
and high inertia factor that provide heating of the surfaces, even
without initial phase of energy consumption, can be regarded as
an advantage. This paper discusses benefits of low temperature
systems installed under the floor or wall surfaces. This study is
aimed to demonstrate the influence of heating system elements on
indoor air parameters especially on internal surface of building
envelope. The model described in this paper offers to optimize
building energy performance with low temperature pipes built in
the construction.
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INTRODUCTION

This paper describes the systems that use water as the heat-
carrier and where the heat exchange within the space is more
than 50% radiant and based on the technique of the heat
exchange between the pipe and the emitting surface.

The majority of heating systems is equipped with
distribution systems operating at high temperatures (90 -
70°C). The main sources of heating used in Latvia are derived
from non-renewable natural resources and wood-pulp or its
derivatives. The wuse of more environment friendly
technologies, which allow minimization of energy
consumption, should play a significant role in Latvia’s future
civil engineering systems; nevertheless, the wider community
is lacking trust and confidence in new technologies and
understanding of the positive aspects of their use. [1]

The installation of low-temperature heating systems is one
of prospective ways to save energy and to reduce emissions.
This kind of systems can be used for both: commercial and
residential buildings. Low temperature heating system can be
installed in a wall or floor construction. This type can be
preferable for building with high percentage of facade
windowing, where the usage of traditional heating system
radiators is inconvenient from the indoor design point of view.
In this case blocks with heating systems installed into vertical
or horizontal elements of the building envelope can be
acceptable.

Low-temperature heating systems insure lower air
temperature and dust level in rooms. In addition, exploitation
of such systems provides lower temperature of heating
surfaces, decreases risk of mould grow and minimizes radiant
heat asymmetry. [2]

HEAT EXCHANGE BETWEEN SURFACE AND SPACE

The actual operation mode of the radiant surface systems
depends on the heat carrier temperature. Surface is able to
emit heat.

Table 1.
Acceptable .
Total heat exchange surface Maximum
coefficient temperature capacity
[WimK] [°C] [Wim?]
Floor occupied zone 10.8 29 99
Floor peripheral area 10.8 35 165
Walls 8 ~40 160
Ceiling 6.5 ~27 42

Total heat exchange coefficient between surface and space for heating,
acceptable surface temperature and capacity at 20°C room temperature.

The relationship between heat flow density and mean
surface temperature, so-called Characteristic Curve (figure 1),
depends on the type of heat emitting surface (floor, wall,
ceiling) and whether the temperature of the surface is higher
than the space temperature. Heat exchange coefficient is the
parameter that affects the amount of heat transfer between the
surface and the space.[3]

Floor heating:

q= 8'92(98,m -0, )1'1

(11)
Wall heating:
Ceiling heating:
q = 6(95,m - el) (13)

9. heat flow density at the surface (W/m2)
0 — temperature of the area indoor air (°C);

0 . .
$m _ temperature of the area indoor air (°C);

The heat exchange coefficient depends on the position of
the surface and the surface temperature in relation to the room
temperature. The heating capacity depends on the heat
exchange coefficient and the temperature difference between
surface and space. Acceptable surface temperature is
determined based on comfort considerations (Table 1).
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Figure 1. - Basic characteristic curve for floor, wall and ceiling heating.

Heat carrier pipes are installed in system plates which
function as the thermal insulation layer. The horizontal (for
floor) heat transfer (from pipe to pipe) is limited by the system
plates. For the improved temperature distribution heat
conducting elements are used. The conducting plates operate
efficiently when there is a good connection between pipes and
conductive devices. The important attribute of the system is to
minimize thermal coupling of the emitting element with the
main building structures such as ceilings or walls.

Heat conduction takes place between the heating pipes and
the surfaces. Heat conduction takes place between the heat
carrier and the heat emitting surface. This is influenced by the
type of pipe (diameter, wall thickness and material), pipe
spacing, water flow (velocity) and resistance of the additional
conducting layer. Heat convection implies transfer of energy
between the air and surface. The temperature or density
difference causes free convection. The heat radiation
represents the energy, which is transferred from one surface to
another through electromagnetic waves in a range of 0.8-
400pm.

