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ABSTRACT
The current work presents features of an airunderfloor heating system and CFD model to predict
velocity and temperature distribution. The paper
describes the constructions of air-underfloor heat
exchangers.
Computational
fluid
dynamics
professional software-ANSYS/FLOTRAN was used
to simulate of turbulent airflow and radiation heat
transfer in ventilated room with air-underfloor
heating installation. The numerical simulation of
many cases was performed to study the comfort
criteria in the tested room.

INTRODUCTION
In the future air-underfloor heating will become
more and more important due to the use of highly
modern heating technique. This system combines
advantages and excludes faults of both fittings: warm
air and radiant floor heating. In this system warm air
from a gas/oil/electricity furnace or heating
exchanger flows through underfloor ventilating ducts
and is blown in to the room. The high radiation of the
floor as a heating surface with low temperatures
forms the virtually ideal temperature profile
guarantees a healthy and comfortable climate. On the
other hand warm air (blown into the room) allows to
quick and accurate temperature control in the room.
Floor heating is the best innovation in the history of
heating systems. This kind of central heating was
first used in 1200 BC in Anatolia. The Greeks and
Romans heated their baths by directing hot air from
the furnace through a plenum under a floor. Already
a few centuries BC the Chinese and Koreans used a
radiant floor. Nowadays underfloor hydronic systems
applications based on plastic pipes of the PEX-type
have increased significantly, particular in residential
buildings. The main disadvantage of underfloor
heating system is a high thermal capacity and large
time lag. This feature can be a reason of an
ineffective temperature control in the room. In order
to avoid of large time lag we must unite underfloor
heating with warm air heating. This kind of united
system was introduced by RESARO AB
(http://www.resaro.se/). The special construction of
RESARO engineered floors (see Figure 1) is used for

the distribution of circulating air and for the
ventilation supply air.

THE AIR HEAT EXCHANGER
CONSTRUCTION
The author proposes different construction of the
air heat exchanger, which can be installed on typical
concrete sub-floor. Two types of heat exchangers
were presented. Figure 2 shows the first one, which
consists of following layers:
Polystyrene (PS20SE) insulating board with
cylinder grid and covered with a foil as a
protection against the moisture.
Aluminum heat spread plate.
Concrete screed.
Finishing floor.
The second type of air heat exchanger is shown in
Figure 3. It is consists of the following layers:
Polystyrene (PS20SE) insulating board.
Plastic air heat exchanger.
Bio-coverstone or concrete screed.
Finishing floor.
The walls of cylinders in plastic air heat exchanger
can be used to encapsulate PCM. In these conditions
the installation be worked as the heat storage system.
The thermal parameters of proposed units are carried
out and reported by Zukowski (2003).
The two ventilation slots arrangements were
investigated. In the first one (see Figure 4) the outlet
is situated near the ceiling at the top of the wall,
which is opposite to the external wall. In the second
case (see Figure 5) the outlet is situated at the floor
level in the right corner of the room. The inlet, for
both cases, is located at the floor level near the
external wall.
The following advantages are characteristic of
combination of radiant technology and warm air
heating:
Thermal lag of this system is very short
compared to traditional radiant floor heating and
is a consequence of possible air supply
temperature rapid change.
With an air-underfloor heating system, we have
the option of adding a central air conditioning. In
consequence we have one system, which
combines different and opposing functions.

- 1497
1489 -

An air exchanger or a HRV (heat recovery
ventilator) that warms exterior incoming air can
be added to the heating installation.
Air circulating in proposed system can be
filtered to keep the house clean.
The low temperature of this system allows the
use of alternative energy sources.
The principal disadvantages of air-underfloor system
are following:
The ductwork takes up space.
A blower fan, which is an integrated part of airunderfloor system, is a source of noise.

ANALYSIS
Physical Model and Assumption
Simulations are performed for a typical residence
room. The modeled room is assumed to be two
dimensional with a height of 2,5 m and width of 4 m.
The ceiling and the right wall are considered to be
adiabatic. Left wall with embedded window (with a
hight of 1,5 m) is assumes to be insulated. The
calculated U-value of this wall is 0,4 W/m2/K and
window U-value is 1,5 W/m2/K. The linear changed
heat flux is applied on the floor. The displacementventilation inlet (with a width of 0,005 m) of warm
air is located at floor level in the left corner of the
room. The outlet is situated alternatively:
Outlet No. I – at near the ceiling in the right upper
corner of the room.
Outlet No. II – at the floor level in the right corner.
The geometry and co-ordinate system of the model is
shown in Figure 6. The rate of flow is applied at the
constant level: V=10 m3/h (one air-change per hour –
ACH). The temperature of inflow air is calculated
based on the heat balance equations:
Qair,IN + Qfloor = Qair,OUT + Qwall + Qwindow
(1)
where:
Qair,IN = V ⋅ ρ ⋅ cp ⋅ Ta,IN – heat in inflow air,
Qfloor = q( x )dF
– heat supply from the floor,

