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|.Introduction

Energy savings in buildings heating is very important because of the
amount of needs compared with total emergy requirement.

In 705 many nations started creating rules and also facilities for
thermal insulation of buildings. In the same time, for reaching more
savings, also for existing buildings, the intermittent heating studies
and experiments received new impulse (1,2,3,4,5,6,7,8,9,10,11,12).

The dynamic thermal performance of buildings is not simple: during the
transient periods complex heating exchanges are present between parts of
building, inside and outside; only using the computer we can, with a good
accuracy, take count of it (13,14,15,16).

The problem solution is very simplified if the building is planned as an
omogeneous and isothermal body (17) and by the use of the average season
efficiencies of heating system (18,19,20).

2. Expression of energy savings in intermittent heating

The energy Savings in intermittent heating are expressed by
s=1(Q -Q)/q =1-4Q./q) (1)
c i e i'e

where Q.(J), Q;{J) are respectively the building needs in continuous and

intermittent heating.

The amount of Q. is known with a good accuracy from

Q = Cg+V+D
[
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where Cg (W/m'-°C) is the building total volume heating exchange
cosfficient, V (m') is the building volume, D (°C:s) the degree-days. The
expression (2) is very often used because of its simplicity in heating
verified in the experimental measurements

!ost frotn the body must be equal to the heat released from storage. Th
integration of the energy balance equation is ) ’

e

2ol ey gy

caleulations, and it is
for not too light buildings, see for instance (18).

|

i.
i
!

-(t/1)
e

(T-1 ) - 3
L I(Tsp T )= (s)

especially
ou
essed as a function of the average external

The degree-days can be expr
eating season and of its lasting pericod d(s)

temperature Tgy, (°C) of the h

where T i =poi
i sp is l:hg? set=point temperature assumed as starting temperature in
the cooling period, T is the time constant expressed by

p=(r -T J)d (3)

sp ou Fom :
S )

where rsp is the set—-poin f
Et eratur 18 internal eat re e rate 1 the il ing heat

inside temperature lower equation is, in the same way:

Generally the degree-days are caleulated with an
than Tg, because of the free energy supplies. In the present work we take i
P R =
: e (/1)

no count of it. ' (T-7T Y /(T ~-T =
5 ; . el 1 sh £ sh) ! (7)
The energy needs depend also on the heating system efficiency 1n heatiog B i hee IF y ;
. . s B . s i :
ceason, so the fuel savings finally are piven by g, & i 4 slh 15 Che starting temperature during the heating period, T, is
. nal temperatur~ reached in the balance conditions and given byf
E=(Q /e -Q. /e )/q /e )=1-(c Je Q. g )=1-C(e /& )(1-s) (4) it
¢ © e C (B S S - ¢ i i Wed=CgV(T -T ) -
= E . x A £ ou 8
! where €., Ej are the medium wvalues of the efficiencies plotted in the <8
b |f heating season, continuous and intermittent heating respectively.
il 1
el -
3 I 4. Lumped capacity method for intermittent heating
ko
4 3. Lumped capacity method ; I _ .
Ht 'rh : . .
¥ E% A e mfprm[tent_ heating is defined by three time periods:
: P tgps time when Tsp is maintained;
: N . s e cooli i i
e The building is planned as an homogeneous and isothermal body, having a = L I:C ' o :“3 ““"" (heating system off);
| X 5 . B 1 ea . .
& surrounding surface in which all thermal resistances heating exchanges 3 c:c-l’i ”:gd' r';"w when the building reaches the Tg,, starting from the
¥ . A & A n erio
95 are concentrated. The schema is depicted in figure I. g p inal temperature.
o The‘ intermittent heating cycle must equal to the sum of the three time
EE periods. In a daily cycle that we ar . . =
i 4 " hours, is e considering from now on, time in
A v, Cuy CE Vi GER): = Bag )
- ¥
13 : | L+t +t =24
T(t 4
5 (t) B o sp c h (9)
'| “ . _‘| Given the wvalues of outdoor and indoor temperature Ty T S —
20 4 b decid th . & s : U sp?
i B c! : e intermittent heating program by choosing two of the three time
LY. per:o{ s, for instance t. and tp because it is easier than using t From
I spe
3‘1‘_ . s ' o . the (5), (7), (8), we have the following equation by which !:hozIJ
" Fig. |. Building = lumped capacily body; Cppy (J3/ C) is the build- needed for maintaining the program is determined power
"‘ ing thermal capacity; S (m?) is the surrounding surface; |
", T (°C), Toy (°C} are the body and outside air temper- 7 W=gCgVvI(T =-T ) (ecC/T,E thffl)’,(etcf‘r(erh/-r_”]
“ atures; t{s) the time. e 5@ ou C1o)
1.3 ) i |
e If W, is tl i .
e Q 1e base power, with T, the design external air temperature,

During the cooling period, the outside temperature is constant, the heat
W =t o
o = C8 VY (Tgp = Toy) G



il o 18
il 218 "'
| : 1
{ 266 =
il G 267
itk : i ; A
; and p is the over power coefficient defined as f j represented in figure 2,
a _ _ £ [
lll. p= (W wo) /W (12) L
Hi &
1:: the same coefficient can be expressed by the intermittent programm 5 .l' wb heating ®
e ¢ - ¥
'|l] e
i B plant
1 bt/ T EeafT o EpfT &
';“ AR P T (13) b 118
il g i
' Assuming that the building heating needs are proportional to the supplied :' '
powers, the energy savings during an intermittent heating cycle, in the - Fig. 2. Buildin B
= : and h
$age condlblans. are 5 & and heating system thermal balance
s' = (24 W -(t  -W 4t -W))/24-W =1-t_ [24-(t_[24)-(W/W )= where W
o sp o h o sp h e smok: l'i,sstss‘ W:]: w';’ 3re respectively the fuel heating power the boiler
: e boiler radiari 3 !
C14) heating nesds. 1ation and convection losses, the building

