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A simplified dynamic thermal medel of a hollow core concrete slab thermal storage system and
associated room is described. The model is based on a thermal network that can address the heat
exchange between the slab cores and the ventilation air, the thermal storage in the building fabric,
and the effect of the heat disturbances on the room. The increase in convective heat transfer at the
corners of the ventilation cores is also discussed. For normal cyclic operation, the simulated mass
and zone temperatures are both in phase with measured performance data. The model root mean
square error between the simulated and measured performance is no more than 0.5°C for the
average slab mass temperature and 1.0°C for the zone air temperature. & 1997 Published by

Elsevier Science Ltd.

INTRODUCTION

The energy crisis of the 1970s started a move towards the
design and operation of energy efficient buildings. With
half of the U.K.’s primary energy still being consumed in
buildings, the need to reduce building energy con-
sumption is now important in order to restrict the emis-
sion of environmental pollutants. One approach that
reduces energy consumption is to utilize the building
fabric as a thermal energy store. In buildings with low
thermal loads, the thermal storage in the building fabric
can be sufficient to regulate the room thermal environ-
ment. For high thermal loads where airconditioning is
required, the integration of the building fabric with the
airconditioning plant can reduce the peak demand on the
plant capacity and improve operational efficiency.

Two approaches that utilize the building fabric as a
thermal store are in use. The first is to expose as much of
the internal surface of the building fabric as possible, by
for instance having no false ceiling. This increases the
heat transfer between the building fabric and the room
environment. It is an approach which has been shown to
be effective in damping peak summer loads [1, 2], but
because of the weak coupling between the building mass
and room air, the thermal capacity of the mass is under
utilized. The coupling between the mass and the air is
increased in the second approach, where the ventilation
air is passed through the hollow cores of the floor and
ceiling slabs, the turbulent air flow thus increasing the
convective heat transfer. The extruded hollow core con-
crete slabs are integrated with the ventilation system by
blocking the core ends and cutting connecting holes
between the cores to create an extended air path within
the slab (Fig. 1). Having passed through the slab, the air
can then enter the room directly via a diffuser, or pass
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through ductwork to enter the room at a low level as
part of a displacement ventilation system. Energy savings
from the system of between 13% and 70% have been
reported, depending on the particular building and the
prevailing weather conditions [3, 4]. In addition to the
potential energy savings, the perceived comfort levels are
often higher during summer due to the radiant cooling
effect from the exposed ceiling slab.

In order to maximize energy savings, the ventilation
and thermal storage system must be carefully designed
and operated. Both the design and control of the system
can be investigated using a computer simulation of the
system. The requirements of such a simulation are that it
should

e correctly model the heat transfer process along the slab
air path;

e model the effective heat capacity of the slab mass;

e simulate the influence of all of the major thermal dis-
turbances on the room environment;

e be able to model the effect of different wall con-
structions and plant operation strategies, so that the
optimum design and operation of the system can be
investigated.

To date, little research has been directed towards the
modelling of hollow core thermal storage systems. A
finite element method has been used to model the heat
transfer processes in the slab [S], however only the heat
transfer through the thickness of the slab was considered.
In general, finite element methods are computationally
too intensive to allow the modelling of the major thermal
disturbances on a building and to enable the investigation
of different plant operation strategies. A mathematical
model derived from a heat balance on the room environ-
ment and hollow core slab has been developed [4]. Two-
dimensional heat transfer was considered, through the
thickness of theslab and alongthe airflow path. However,
the slab cores were simplified as two parallel plates with
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Fig. 1. A hollow core ventilated slab.

air passing between them. A constant heat transfer
coefficient along the air path was assumed so that the
effect on the heat transfer coefficient of the air flow
around the corners of the air path was not modelled. In
contrast, computational fluid dynamic modeclling
methods have been used to study the heat transfer within
hollow cores [6). It was concluded that the majority of
the heat transfer takes place at the corners of the air path.
The applicability of the computational fluid dynamic
modelling approach is limited in that constant boundary
conditions are normally assumed, so that the effect of
time variant disturbances on the room and slab are not
modelled.

To summarize, the existing models are either limited
in their modelling of the heat transfer along the slab air
path or are unable to represent the effect of time variant
disturbances on the room and ventilated slab. This paper
presents a thermal network model that addresses these
deficiencies.

