DESIGN OF A SMALL RESIDENTIAL HEATING SYSTEM

Sizing of the heating system for an apartment.

The following temperature diagram, relative to a cross section of a flat wall of a certain
thickness and with a given thermal conductivity, has been used. It concerns the temperature
distribution between the external environment (T,) on the right and the internal one (T;) on the

left side.
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Thermal bridges haven't been taken into account. The thermal bridge is defined as the
constructive discontinuity present in any building structure, whether it is built with traditional
techniques, either with industrial technologies. For constructive discontinuity, it is intended that
part of the structure of a building that has thermal characteristics significantly different from
those surrounding. A peculiar characteristic of the thermal bridge is the thermal power dispersed
whose size is much higher than that of the neighboring areas.

A thermal bridge, adversely affects on the insulation of a building because it constitutes a
privileged escape for the heat exchange to and from the outside.
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Water circuit to feed the radiators.
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Temperatures:
Rooms Temperatures: T;:= (20 +273.15) K,

External environment Temperature: T, := (0 + 273.15) K,
Inner wall Temperature: Ty, := (19 + 273.15) K,
External wall Temperature: T, = (1 +273.15) K,
Water supply temperature: T, := (75 +273.15) K,
Return water temperature: T, := (55 + 273.15)-K

Temperature difference between the average temperature of the water and the environment:

T+t T
AT = LA S

~T,,  AT=85K

Height of the walls: hpar =2.9-m,
Height of the windows: hg/, := 1.60-m
sol = 0.25-m,
Thickness of the walls: Bp =0.70-m,

Thickness of the floor: h

Plaster thickness: ‘Sinto = 0.02.m,

Gap thickness: &, = 0.01-m,

internal surface heat transfer coefficient: o; := 6.0-S;
External surface heat transfer coefficient: o, := 25.0-S,
Safety factor: Cg :=1.20,

Coefficient of intermittency (24h): C; := 0.2

Emission efficiency: 1, := 0.94,

Regulation efficiency (on-off): n. = 0.94

Distribution yield: n4 := 0.98

. kcal
Specific heat at constant pressure: ¢, .= 1-——
p P pwW kg K
Calorific value of natural gas: E g = 9603.86. <2, Eqp s = 11,0635
m m

eu:=1

Cost of natural gas to Nmc: Cp4 = 0.848. 24 ;
m3

VAT: VAT := 0.22

Times considered for the calculation of costs:

1
month = —1——2—-yr, t:= 24-hr, tyr := 5.month

t

yr = 162.184-day,

Days of heat generation: Ndays = Ttgl_[a; 3 Ndays = 152.184 ,

Outer perimeter:
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Pestern =17.41-m +6.49-m +7.89-m + 4.60-m + 9.45-m + 6.49-m + 4.60-m, pestern = 56.93m ,

Plant Area including the walls of the house:
Atotest = 17-41:m-6.2.m + (17.41-m - 7.89-m) -4.60-m Ay yogt = 151.7m
Area of external walls:

2
Aestern = I:)estern'(hparJ“ hsol) » Agstern = 179.33m" , hgg = 0.25m
External volume: v_g.,,:=[7.89-m-6.4-m + (17.41-m - 6.4-m)-(6.4-m + 4.60-m) ]-3.0-m,
3

) A + A -2
S / V ratio: _stern " totest® _ 935 1
estern m

Perimeters of the individual chambers considering doors:
bedroom: p := (5.07-m + 5.05-m)-2 + 0.58-m-2 + 0.58-m-2 , pg = 22.56m |,

room 1: p.q :=(3.29-m +3.12.m)-2 + 0.58-m-2 , p.q = 13.98m ,

room 2: po = (3.12:m + 3.69-m)-2 +(0.58-m-2) , py = 14.78m ,

room 3: p.s = (3.57-m +3.07-m)-2 + 0.58-m-2 , py3 = 14.44m ,

Bathroom: pp, = (3.07-m +1.42:m)-2 + 0.58-m-2, pp, = 10.14m

kitchen: pyiich = (4.02.m + 4.85-m)-2 + 0.70-m-2, Pkitch = 19-14m ,

corridor: p . := (2.29-m + 4.78-m)-2 + 0.44-m + 0.70-m-2 + 0.58-m-2, Peorr = 17.14m
Total perimeter: peryq; == Py +Peq +Pe2 +Pe3 + Ppa + Pitch + Peorr peryet = 112.18m .