∫

floor

F

Qair,OUT = V ⋅ ρ ⋅ cp ⋅ Ta,OUT – heat in outflow air,
Qwall = qwall ⋅ Fwall – heat loss from the wall,
Qwin. = qwin. ⋅ Fwin. – heat loss from the windows.
CFD Simulation
A computational model of the room with airunderfloor heating installation was constructed
within the CFD environment developed by ANSYS
(ANSYS r. 5.7.1 – FLOTRAN). The fluid is assumed
to be Newtonian, incompressible and Boussinesq
approximation was valid. Computer code solves, in
finite element form, the conservation equations for
mass, momentum and thermal energy. The twoequation model κ−ε was employed for modeling of
turbulence. The algebraic equations were solved lineby-line (LBL), using the Tri-Diagonal Matrix
Algorithm (TDMA). The convergence criterion that

was used for the TDMA solver was 1⋅10-5 for the
problem of airflow inside the tested room. The
number of iterations for the velocity was 1 and 300
for energy and pressure. The best convergence was
attained for 15 sweeps for turbulent equations. The
number of global iterations for the problem was less
than 2000.
In the radiation analysis, heat transfer between the
walls was calculated by The Radiation Matrix
Method. The Non-hidden Method was used to
determine the radiation view factors between the
surfaces. The air in the room was assumed to be
radiatively non-participating. The emissivity of the
walls and the window was set at 0,9.
Three mesh systems for CFD were used:
Structured mesh with linear increase density
near the wall boundary.
Structured regular mesh for small air
recirculating region.
Unstructured high-density mesh for the inlet
and the outlet regions.
The flow domain is divided into 21 550 elements.
Large number of elements in the 2D model first of all
was resulted of very small dimension of the inlet and
the outlet comparing to dimension of the room.
Generated density mesh secures convergence and
stability of calculations and warrants very good
agreement between of CFD results and
measurements (Awbi, Hatton 1999) in terms of
inside film coefficient on all boundaries.

RESULTS AND DISCUSSIONS
Many researchers used the thermal comfort
conception to qualification of radiant heating systems
e.g.: Clarke et. al. (2002), Olsen (2002, 2000), Careli
et. al. (2001), Athienitis (1997). The key aim of these
calculations is to evaluate a thermal comfort of the
air-underfloor heating installation.
Calculations were executed for different values of rH
factor, defined as:
Q floor
rH =
(2)
Q floor + (Qair , IN − Qair , OUT )
Factor rH expresses relation heat supply from floor to
total heat supply. It was distinguished following
computational cases:
Case 1 – rH = 0,9 and outlet No. I.
Case 2 – rH = 0,6 and outlet No. I.
Case 3 – rH = 0,3 and outlet No. I.
Case 4 – rH = 0,9 and outlet No. II.
Case 5 – rH = 0,6 and outlet No. II.
Case 6 – rH = 0,3 and outlet No. II.
Case 7 – rH = 1 (radiant floor heating without
marginal zone).
Case 8 – rH = 0 and outlet No. I (warm air
heating).
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Calculations were executed for conditions of EastCentral Europe climate like Warsaw (design
conditions: Ta,e=-200C, Ta,i=200C).
The prediction of a thermal comfort has been
standardized with Fanger (1972, 1988) models of a
steady state heat balance equations for the human
body. The analysis of thermal environment of a room
with the air-underfloor heating installation was done
on the basis of the international standards and
guidelines: ANSI/ASHRAE Standard 55-1992,
ANSI/ASHRAE Standard 55a-1995, CR 1752-1998,
DIN 1946-1994, ISO 7730-1994 and PN-85/N08013-1985 (ISO 7730 translation).
A thermal environment in the room we can define by
using:
In general aspect – PMV (Predicted Mean
Vote), PPD (Predicted Percentage of
Dissatisfied) and operate temperature TO.
In local aspect – temperature field, velocity
field, draft.
PMV and PPD
The standards require PMV≤ 0.2, PPD ≤ 6%
for class A of the thermal comfort, PMV≤ 0.5,
PPD ≤ 10% for class B and PMV≤ 0.7, PPD ≤
15% for class C.
The results of calculations can be seen in Table 1 (for
the winter heating conditions, for activity level – 1,2
met and with clothing thermal resistance – 1 clo)
corresponding to class A for all cases.
Operative Temperature
The operative temperature is given by:
TO = A⋅Ta,i + (1 - A) ⋅Tmr
(3)
where: Ta,i is the air temperature and Tmr is the mean
radiant temperature. For air velocities < 0,2 m/s or
Tmr −Ta,i <4 the operative temperature is expressed
as the simple average of air temperature and mean
radiant temperature (A=0,5). The mean radiant
temperature can be expressed as:
n