Lumped parameter thermal network models

The thermal modelling of buildings has been the sub-
ject of much research [7] and, as such, the approach
adopted in this work is to integrate a new model of
the ventilated hollow core slab with an established zone
model. The lumped parameter method has been chosen
to model the thermal performance of the building zone
and ventilated slab. The approach is attractive in that the
model parameters are easily derived from the thermal

propertics of the building materials and that the model
equations are easily solved so that parametric studies can
be conducted without excessive computation.

Anestablished algorithm has been selected to calculate
the model parameters [8, 9]. The algorithm uses the ther-
mal time constants of a building element to obtain the
thermal resistances. The algorithm is easily interpreted
and can be obtained from a transfer function derivation
for a building element. Consider the multi-layer con-
struction shown in Fig. 2 and the lumped parameter
representation given in Fig. 3. Here, R; and R, are the
resistances of the mass node to the disturbances from the
insideand outside respectively. C is the total heat capacity
of the construction. The time constants, 7; = R,C and
1, = R,C, represent the response to a disturbance from
inside and outside, and can be calculated thus:

n k—1 Rk
= Z Ck (R,.'J.“ z Rj'{' ‘E‘) (l)
k=1 \ j=1 :
Ry |
= 2, G Z R+ Rx,,), @
R TP

where R; and R, are the thermal resistances of layers j
and k, and R, and R, are the resistances of the inside
and outside surfaces. Having calculated the time con-
stants and the tptal thermal capacitance of the con-
struction (C = Z (' +), the lumped thermal resistances

T;
can be obtained as R = and R,

= C'
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Fig. 3. Lumped parameter mode! of a building element.

THE VENTILATED SLAB THERMAL MODEL

Previous research [5] suggests that there is a negligible
change in the slab concrete’ mass temperature along the
air path. However, sincc there can be a difference in
temperature from one zone to another, the mass tem-
perature may not be distributed symmetrically about the
centre of the slab. This effect is accounted for by mod-
elling the slab ini two halves, one half coupled to the
environment above the slab and the second to the
environment below. In order to simplify the model, how-
ever, the heat conduction through the concrete slab from
one surface to the other is not modelled. This can be
justified in that the temperature difference that most
affects the slab mass temperature is the difference between
the ventilation air temperature and that of the adjacent
environment, the temperature difference across the slab
having the least effect on the mass temperature. A sub-
stantial change in air temperature will exist along the air
path, yet a single air temperature is required for the
ventilation air node in the lumped pararaeter model. This
has been taken as the average air temperature along the
air path which can be derived [rom the heat exchange
between the slab and the ventilation air.

The lumped parameter model of the ventilated slab is
illustrated in Fig. 4. T, is the mean temperature of the
ventilation air, and T, and T, are the air temperatures
of the zones above and below the slab. R, and R, are
the slab thermal resistances of the mass nodes to dis-
turbances in the zone air temperatures. R, and R, are
not equal due to the different floor and ceiling finishes.

Similarly the thermal capacitance, C, and C, of the two
halves of the slab can differ due to the surface finishes.
Although the surface resistance and the resistance of the
concrete between the mass node and the ventilation air
are the same for both sides of the slab, the procedure for
deriving the resistances from the time constants means
that the finishes on the external surfaces will also result
in R,, and R, being different.

Ventilation air to slab heat exchanger model

Since the slab mass temperature is constant along the
air path, the heat exchange between the ventilation air
and the slab is in effect that of a heat exchanger with one
fluid condensing or evaporating and therefore being of
infinite thermal capacity. If the slab mass temperature is
taken as the arithmetic mean, T, of the two slab mass
temperatures T,, and T, (Fig. 4), then the air tem-
perature at a distance x along the airpath is given by

Tax = Tm+(Tm‘—' Tm)e_u- (3)

ax is the number of transfer units and

U
MyCpy

o =

7, is the air mass flow rate and c,, the air specific heat
capacity. U is the transmittance per unit length of the
airpath derived from the resistances R,, and R, (Fig. 4).
T, is the temperature of the air at inlet to the slab. The
average air temperature along the airpath 7, can be
obtained by integrating T, along the length of airpath L
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Fig. 4. L.umped parameter model of the ventilated slab.
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The slab thermal capacitance