!—tsp,’z«& -(th)‘ZG)(Hp)

Wp, We and W
5 r dre constant, W, and Wg are supplied and lost when the

burner 15 on dur
uring the rtri
me period tOI‘I' ”r 1s lost for the entire

heating season : -
period d. W, is v 1 i ’

R u arying with the buildi :

the maximum value comes from the equation (12) ilding heating load,

We can see that in the energy saviogs equation there are oaly two
parameters, the heating program tsps Ler Epy and the over power
coefficient p. The parameter p, besides, depend on the heating programm
and on the building thermal time constant. Thus, supposing that a given

heating programm is the same for the entire heating season it comes out e R
= B
o 17)
s' = s (15) W defines the bu
: rrer power W, by me %
; efficiency el ans of the heating system nominal
s From equations (1) and (2) it comes then
g
i Wo=We=(i
e | & +
Q = (l-s) q = (l-s) cgVv D (16) g i b p) ‘n‘olc A
i < #
gl
. . ; ' =l=-w/u -y b
expressing the building epergy needs in intermittent heating. "r s b Tfh‘b = E ) (19)
N where
Bl
. i P g
o 2 ; e o £ /M s o o=y
5. Average season efficiencies of heating system R s b r b (20)
B 5 The terms &', 7 and ¢ :
o =c .08 ~iY - dre given generally as a Ffuncti
i ) ) i g related to the heating type, continuous G e S ton of the power W ,
- We are referring to the most general heating system, of the traditional i’ E power coefficient p; p equals zero i A ermittent, through the over
{ : : i zero i { :
type. The hypothesis are the followings: e 5 N the continuous heating type.
k- i F ; , 5 L e i ;
% - the heating system is of the centralised type, the boiler is separated NSl average heating season factor is
from the building; g 5 _
b = the burner regulation is on-off; ‘f N ;% (Tsp - TouJ FAT. =T ) (21
G = the boiler temperature is constant; 5 ";‘ h = =8 o
i . . F : 4 il wher F
L1 - the automatic regulation is made on the thermal carrier fluid ¥ e it ?dep‘ T_D'-" Toy are respectively the set-point temperat |
¢ temperature, its efficiency equals one; 151 e design cemperature and the outside average season t iRt
s 7 5 ? 3 T § va 2 h n tem !
iE - the fuel is gaseous or liquid, without unburat; ue, as before said. PATAEULR dl
I - the heating system thermal inertia equals zero. S ¥e can express the Season average value of th = 3
: ¥ e efficiency ¢ by writin .
’ g 1

! i A i b Ui t i
The Theat balance of the whole, building and heating system, Iis . he burner balance of the heating season




268 269
W o- W) - W -d = 22 :
Eb 3 t.. : Q (22) The enervgy s.avmgs are on the contrary high for building having 1
= R 53) thermal inertia and for long t.. B A
b on
" 2 t =10 (h) T =50 (h =
Thus, the season average values of the efficiency in the continuous, €., 4 pe = ) tmaad K
\ and intermittent, £;, heating are, taking count of the expressions (22, .. ‘0l
(i, Ce), (i18), (19), i 3V
18 ¢
- - - AT Jip
e =g-g'" m/ (e£-m+ 1) (24) el
c { e [ c { |
e = geelm/ (eom m) (25) e
i : 1 i ;
5 )
where the subseripts c¢ and i refer to the continuous and intermittent i
heating. . __:I
2 -
by 3! T
B o 20 4 60 70 1000 1
s i
; e~ 13 ;
6. Results B G Fig. 3. Over-powers as a function of building time constant
W

(a)
al, £ (B), e (e)

The expressions (5) and (7) show as building cooling and heating speed

increases when the time constant becomes lower. The Lime constant I 0,5

repreesnts therefore in a synthetic way the building thermal inertia; in L ol
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generally high, except for little inertia buildings, short t. and/or for Fig. 4. Intermi’tent heating energy savings as a functi E
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The equation (14) shows that the energy savings in the intermittent
heating are Ffunction only of the intermittent heating program and of the
building thermal inertia. It shows also that the energy savings are
varying inversely to over-power, so they are rapidly decreasing as the
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7. Conclusicns
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walls as the internal one, the same ratio is near to 0.1
hand the lumped capacity method validity
thermal insulation increases.

- On the other
increases as the building

The results obtained are good and

in accordance with other authors,
researche and studies.

The results, besides,
are generally little for houses in

and a thermal inertia commonly used.

show as the energy savings
Presence of an intermittent Program

The energy savings reduce taking into account a

system and may be they are alsa negative dependin
efficiencies and losses and also on the climate.

traditional heating
g it on the system

We can say, therefore, that the intermittent heating does not afford so

many energy savings as expected. Conclusions are unlike for other type of
buildings, as school, offices, where the heating intermittance and the
thermal inertia can he very different.
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