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A program for the non-steady state calculus of the thermal condition of buildings is
proposed. A harmonical model has been used to creating this program. The detailed
presentation of the algorithm is followed by a case study drawn up for an enclosure with
load-bearing masonry structure situated at intermediate and terminal layers, at different
moments: in winter, when the heating is cut-off, and in summer.

1. Theoretical Considerations

Buildings may be subjected to various thermal loads such as: fluctuating evo-
lution of the exterior temperature, gains from the sun or central heating, energy
dissipated by occupants and the interior equipment. The dynamic loads, due to
life service and ventilation, determine the response of the building as temperature
variation of indoor space and its enclosing areas.

These equally depend on: the functional structure of the given system, volumetric
analysis, constructive characteristics, enclosing elements make-up, thermo-physical
characteristics of materials.

The evaluation of the parameters or of the functions that represent the response
of the building or of the enclosure involves the breaking-up of the ensemble in its
components, determining their characteristics, reassembling them while preserving
the characteristics of the building and enclosures. The loads can be determined
separately, to which the responses could be afterwards added, following the principle
of effects overlapping. In this way may be pointed out the response of a room
to two or more simultaneous loads such as: sine shaped fluctuation of outdoor air
temperature (which lends itself to the use of harmonic models) and limited cut-off
of heating plant.

1.1. Harmonic Method Principle

The building envelope is considered the seat of linear transfers by one-dimensional
conduction, air-wall convection, wall surface radiation. The building is subjected to
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common loads: a) sinusoidal variation of outdoor air temperatine. 7.: b) solar radi-
ation on the wall sides. F.;: ¢} natural continuous ventilation, De; d) quasi-constant
heating power, F., which ensure the normal value of the indoor air temperature, for
average values of the outdoor temperature.

The harmonic model may be written [1]:

(1) Ta(w) = H(w)S(w)-

where: T4(w) is the Fourier transform of indoor temperatures; H(w) - the harmonic
transfer matrix of the building; S(w) ~ the Fourier transform of loads.

The procedure entails two steps:

a) finding the balances at the walls interfaces;

b) finding the energy balance of the enclosure.

The harmonic transfer matrix of the building. H(w). can be obtained by combirn-
ing the equations defined in the two steps aforementioned.

a) Energy balance at air wall interface

The energy balance at the wall sides is given by the equations :

pi=XT - YT! =h(Ty—T) + > Ry(T; - T)) + Fa,
J

(2)
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M is the harmonic transfer matrix of the wall. (a detailed caleulus is given i 3

R.; - radiative change function (R.;S; = R;:5)).
Equations can be rewritten for all walls surfaces (2m):
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The equations are valid even if the interface is in contact with the exterior, case in
which T, is replaced by T..
Equations (4) can be regrouped in matriceal form:

Fig. 1.- Calculus scheme.
b) Energy balance of the air volumes

The increase in indoor energy of an enclosure of volume v, and caloric efficiency ¢,
is equal to the sum of the flows entering/getting out of/the enclosure: the convective
flow. Q.. between the walls and the surrounding air, the power, F,,, generated by the
heating plant (air conditioning), D._,, D;_,, the mixture terms for the refreshment
of the air in enclosures.

The balance can be written as:

(7) jweavaTa =) Qieai + Yo BTy —T0) % B T 1,)+ Fa,.
1 =1

where e,; equals 1 if the surface i is in contact with enclosure a, otherwise it equals
0.

The air balance equations can be expressed under matriceal form out of which
the matrix H can be written:

(8) EQ+DTA+D\?T¢:+F¢:=03
Fc
(9) Ty(w) = [a(w) bw) c(w)] [ T. | »
F
with:

(10) a(w):[E‘A"B+D]_1; b(w)= a(w) [BAT'C.+D.]; c(w)= aw) [Ea~'c,].
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The harmonic method has many advantages in the heat analysis of the buildings.
If the frequency and the amplitude characteristic of the loads are known, the dynamic
behaviour of the envelope can be predicted, due to the elements of harmonic transfer
matrix (amplitude, lagging ratio).

1.2. Thermal Stability in Winter Time

The thermal stability of rooms in buildings with intermittent heating. during
winter. can be expressed by the decrease in the indoor air temperature when the
rooms get cold due to the cut-off of the heating system.