A typical concrete slab will have five cores but only
three are generally used for ventilation. This, and the air
path taken through the slab (Fig. 1), makes it difficult to
determine the effective thermal capacitance of the slab.
Previous research [6] suggested that a 24-hour cyclic vari-
ation of the surface temperature of a slab influences the
mass to a depth of only 15.0cm. However, using this
depth to determine the thermal capacitance has proved
to be ineffective when used in the model described here.
The approach adopted to determining the slab thermal
capacitance is first to simplify the representation of the
air paths (6} (Fig. 5), and second select a width and length
of slab to provide a capacitance that gives a thermal
response that matches measured performance data from
a commercially available system. The total length of the
simplified air path is equal to that of the real system.
The width of the area relating to the effective thermal
capacitance W has been set to equal the span of hollow
core section of the slab (Fig. 6). In order to match the
measured thermal performance of a commercial ven-
tilated slab system, the length of slab beyond the core
ends A (Fig. 5) was found to be 30.0cm. The remainder

........... TTR—— . 3

Fig. 5. Simplified air path and area of thermal capacitance.

of the slab length and the urea of slab beyond W is
integrated into the building zone mass ncde.

The slab concrete thermal resistances

Due to the geometry of the slab, the calculation of the
slab concrete resistance is considered in two parts. When
calculating the resistance to a disturbance in the room
air temperature, the slab is considered as a flat plate with
a cross-sectional area equal to the effective storage area
of the slab. The thickness of the plate used to assess the
resistance is then § = 4/Z (Fig. 6). However, radial heat
transfer occurs between the ventilation air and the slab.
Since, for most commercial systems, the distance between
the cores is similar to the thickness of slab above and
below the cores, the mass node is assumed to be located
close to the perimeter of a circle positioned half way
between the edge of the core and the external surface of
the slab (Fig. 6). The circle is centered on the core and is
of diameter D. Here, an isothermal cylinder has been
assumed such that the resistance R, for half the core is

given by
D
In (E)

= "KL> (5)

where K is the conductivity of the concrete. As for all
lumped parameter resistances, the relationship may not
be true for highly transient stages of heat transfer. It is
also unlikeiy that true isothermal conditions will occur
on the edge of the cylinder. However, this is unlikely to
significantly affect the accuracy of the lumped parameter
model.

The veniilation air surface resistance

The resistance on the inside surface of the air cores,
R,,, is derived from the surface heat transfer coefficient.
This is a function of the properties of both the air flow
and the nature of the surface of the cores. The heat
transfer is also higher 2around the connecting corners than
along the straightsections of core. To further complicate
the calculation of the surface resistance, the model must
allow for a variable air flow rate.
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Fig. 6. Dimensions for slab concrete capacitance and resistance calculations.

Since no reliable measurements have been made of
the heat transfet coefficient inside hollow core slabs, the
approach adopted here is to use a standard heat transfer
correlation for the resistance of the straight sections of
the core, and to correct this for the enhanced heat flow
around the corners, the corgection factor having been
obtained from the measured performance of a com-
mercial ventilated slab system. The empirical correlation
for the straight cores has been taken as [10, 11]

Nu = 0.023Re**Pr®?, (6)

u &

where Nu is the Nusselt number, Re the Reynolds num-
ber and Pr the Prandtl number. Using the properties of
airata tempcrature 0f 20.0°C, the heat transfer coefficient
I:,, for tle straight section of duct can then be given by
the approximate expression

hy, = 3.736°%d-92(W/m?K), o)

where v is the air velocity and d the core diameter.
Measured air temperatures from a commercially avail-
able ventilated slab system suiggest that this relationship
is of the correct order. The accuracy of this relationship
could not be verified completely since the data available
are insufficient to enable precise in the measurement of
the heat transfer coefficients. Air temperatures measured
along the air path suggest that the heat transfer coefficient
for the corners is of the order of 50 times higher than
that for the straight sections of core. This was determined
using the measured data and the heat exchanger model.
The value was further verified by comparing the lumped
parameter model output to a range of measured per-
formance data. The consistency of the increase in corner
heat transfer with velocity has not been verified
completely, since measured data was only available for
two core air velocities. It is unlikely, however, that the

relationship between straight core and corner heat trans-
fer will change significantly provided the velocity remains
in the fully turbulent region.

THE LUMPED PARAMETER ZONE MODEL

Lumped parameter models and the thermal network
approach have been the subject of much research [8, 12—
15]. The model adopted as the basis of this work gives a
clear insight into the thermal performance of the building
and has been validated for a wide range of building types
[9, 16-18].

‘I'he model is illustrated in Fig. 7, where T, is the sol-
air temperature, T, the outside air temperature, and T,
the zone air temperature. Ty, and T,,, represent the zone
inside surface and mass temperatures. Q. and Q, are the
convective and radiant heat gains. R, is the convective
heat transfer resistance and R, the infiltration resistance.