Thermal resistance of the convection heat transfer;
construction — indoor, m2K/W

R, = 1 +R, g+ S—U

2 (L4)
Sy - thickness of the layer above pipes, m
Ay thermal conductivity of the screed, W/(m*K)

R . . .
4B _ thermal resistance of heating surface covering,

m2K/W

@ . heat exchange coefficient of the system construction
(Table 1)

Thermal resistance of the convection heat transfer;
construction - outdoor, m2K/W

I:\)U = R/I,iz + R}L,kon + Rl,ap + I:\)a,kon

(1.5)
where

R,. ) . .
A1z _ thermal resistance of the heat insulation, m2K/W

R . .
Akon_ thermal resistance of the construction m2K/W
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4aP _ thermal resistance of outdoor plaster (lime sand
mixture) layer, m2K/W

Ra’k"” - construction surface heat thermal resistance:

floor surface - 0.17, m2K/W

wall surface - 0.13 if there is a neighbor room, 0.04 out
wall, m2K/W

ceiling surfaces - 0.10, m2K/W.

EMBEDDED SURFACE HEATING SYSTEMS

A significant feature of this system is to minimize thermal
coupling of the emitting element (e.g. pipe coil and screed)
with the main building structure (ceiling or wall). A separating
layer of the thermal insulation is placed between the building
structure and the pipe layer to reduce the heat exchange on the
backside.

This type of radiant system is increasingly being used
mostly in Central Europe and Nordic countries, especially in
new buildings (but also in refurbished buildings), because it
does not require more work on the structure and is more
aesthetic.

System types with pipes insulated from the main building
structure are:

in the screed or concrete

outside the screed (e.g. in the thermal insulation layer)

plane section system

in the wood construction.

SYSTEM WITH PIPES EMBEDDED OUTSIDE THE SCREED (E.G. IN
THE THERMAL INSULATION LAYER, "DRY,, SYSTEMS)

When you see or read the term “dry system” in association
with radiant heating, this means that the radiant heat system
was installed beneath a finished floor without concrete or
gypsum material poured over the radiant heat tubing. Dry
systems are usually installed in circumstances where concrete
or flooring materials cannot be poured. Dry radiant systems
can be installed either with the radiant floor tubing above the
floor, which happens when it is placed between two layers of
plywood, or below the floor where it is placed under the
subfloor. The heat carrier pipes are embedded in system
plates, which function as the thermal insulation layer. The
horizontal (for floor and ceiling systems) heat transfer (from
pipe to pipe) is limited by the system plates. For the improved
temperature distribution heat conducting elements are used.
The conducting plates operate efficiently when there is a good
connection between pipes and heat conductive devices.[3]

This type of system uses thin aluminum heat transfer plates
that are stapled up with radiant tubing under the sub-floor. The
plates are highly conductive and provide a large surface area
that will absorb heat more quickly and keep the space warm
much longer.
Using heat transfer plates will disburse heat more evenly
throughout the floor than the other under-floor methods.

Heat transfer plates perform three important functions:

They help to carry heat away from the tubing and distribute
it through the joist space and along the floor. (Heat transfer)

They support the plastic heat exchanger tubing.
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They greatly reduce heat loss in the downward direction
(back loss).

The construction method with heat conducting devices that
most effectively transfers and spreads the heat evenly through
the subfloor with the least resistance produces the best results.

Figure 2 a. floor structure type B1 — floor covering, 2 — weight bearing and
thermal diffusion layer (screed), 3 — polyethylene foil, 4 — heat conducting
plate (device) 5 — pipe coil, 6 — thermal insulation,7 — building structure.

Figure 2 b. Dry floor structure type B 1 — floor covering, 2 — weight bearing
and thermal diffusion layer (screed), 3 — splitting foil layer (vapour barrier), 4
— heat conducting plate (device) 5 — thermal insulation, 6 — pipe coil, 7 —
building structure.