Tmr = ∑ ϕ o−iTi ,r

(4)
where: n is a number of surfaces, ϕo-i is a radiant
angle factor and Ti,r is a radiant temperature of the
surface. The radiant angle factor is determined by
Szarkauskas (1985). In this model occupant be
replaced as a cylinder (high =1.8 m,
diameter=0.28m). 3D simplify model of the room is
used to calculate of the operative temperature. The
surface temperatures of floor, ceiling, external wall
and opposite wall are applied from 2D model. The
remaining walls were considered to be adiabatic with
surface temperature equal to mean air temperature.
Table 1 shows the results of calculations for mean
radiant temperature and operative temperature. The
values of TO are corresponding to class B (the
temperature normalized range is between 200C and
240C in winter heating conditions).
i =1

Table 1. The basic parameter of the thermal comfort
PMV
PPD
Tmr
TO
-0,19
5,72
21,42
20,71
case 1
-0,18
5,69
21,46
20,73
case 2
-0,17
5,60
21,47
20,74
case 3
-0,20
5,81
21,35
20,67
case 4
-0,15
5,46
21,80
20,90
case 5
-0,14
5,43
21,85
20,93
case 6
-0,20
5,86
21,28
20,64
case 7
-0,21
5,89
21,16
20,58
case 8
The results obtained from the study shows, that the
operate temperature can be still in the normalized
range when we decrease the air temperature by 1 0C
for class B conditions or 2 0C for class C conditions.
Vertical Air Temperature Profile
Thermal comfort also depends on vertical air
temperature difference. The profiles of air
temperature in the room with air-underfloor heating
installation are shown in Figure 7. The most
comfortable thermal environment for the occupant
we occur when temperature of the floor surface is
higher then air temperature on a head level. The
profiles for cases 1, 4 and 7 are almost uniformly
from floor to ceiling. The increase of the inflow air
temperature leads to disadvantageous increase of air
temperature near the ceiling. Table 2 shows mean
temperature differences between 0,1-1,1 m and 0,11,8 m above a floor. The differences are very low
and less than 0,4 0C.
Table 2. The temperature differences in the middle of
the room
Ta,0.1 - Ta,1.1
Ta,0.1 - Ta,1.8
-0,01
-0,01
case 1
-0,04
-0,02
case 2
-0,33
-0,26
case 3
-0,09
-0,07
case 4
-0,19
-0,13
case 5
-0,32
-0,37
case 6
-0,18
-0,23
case 7
-0,34
-0,33
case 8
Temperature Distribution
Figure 8 shows calculated temperature
distribution in room for all analyzed cases.
Additionally it was calculated temperature and
velocity field for rH=0,8 in order to delimit of
direction change air circulation in the room.
Warm air (blown into the room) is mixed with
downdraft (from cold window surface) and drifts to
the ceiling when rH<0,8. Increase of air temperature
near the window and the ceiling cause of increase of
the window and ceiling surface temperature. It is a
reason on the one hand that the thermal comfort is
better but it is reason on the other hand of increasing
heat losses. While rH>0,8 mixed air drifts to the floor
direction but temperature of air is larger then mean
air temperature in the room. In this case when
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window doesn’t shut tight or U-value of window is
larger then 1,5 W/m2/K the decrease of air
temperature near the floor can happen. Conclusively
rH<0,8 is recommended for air-underfloor heating
system design.
Air flow field
Calculated airflow fields in the room for all cases
are shown in Figure 9. The recommended maximum
acceptable air velocity in winter heating conditions is
0,15 m/s. White color illustrates areas with not
recommended air velocity. These regions become
more and more larger when we increase of supply
warm air temperature. It may not cause of discomfort
for an occupant because air velocity is enlarged near
the window and the ceiling. The analysis of stream
function distribution shows that there are two main
air circulation regions: first in the right upper and
second in the left bottom part of the room. By
increasing the supply warm air temperature the area
of second region is decreasing.
The results of calculations show, that the location of
air outlets are not most important factors to influence
flow pattern.