C, is the effective thermal capacitance of all massive
elements in the zone. R,, and R, are obtained by combin-
ing, in parallel, the internal and external resistances of all
massive elements of the building fabric. Windows are
considered to have no thermal capacity but their resist-
ance is integrated in R,, and R;. The internal partitions
are also lumped into R, R, and C,. This is achieved by
representing the temperature of the adjoining zones by
the dry resultant temperature and using this in the same
manner as the sol-air temperature used for the external
walls.

The shortwave radiation on the exposed external sur-
faces is modelled by the sol-air temperature T,. T, is
calculated according to the convective and radiant heat
transfer occurring on the external surfaces. As the sur-
faces are at different orientations they will receive a
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Fig. 7. Lumped parameter first-order building model.
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different amount of solar radiation (or heat disturbances
from the adjoining zones). T,, is therefore corrected for
all walls based on the fact that walls are in parallel from
theindoor air node to outside air node (or adjoining zone
air node) [9].

: Riois
Tsa = z ka : hl) (8)
=TT Ry

where R, is the total resistance for one element between
the inside air and outside air node and R, is the sum of
R, in parallel.

THE COMBINED THERMAL NETWORK MODEL
FOR BUILDING ZONE AND SLAB

The lumped parameter building model has been
extended to incorporate two ventilated hollow core slabs,
one for the ceiling and a second for the floor. Since the
room surfaces may be at noticeably different tem-
peratures when the ventilated hollow core slabs are in
use, the longwave radiant heat exchange between the
room surfaces has been modelled. The new model also
includes the shortwave radiant heat gain distribution to
the different surfaces of the room.

Figure 8 represents the thermal network for the inte-
grated ventilated slab and building model. The notation
is as described for Figs 4 and 7, except for the modelling
of the heat exchange between surfaces and in order to
allow for two ventilated slabs (subscripts ¢ and f have
been added to denote the ceiling and floor). Unlike for
Fig. 4, R, and R, are the conductive resistances from
the ceiling and floor slab mass nodes to the internal
surfaces of the zone; the surface resistances (R,., R,/ are
represented separately to allow the modelling of radiant
heat exchange between the surfaces.

The mass temperatures have been omitted for clarity
whereas the internal surface temperatures for the walls,
ceiling and floor are T,,, T, and T, respectively. T,,. and
T, are mean ventilation air temperatures for the ceiling
and floor slabs. T,. and T, are the temperatures of the
zones above the ceiling and below the floor. T,, is the air
temperature of the modelled zone which is coupled to the
wall, ceiling and floor surfaces by the convective surface
resistances Ry, R, and R

C, represents zone air thermal capacitance, however
the effect of the room air capacity on the building
response is insignificant compared with the effect due
to the structural elements. Further, the high frequency
response is only a minor consideration in this study and
therefore the air capacitance is not normally included in
the model. The convective heat gain, Q,, includes the heat
gain from the ventilation system supplied via the ceiling
slab.

The equations resulting from the model have been
solved in this study using a stale-space representation
and the Runge-Kutta numerical integration methed.

Lengwave radiant heat exchange

The long wave radiant heat exchange between surfaces
s modelled by the exchange with the radiant star index
temperature T,. This temperatureis coupled to the room
surfaces by the radiant resistance R,, for the walls, R,,

for the cciling and R,, for the floor. The radiant star
temperature is represented by [19]

i SlvT.lw + ScTst i1 S[TJ!-" er (9
= S Sy )

where O, is the longwave radiant heat gain generated
from cquipment, lighting and occupancy. T, T. and T,
are the surfacc temperatures of the walls, ceiling and
floor. S., S, and S, are radiant conductances for the
walls, ceiling and floor. They depend on the surface area,
emissivity and radiant heat transfer coeflicient associated
with cuch element. For example, for the ceiling

S.=AEHh,

where A, is ceiling surface area, 5, is the radiant heat
transfer coefficient of the room and E, a function of
emissivity. A, is a function of T, and so, in order to avoid
iteration, 7, is assumed to be 20°C when calculating A,
[19]. E, can be calculated from [19]

1 1—e¢,

=t (an

Tr.‘

where ¢, is the ceiling surface emissivity. y. is the cciling
area weighting factor, y. = | — (A /A o), Where Ay, is
the sum of the areas of the walls, ceiling and floor.