The amplitude of the indoor air temperature oscillation is given by the relation:

(11) A =20 (1—e#7), [°C,

where: A# is the temperature difference between the indoor and outdoor air, [°C;
Q - amount of heat lost by the room through the exterior building elements for the
temperature variation of 1°C. [W/K]. equal tor

(12) W =W, +W.,

where: W, is the heat accumulating capacity of the closing elements (partitions,
floors and slabs, etc.), [W.h/K]; W, - heat accumulating capacity of the exterior
elements (exterior walls, roofs. etc.), (W.h/K]: 7 time when the heating plan is
switched off.

2. Application Program

The application program was used:

a) to determine the indoor temperature of an enclosure considering the sine
shaped variation of the outdoor air temperature. with or without heating source
(the algorithm was written using the relations (1),....(10));

b) to determine the temperature drop when the heating source was cut-off;

¢) to determine the variation of the indoor air temperature as an effect of exterior
temperature variation and heating plant cut-off:

d) in various plant running scenarios, the most unfavourable condition is chosen
(the end of heating plant cut-off coincides with the moment when the minimum
temperature is reached);

e) to determine the critical point (minimum temperature on the walls) by using
the finite differences method and by using the previously measured temperature of
the indoor air.

[t entails the use of more programs, namely:

a) calculus of harmonic transfer matrices of the closing elements (enables the
creation of a library of harmonic transfer matrices for the current walls);

b) calculus of indoor temperature of the enclosure:

¢) calculus of temperature on walls surface.
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3. Case Study

The studied case refers to the analysis of the thermal regime of a living room in
a three-roomed flat situated in a block of flats (groundfloor + two stories).

The following composition of the enclosing elements was considered:

a) brick masonry GVP 25 cm thick exterior walls and thermal insulation with
cellular-expanded concrete BCA 550:

b) ceramic blocks masonry interior walls 7.5 cm thick :

c) terrace roof with thermal insulation of foam concrete;

d) reinforced concrete flooring with parquetry.

The make-up and the thermo-physical characteristics of the materials used in the
closing elements are presented in Table 1.

Table 1
Thermo-physical Characteristics of the Materials Used in the Closing Elements

Thickness | Thermophisycal caracteristics
Area Materials layer P A ¢
m kg/m® | W/mK | J/kgK
Exteriors walls: Mortar cement, 0.02 1,700 0.87 0.84
a) in working plane GVP 1475 0.25 1.550 0.70 0.87
BCA GBN35 0.20 600 0.27 0.84
Mixed mortar 0.02 1,800 0.93 0.84
b) at the sides of floors | Reinforced concrete 0.375 2,500 1.74 0.84
B.C.A 550 0.075 550 0.21 0.84
Mortar cement 0.02 1,800 0.93 0.84
c) cores and girdles Mixed mortar 0.02 1,700 0.87 0.84
Reinforced concrete 0.25 2,500 1.74 0.84
BCA GBN 35 0.20 6500 0.27 0.84
Mortar cement 0.02 1,800 0.93 0.84
The terrace Reinforced concrete 2.500 1.74 0.84
Mortar cement 1,800 0.93 0.84
CMC1243 cinders 850 0.35 0.84
Foam concrete 616 0.19 0.84
Tar board 600 0.17 1.46
Gravel 2,000 1.16 0.92

The dynamic characteristics of the closing and partitioning elements were de-
termined, fact that contributes to the behaviour of the enclosure under variable
conditions (Table 3). In the exterior walls, that present physical and geometrical
non-homogeneousness resulting from the use of struts, girdles or lintels, the dynamic
characteristics were determined on areas of different structures, the characteristics
of the elements resulting as a weighted mean depending on surfaces (Table 2).

Table 2

Damping and Phase Lagging
Phase

Area Damping lagging

h i

1 41.10 -6.27
2 16.87 -9,84
3 24.87 -8.24
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Table 3
The Dynamic Characteristics of Ertertor Walls and Terrace

Element | Surface | Composition | Damping | Phase lagging
<
m*
Wall ! 6.16 Area 1 33.67 -7.30
Area 2
Wall 2 7.95 Area | 33.72 1.27
Area 2
Area 3
Wall 2 15.68 Area [ 39.22 6.53
Area 2
Area 3
Wall 4 3.93 Area | 33.88 7.98
Area 3
Terrace 20.8 58.59 -6.112

The thermal characteristics of the enclosure (heat losses, heat accumulation, nat-
ural ventilation rate) are shown in Table 4. The variation of temperature on the
interior surface of the exterior wall of the enclosure at a harmonic excitation with
an amplitude of 9.2°C and the average April temperature of 10.6°C (living room,
intermediate floor). are shown in Fig. 2.