CONCLUSIONS
The present study shows an air-underfloor
heating system. Radiant floor combined with warm
air heating could provide preferable indoor air
quality and thermal comfort. Numerical predictions
of airflow in the room with this installation are
carried out and reported here. Simulations of many
cases were performed to study the comfort criteria in
general aspect (PMV, PDD, operate temperature) and
in local aspect (temperature and velocity fields,
drafts). The results of calculations show, that the
level of comfort in the tested room is corresponding
to class B (for the winter heating condition, mean air
temperature – 200C, activity level – 1.2 met, clothing
thermal resistance – 1 clo). The profiles of the
temperature in the middle of the room are almost
uniformly from floor to ceiling with increase at floor
level. Calculated airflow fields in the tested room
shows that the air velocity exceeds maximum
acceptable value (0.15 m/s) only near the window
and the ceiling. It may not cause of discomfort for
occupant. A theoretical analysis has been shown, that
relation of heat supply floor to total heat supply for
the design conditions can be less than 0,8. Another
result from this study is that the location of air outlets
isn’t important factor to influence flow pattern.
This paper describes the first part of the project,
which
aims
to
provide
design
knowledge/information for air-underfloor heating system.
Future work in the current project will include:
Creation of 3D numerical model of airunderfloor heat exchanger (with PCM and with

inside empty cylinders), which aims to estimate
optimum grid size and diameter of cylinders.
Experimental verification of the numerical
models and estimate of the characteristic
parameters.
Experimental and numerical analysis of
radiative and convective heat transfer in the
real-scale room with air-underfloor heating
system.
Elaboration of knowledge/information for
HVAC systems designers.
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Figure 1. RESARO floor construction
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1 – polystyrene insulating board,
2 – aluminum heat spread plate,
3 – concrete screed,
4 – finishing floor.

Figure 2. The air underfloor heat
exchanger construction – type I
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1 – polystyrene insulating board,
2 – plastic air heat exchanger,
3 – bio-coverstone or concrete screed,
4 – finishing floor.

Figure 3. The air underfloor heat
exchanger construction – type II
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Figure 4. The first case of ventilation slots
arrangements (air distribution: down – up)

Figure 5. The second case of ventilation slots
arrangements (air distribution: down – down)
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Figure 6. Physical model of the simulated room
1

x/H

1

case 1

0 ,9

1

0 ,8

0 ,8

0 ,7

0 ,7

0 ,7

0 ,6

0 ,6

0 ,6

0 ,5

0 ,5

0 ,5

0 ,4

0 ,4

0 ,4

0 ,3

0 ,3

0 ,3

0 ,2

0 ,2

0 ,2

0 ,1

0 ,1

0 ,1

0

0

293

2 9 3 ,5

294

Ta

2 9 2 ,5

0
293

2 9 3 ,5

294

1

1

case 4

0 ,9

2 9 2 ,5

0 ,8

0 ,8

0 ,7

0 ,7

0 ,7

0 ,6

0 ,6

0 ,6

0 ,5

0 ,5

0 ,5

0 ,4

0 ,4

0 ,4

0 ,3

0 ,3

0 ,3

0 ,2

0 ,2

0 ,2

0 ,1

0 ,1

0 ,1

293

1

2 9 3 ,5

294

case 7

0 ,9

2 9 2 ,5

0 ,8
0 ,7

0 ,6

0 ,6

x/H

2 9 3 ,5

1

0 ,7
0 ,5

0 ,5

0 ,4

0 ,4

0 ,3

0 ,3

0 ,2

0 ,2

0 ,1

0 ,1

0
2 9 2 ,5

293

294

2 9 3 ,5

294

Ta

2 9 2 ,5

293

2 9 3 ,5

294

Figure 7. Vertical temperature
profiles for cases 1÷8 in the
middle in the room with airunderfloor heating
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Figure 8. Calculated temperature distribution in
the room with air-underfloor installation
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Figure 9. Calculated velocity fields in the room
with air-underfloor installation
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