The same algorithms are equally applicable to S, and
S;. Inversion of the conductances gives the radiant resist-
ances R,,,, R,.and R,

Shortwave heat gain

Q. is the shortwave heat gain to the zone. The short-
wave gain transmitted through the windows is calculated
hour by hour from the weather data. The proportion of
incoming radiation distributed onto the wall surfaces,
ceiling surface and floor surface, is calculated according
to the relative surface areas. The total gain absorbed by
each element is the product of shortwave radiant surface
coefficient, the proportion of radiation distributed to the
surface, and the total shortwave gain entering the room.

Model initialization

During the comparison of the model accuracy with
measured performance data, the model was initialized
using the measured data values. More generally, il a
uniform temperature is assumed as the initial condition
for all the mass elements of the zone, then executing the
model for four days of identical weather data has been
shown to be sufficient to eliminate the eflects of this
assumption. Similarly, any improvement in accuracy due
to the numerical integration has been shown to be insig-
nificant for integration times shorter than 20 minutes.

MODEL PREDICTION AND COMPARISON WITH
MEASURED DATA

The output from the ventilated slab and zone model
has been compared with measured data from an exper-
imental ‘test  facility. The test room s
4.80 m x4.00m x 3.75 m with a door but no window. The
walls are of a light weight, being simply constructed and
insulated with expanded polystyrene slabs. The floor and
ceiling are constructed from four commercially available
hollow core concrete slabs. Only the ceiling is used as a
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Fig. 8. Combined building and ventilated slab model.

ventilated slab system with the middle two out of the four
slabs being modified to provide ventilation ducts. The
ceiling also has a 35.0mm screed covering the upper
surface.

The test room is located in a large laboratory hall and
therefore the test room's external environment is that of
the test hall. The ventilated slab system and room is
supplied with the air from a central air handling unit
which maintains a preset air mass flow rate and tempera-
ture. In the tests, the same proportion of air from the
plant was supplied equally to both ceiling slabs. The air
from the two slabs was then combined and delivered to
the room. The lightweight construction of the test room
and the absence of any windows are an advantage in
evaluating the performance of the model, since the new
aspects of the model are concerned with the ventilated
slab system, the zone model being well established.

The room temperature was measured by a sensor pos-
itioned in the middle of the test room. Velocity and tem-
perature measurements were made inside the ventilated
slab cores and the slab mass temperature was measured
at two depths, 70.0 and 210.0 mm from the upper surface

(the slabs being 270.0 mm thick with 180.0mm core diam-
eter). The overall average mass temperature has been
taken as the mean of the measurcments at both depths.

The model output has been compared to two sets of
test data. The first set is for normal cyclic operation, at
two air velocities, 1.18 m/s (Re = 1.4 x 10%) and 3.75m/s
(Re = 4.48 x 10%). The second set is for a step change in
air flow temperature supplied to the slab at an air velocity
of 1.05mys.

In order to quantify the differences between the pre-
dicted results and the measured data, three standard esror
functions have been adopted, the maximum absolute
error (€n,,), the maximum percentage crror (en,), and the
root mean square error (e,,,). The maximum absolute
crror between the predicted and measured data is useful
in a comparison with the accuracy that could be expected
from industrial standard sensors. The maximum error
expressed as a percentage of the measured values indi-
cates the relative accuracy of the model. The root mean
square error indicates the average accuracy over the
whole simulation time period, although this error is sen-
sitive to extreme errors.
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Fig. 9. Test measurements (1.18 m/s velocity).

Model accuracy for cyclic operation

The cyclic tests emulate normal daily operation of the
ventilated slab system. During these tests, the room heat
gains were imitated by a convector heater of approxi-
mately 1.0 kW output. Both the heater and ventilation air
supply were in operation between 8:00 am and 7:00 pm.
During the other periods, there was no ventilation and
no room heat gain.

Figure 9 shows the measured temperatures for an air
velocity of 1.18 m/s in the slab core. The hall temperature
is the test room’s external air temperature and the supply
temperature is that of the air entering the ventilated slab.
Figure 10 illustrates the same variables but for a supply
air velocity of 3.75m/s in the slab cores.