CALCULATION

The heat flux between embedded pipes and the space is
calculated by general equitation method (Single Power
Function according to EN 1264-2) [2] and can be applied in
various types of embedded surface heating systems.

q= B*r[(aimi )*AQH
! (1.6)

The power product links the table parameters of the
structure (surface covering a,, pipe spacing ar, pipe diameter
ap, screed covering ay, a presence of heat contact device ay
and contact a, and the factors expressing the pipe spacing mr
covering thickness my and pipe diameter mp.

Universal single power function for system type B, with
pipes embedded outside the screed:

q=B*a, *aTmT Fay Fay Ta, *Af

H(1.7)
The heat flow density q is proportional to the heating
medium differential temperature Ab,
Where:
&, -6
AO, =L
n& =%
0, -0, (1.8)

& — supply of the heat carrier (°C);

R — output of the heat carrier (°C);
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7z . :
I — the temperature of the area indoor air ( 20 °C);
The heating medium differential tempearture
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Figure 2. The heat flow density is proportional.

The heat flow density g at a surface is determinate by the
following heating system parameters:
- Pipespacing T

- Thickness Su and thermal conductivity AU :/1E of
the layer inward of the pipe

- Thermal conductivity resistance = *'B of covering

- Pipe external diameter O =

(D - dm), if necessary and the thermal conductivity

of the pipe A and/or tile sheeting 2
- Heat conducting devices, characterized by the value

KWL
- Contact between the pipes and the conducting devices

da , including sheeting

or screed characterizes by factor dg

” Dry” systems heat flow density calculation:
q:B*aB.kaTmr *ay Fay *a, *A0, (1.9)

Where A _ surface covering factor:

1 Suo
Ofﬂu
O‘Uzls
5/1

(1.10.)

where B = 6.5 W/(m2K)

@ =10.8 W/(m2K) — (depending on the surface position,

Table 1)
= 1(Sy,. %)

. . o
ar. pipe spacing factor; '

Ao 1 W/(m*K)
A

S
U.0=0.045m

E - thermal conductivity of the screed, W/(m*K)

U _thickness of the layer above pipes, m
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WL _heat conduction device factor;
N Quantity Unit Symbol Value
ay = f(Ky T,D)
Coefficient of the system W/(mzK) B 6.5
Factor dgpending on system , a
Heat conducting devices, characterized by the value: construction Wim*K) 10.80
* * *
K _ SWL A\NL + bU SU /1E Surface covering factor - aB 1.00
wL —
0.125 (1.11) Correction factor for the
contact - aK 0.95
Spacing factor
b, . £(T)
U=
Where (f Sy /A4,» ] ar 1.003
S . : . . a
WL _ thickness of heat conducting device, m Covering factor - v 1.058
Heat conduction device
ﬂw factor - Sy 1.04
L- thermal conductivity of heat conducting device, [ B system coefficient
W/(m*K) b
(fm i U 07
_ Heat conducting device
@k _ correction factor for the contact; Ok = f(l') value KWL 0.72
Thermal conductivity of the ﬂu
a . . screed W/(m*K) 0 1.00
B heating surface covering factor:
Thermal conductivity of the ﬂ'u
screed WI(m*K) 1.20
1
aB = p Thermal conductivity of heat ﬂ'vv
* * T % * * i ; * L
1+B*a, *a, AL RA’B f(T) (1.12) conducting device WI(m*K) 52
pipe spacing factor m m, -1.000
Where f (T) =1+0.44 NT therm_al resistance of surface W |:\)}L 5 0,000
covering , .
(1.13)
R thickness of the layer above S
B _ thermal resistance of surface covering, m2K/W pipes m vo 0.045
T thickness of the layer above S
m; = 1—— pipes m U 0.045
0.075 (1.14) thickness of heat conducting S
device m2K/W WL 0.001
m, =100(0.045-S,,) (1.15) Pipe spacing m T 0.15
250(D —0.020) i 10 sk
my = —U.
D (1.16) Pipe diameter m D 0.016
Equivalent heat transmission
Where coefficient W/(m?K) KH 6.21
T pipe spacing, m Heating medium differential
D ; ; temperature K A6’H 5.00
— pipe external diameter, m. :
Heat flow density at the q
,,Dry” system parameter is determinate: surface (W/m?) 8107