Table 4
The Thermal Characteristics of the Enclosure
Characteristics Value
Store 1 | Store 3
Heat losses, [W/°C] 15 | 453

Heat accumulation, [W.h/°C] | 3,872 5,494
Natural ventilation rate, [h=1] [ 0.94 0.70
Volume of enclosure, [m?] 54.9 54.9

1t
10.9+
10.81 >
10.7+
10.61
10.51
10.4

Temperature, [°C]

10.37
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Time. [h]
Fig. 2.- The variation of temperature on the inte: or surface of the exterior

wall (exterior harmonic excitation with the amplitude 9.2°C and average
April temperature 10.6°C); = wall I; {H— wall 3; —e—e—e- terrace.



Bul. Inst. Polit. lasi, t. L (LIV), . 1-1, 2004 83

The response of the enclosure to a harmonic excitation of the outdoor temperature
of 5°C amplitude and average value of 15°C (December month, City of Jassy), given
by the variation of the indoor air temperature if the heating source provides constant

heat so that the air temperature should be maintained at standard norms (20°C) is
presented in Fig. 3.
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Fig. 3.~ Variation of indoor temperature of enclosure to a harmonic excitation

of the outdoor temperature of 5°C amplitude and average value -15°C: —¢— e
indoor air temperature (store /}; - indoor air temperature (store 2).

The obtained results so far allow us to determine the dam ping coefficient depend-
ing on the amplitudes of indoor and outdoor temperatures variation

A
13 v e,
(13) e

It can be seen that the value of the damping capacity for the top floor is higher
that the one for the intermediate floor. due to the terrace roof.

When 12 h cut-off of the heating plant is considered, a decrease of the indoor air
temperature is recorded (relation (11)) as well as of the temperature on the interior
surface of the exterior wall (found by using finite differences method) - Fig. 4.
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Fig. 4.~ Variation of temperature indoors and on the exterior wall when the
heating plant is switched off (the same enclosure); —s—x- - indoor air
temperature: —e—o-e- temperature on interior surface of the exterior wall.
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4. Conclusions

Creating a comfortable micro-climate inside buildings is one of the essential exi-
gencies of buildings hygiene. The indoor air temperature has a vital role in ensuring
the thermal comfort and involves a certain correlation function of the temperature
of the room closing surfaces. This is important both in identifying the condensa-
tion hazard where the thermal resistance is minimal, and in evaluating the extent to
which comfort requirements are met. The algorithm we built enables us to determine
the necessary values when the interdependence between the two aspects is being as-
sessed. The program ensures the thermal analysis of enclosures depending on their
position within the building, the thermal characteristics of the component elements,
the random character of the exterior parameters and of the service conditions.

Received, May 7, 2004 Technical Unwersity “Gh.Asachi”, Jassy,
Department of Cinl and
Industrial Engineering

REFERENCES

1.Fragnaud F.,, Groleau D, Marenne C, Méthoede de transfert harmonigue.
Energetique des batiments. Calcul des enveloppes. PYC Edition, Paris, 1988.

2.Bliuc I, Rotberg R., Utilizarea modelelor armonice in analiza comportdirii cladirilor
la transfer de cdildura. Simp. “Interactiunea constructiilor cu mediul inconjurator”, Ed.
Soc. Acad. Matei-Teiu Botez, lasi, 2003, 125-124.

3. Bliuc I, Rotberg R, Dumitrescu L. Analiza comportdru elementelor de
inchidere pentru clidiri la transfer de caldurd in regim variabil prin metoda cuadripolu-
[ui térmic. Simp. “Realiziri si perspective 1n activitatea de constructii gi in invatamantul
de specialitate”. Vol. 1, Ed. Soc. Acad. Matei-Teiu Botez, Tasi, 25-26 Mai 2001, 137-142.

4. Valcea E. Indrumar de protectare in Fizica Construcfulor. Ed. Tehnici, Bucuresti, 1976.

5. . * . Cercetdri primind sursele de vapor: in locuinfe cu mdsurt de prevenire a condensului.
ICPROM, lasgi. Faza 1, 1988.

ALGORITM §I PROGRAM DE CALCUL PENTRU
ANALIZA REGIMULUI HIGROTERMIC IN LOCUINTE

(Rezumat)

Se propune un program pentru calculul nestationar al regimului termic al cldirilor. La intocmi-
rea programului s-a folosit un model armonic. Prezentarea detaliati a algoritmului de calcul este
urmati de un studiu de caz intocmit pentru o incintd cu structurd din zidarie portantd situata la
nivel intermediar §i terminal, in regim de iarnd, la intreruperea functionirii instalatiei de incilzire
st in regim de vara.