Figure 11 compares the model output with the mea-
sured data for an air velocity of 1.18 m/s. The predicted
and measured results are in phase but an error in peak
amplitude of approximately 1.0°C in the room air tem-
peralure is apparent during the period of heat gain and
venlilation. This error can be partly attributed to the
uncertainty in the output of the convcctor heater during
this test period. Similarly, Fig. 12 shows the simulated
and measured data for an air velocity of 3.75m/s in the
air cores. For both tests, the mass temperatures suggest

% 50 100 50 200
Time (hours)}
Fig. 10 Test measurements (3.75m/s velocity).
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Fig. 11. Measured and simulated performance (1.18m/s
velocity).

that the simulated model is more responsive than the
test slab. Since the thermal capacity and density of the
concrete have been measured, the faster response of the
model can be attributed to the uncertainties in the cal-
culation of the thermal resistances and the choice of
effective thermal storage volume.

Table 1 gives the errors between the model output and
measured data for the zone air temperature T,,, and the
average mass temperature T, The maximum errors (emay,
€,) in zone temperature occur during the highly transient
periods at the beginning and end of plant operation.
However, a maximum root mean square error, e,,,, of
1.0°C for the zone air temperature and of 0.5°C for the
mass temperature can be considered to be acceptable.

Mode! accuracy for step input operation

The step input test emulates a winter operation’ of the °
system in which, some time prior to the start of occu!
pancy, a step increase is made to the air temperature
supplied to the ventilated slab. In this case, the initial
supply temperature was set to 12.7°C. At 2:25pm thé
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Fig. 12. Measured and simulated performance 3. 7Sm/s
velocity).
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Table 1. Model accuracy for cyclic operation
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Fig. 13. Step test temperature measurements.

supply air temperature setpoint was increased o 40.0°C.
The air ‘velocity in the slab cares was maintained at
approximately 1.05m/s throughout the test. Figure 13
illustrates the measured performance data, in which sup-
ply is the temperature of the air entering the ventilated
slab, leaving is the temperature of the air leaving the slab
and entering the zone, and finally mass is the average
mass temperature of the slab. The noise on the supply air
temperature is due to the operation of the heating coil
control system. The effect of the slab mass on damping
the oscillations is apparent from the air temperature leav-
ing the slab.

The zone and hall temperatures were not measured.
Therefore the sol-air temperature for the simulation was
assumed to be a constant 20.0°C from §:00 am to 7:00 pm
(working hours), and 12.0°C during the other periods.
This assumption should not invalidate the comparison of
the model output and measured data, since the dominant
effects are clearly due to the supply air temperature to
the slab.

Figure 14 gives a comparison between the measured
and modelled air temperature leaving the slab, whereas
Fig. 15 compares the slab mass average temperatures.
The maximum error in air temperature leaving the slab
is 1.1°C and a root mean square error of 0.6°C over the
test period (Table 2). The maximum error in average
mass temperature is only 0.3°C with a root mean square
error of 0.2°C over the test period. The modelis therefore
considered to be of an acceptable accuracy by the
authors.
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Fig. 14. Step test measured and simulated air leaving tempera-
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Fig. 15. Step test measured and simulated mass temperature.

Table 2. Model accuracy for step input operation

Error Ty T
Cman 1.1°C 0.3°C
oo 4.8% 2.5%
s 0.6°C 0.2°C
CONCLUSIONS

This paper describes a lumped parameter medel of a
hollow core concrete slab thermal storage system and
associated zone. The integrated slab and zone model
includes an established lumped parameter building
model. A new model has been developed for the ven-
tilated floor and ceiling slabs, which includes the heat
exchange between the ventilation air and the slab. The
model parameters are easily obtained and the model
equations are easily solved, which will allow the inves-
tigation of different design solutions and ventilation plant
operating strategies.

In association with the development of the slab heat
exchanger model, an analysis of measured performance
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data would suggest that the increase in convective heat
transfer coefficient around the corners of the air cores is
approximately 50 times higher than that for a plain duct.
The generality of this value cannot be verified but it
appears to be correct for use in the model described in
this paper.

The model has been compared to measured per-
formance data for two sets of tests, the first representing
normal operation cycled over several days, and the
second a step input in the supply air temperature to the
slab. It can be concluded that the model gave an accept-
able accuracy for normal operation with a root mean

perature occurred during the highly transient, but brief|
period at the beginning of plant operation. The errors
arc generally due to the amplitude rather than a phase
shift in the temperature cycle. The step input test gives
an insight into the accuracy of the model of the heat
exchange between the ventilation air and the slab. The
maximum error in air temperature leaving the ventilated
slab was 1.1°C, whereas the maximum error for the aver-
age temperature of the slab was 0.3°C, both of which
indicate an acceptable level of accuracy.
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