S N
B, VU0 &, Ao values, according with LVS EN 1264

R
~B lE, AW'-, a1 aK,aW'-,bU - table data according
with LVS EN 1264
S, S

WL T, D — selected for the systems parameters

a K .
%g % My B calculated values depending on
systems parameters. Results of calculations are shown in

Table 2. [3]
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It must be mentioned that the system capacity is always
restricted so as not to exceed the hygienic and comfort criteria
for surface temperature listed in relevant standards. Boundary
conditions are 0.05<T<0.045m 0.014<d<0.022
0.01<Su/re<0.18

Heat flow depending on the heat conductive device, surface
covering and pipe spacing.
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Floor, type B, aluminum heat conductive device
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Figure 3.a Heat Exchange for floor systems with aluminium heat
conductive device.

q, W/m?

Floor heating, steel heat conductive device

160.00 /
140.00 /
100.00 /

80.00 /
60.00 /
40.00 /

20.00

0.00 T T T T T
5 10 15 20 25 30
Medium differential temperature, A€ H

‘ — T=150; R=0 e T=150; R=0,1, T=300; R=0 T=300; R=0.1 — Limit curve

Figure 3.b Heat Exchange for floor systems with steel heat conductive
device.

CONCLUSIONS

The calculations of heat flow density allow finding optimal
rate for heating system choice, when it is rational and
economically efficient. The heat flow density is proportional
to AGH - the medium differential temperature of the heat
carrier (°C) K.

The following calculated values mostly influence the
efficiency of the system. Thickness of the layer above pipes

enhance form surface covering factoraU , which properly
influence the thermal conductivity of the screed.

Choice of the thickness and thermal conductivity of heat
conducting device forms value of the heat conducting device.
Systems with pipes embedded in the building structure, which
are operated at heat carrier temperatures very close to room
temperature, take advantage of the thermal storage capacity of
the building structure.
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Jelena Psenicnaja, Baiba Gaujéna. Darba parametru analize starojuma apkures sistémam

Zemas temperatliras apkures sist€ému izmantoSanas pamata prieksrocibas ir siltuma komforts un papildus skanas izolacija, ka arT svarigs ir inerces faktors, tas
nodrosina virsmu apsildi bez tieSa energijas patérina. Tiek demonstréta dotas apkures sistémas elementu ietekme uz iek$gja gaisa kvalitati un uz telpu iek$gjo
virsmu temperatiru, atkariba no izvélétas konstrukcijas. Dotais modelis piedava optimizét €kas energoefektivitati, pielietojot ieblivétas zemas temperatiiras
apkures sist€mas. Ka sist€mas energoefektivitates pozitivie momenti var bt tas, ka sist€éma var bt pielietota ar atjaunojamiem energoresursiem ka siltuma avots,
pieméram, siltumsiiknu sisteéma efektivi darbotos ar doto apkures sistému, jo siltumnesgja piesilde dotaja gadijuma ir minimala, salidzinajuma ar tradicionalo
radiatoru apkures sisttmu. V&l viena sist€émas prieksrociba ir, ka sistéma lietderigi strada pargjas gada laikos, kad ar&ja gaisa temperatiiras svarstibas ir
ievérojamas 1sa laika perioda un apkures sist€émas darbiba uz pilno jaudu nav lietderiga.
Darbs ieklauj sevi sekojosus posmus:

- &kas sienu un parsegumu elementos iebiivetu sisteému teoretiskais aprekins;

- siltuma plismas blivuma grafisks att€lojums atkariba no temperatiiras rezima izvéles; siltuma vadamibas koeficienta grafisks att€lojums atkariba no
iebliveto sistému materialu tipa konstrukcijas un slanu biezuma.
Pétfjumu rezultata ir pieradits, ka ir sisttmam, kuram caurules ir iestradatas buvkonstrukcijas un siltumnesgja temperatiira ir tuvu istabas temperatirai, ir
paaugstinata siltumakumul&josa spgja.
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Enena IImenuynas, baiioa I'ayiiena. Anaan3 pado4nux XapaKTepUCTHK CHCTeM JyYHCTOr0 OTOIJIEHHS
OCHOBHBIE IPEUMYIIECTBA UCIIONB30BaHMS HU3KOTEMIICPATYPHBIX CHCTEM JIyYHCTOrO THIIA — TEIUIOBOI KOMGOPT U JOMOIHUTEIbHAS 3BYKOBAst H30JIIHS, TAKKe
Ba)keH (PaKTOp MHEPIMH, KOTOPHIH obecrednBaeT 00OrpeB IOBEPXHOCTEH Jaxke Oe3 MpsIMOro HHepromoTpedieHus. J[eMOHCTpHpYyeTCsl BIMSHHE JJIEMEHTOB
CHCTEM OTOIUIEHMS Ha KayecTBO BO3/yXa BHYTPH HOMEIIEHHH, a TakKe Ha TEeMIIepaTypy BHYTPEHHMX IOBEPXHOCTEH IOMeELIEHMH, B 3aBUCUMOCTU OT HX
KOHCTpyKIM. JlaHHas MopeNnb mpe/ularaeT ONTHMHU3HPOBATh JHEprod(hPeKTUBHOCTb 3[aHUS, HCIONB3YS HU3KOTEMIEPATypHBIC CHCTEMBI OTOIUICHUS
BCTPOCHHBIC B KOHCTPYKIMIO 3JaHHs. Kak IIOIOKHTENbHBIH MOMEHT HHErpod((eKTHBHOCTH YHNOMUHAETCS CIISAyIOIlee: CHCTeMa MOXeT padoTaTh ¢
BO300HOBIIIEMBIMU SHEPropecypcaMy, HalpUMep BbIOOP Takoil cucteMbl 3((eKTHBEH B KOMOMHALMM C CHCTEMOH TEIUIOBBIX HACOCOB, TAK KAK IOAOTPEB
TEIUIOHOCHUTEISI MUHUMAJICH B CPaBHEHHHU C TPaJAULHOHHBIME PaJHaTOPHBIMU cucTeMaMH. EImé oMHO TOCTOMHCTBO CHCTEMEI, — () ()EKTHBHOE HCIOIb30BaHNUE B
MIEPHOABI CMEHBI OTOIMTEIBHBIX CE30HOB, KOIJ]a M3MEHEHHs Hapy)XKHOH TeMIIepaTyphl BO3AyXa 3HAUUTENIbHBIC, H HET HEOOXOJUMOCTH PabOTHI TpaAHIOHHOH
CHCTEMbI OTOILICHHUS Ha HOJIHYIO MOIIHOCTb. Pabora BKiItouaer B ce0s ClIeyOIHe STambl:

- TEOPETUYECKUI PacuéT BCTPOEHHBIX CUCTEM OTOILUIEHHUS B JJIEMEHTBI CTEH U NEPEKPBITHIA 31aHUs;

- JIeMOHCTpaLsl rpadUUecKHX 3aBUCHMOCTH INIOTHOCTH TEIIOBOTO IIOTOKA OT TEMIIEPaTypHBIX PEXKUMOB, TAKXKe 3aBUCHMOCTh KodddumnueHra
TEIIONPOBOAHOCTH OT BbIOOpA TUIIA MATEPUAJIOB U Pa3MEPOB KOHCTPYKLUU CO BCTPOSHHOM CUCTEMOI! OTOIIeHuS!.
B pesynbrate HcclieoBaHHS MOKA3aHO, YTO HU3KOTEMIIEPAaTypHBIE CHCTEMBI OTOILUICHHS CO BCTPOCHHBIMH B CTPOUTENbHBIC KOHCTPYKIMH TPyOaMH HMEIOT
MOBBIIECHHYIO TEIUIOAKKYMYIHPYIOIIYIO CIIOCOOHOCTb.
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