Areas of the individual rooms considering doors and windows:
Bedroom: Scl = 6.07-m-5.05-m +1.56-m-0.58-m + 2.19-m-0.58-m + 1.12-m-0.70-m,

S, = 28.563m>

cl ™
room 1: Sgq := 3.29-m-3.12:m + 2.02:m-(0.58-m) , S, = 11.436m° ,
room 2: SCZ =3.12.m-3.69-m + 2.02.-m-0.58- m , Sc2 — 12.684m2 ,
room 3: Sgg := 3.57-m-3.07-m +1.20-m-0.58-m , S, = 12.684m> ,
Bathroom: Sy, := (3.07.m-1.42.m) + 0.94.m-0.58-m, Sy, = 4.905m°

kitchen: Skitch = 4.02-m-4.85-m + 1.30-m-0.70-m, Skitch = 20.407m2 i
corridor: Scorr =2.29-m-1.42-m +4.78-m-1.42-m + 1.37-m-0.70-m + 1.19-m-0.58-m,

2
Scorr = 11.689m*
. 2
TOtal al'ea. StOt = SC| 7+ SC1 + SC2 + SC3 + Sba e SkitCh =+ SCOIT ; Stot = 101.339m .
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Windows Area:
Bedroom: Afy = (2.18-m +1.56-m)-hs,  Afy = 5.984m°

room 1: Afyyq = 2.02-m-hg Afyq = 3.232m?
room 2: Afp = 2.02-m-hg, Af = 3.232m>
room 3: Af 5 := 2.02-m-hg; Af g = 3.232m? |
Bathroom:  Afy, = 0.94m-1m,  Afy, =094m’ |
kitchen: -~

corridor: Afporr = 149-m-he,  Afgory = 1.904m’

Volumes of the rooms considering doors and windows:
Bedroom: Vg = Serhpgr—1-m070-m1.422m , Vg = 82.047:m°

room 1: Vgq = Spq hpar 5 Veq = 33.166m°,

room 2: Vgp == Sp-hpgr » Voo = 36.785m°,

room 3: Vg := Sc3'hpar » Vo3 = 33.802-m3,

Bathroom: Vpg = Spahpars Vg = 14.223-m°

kitchen: Vigtc = Syitch Npar— 1-Mm-0.70-m1.30-m,  Viyep = 58.27:m°,

corridor: Voot i= Sorr-Mpar— 1:37-m-0.70-m-4-m, Voo = 32.938:m’,

Total Volum: Vi = Vo + Vg + Ve +Ves + Via + Vkiteh * Voorrs Viot = 291.231-m° .
Vestermn— Viot = 223.587-m°

Areas of the interior walls of individual rooms, considering
windows and doors:
Bedroom: Ap = pcl'hpar - Apg| = 65.424-m2 )

room 1: Ap.q = pc1’hpar » Apgq = 40.542-m2,
room 2: Ap.o = pc2‘hpar s Apgo = 42.862-m2,
room 3: Apg3 == Pahpar »  APc3 = 41.876:m”,
Bathroom: Appg = Ppa'hpars  APpg = 20.406:m”
kitchen: Apytcp, = PkitchMpars  APkitch = 55-506-m”,

. 2
corridor: Ap.q = pcorr'hpar’ Apcorr = 49.706-m™,
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Total area of the interior walls:

2
APtot = APl + APgq +APgo + APy + APpg + APkitch + APcorrs APtot = 325.322:m

=

, _l(_m=1

1w

Thermal conductance units: ST =

2~
3, 3,

Thermal resistance units: Q = T kQt = 103.QT

Thermal conductivity of the walls and the inner and outer layer of plaster:

W W W

at25°C o= 1 7 v Mufo=1- 7 >‘|nto = Naria = O'OZG'W

Heat demand per cubic meter:

KW-hr

m -yr

Annual energy requirements: Pfabbyr = 50.

Room's Requirements:
Bedroom: FCl = VcIPfabb s FC| = 2.872-kW , Fcly = ScI'Pfabbyr’ Fcly = 162.92W

room 1: FC1 = VC1Pfabb 5 FC1 = 1161kW, Fc1y = SC1 'Pfabbyr’ FC1y = 65.233W

room 2: FC2 = VcZ’Pfabb y F02 S 1.287-kW, Fc2y = SCZ’Pfabbyr’ FCZY = 712.352W

room 3: FC3 = Vcs-Pfabb . FC3 e 1.183-kW, FcSy = ScB’Pfabbyr’ FC3 = 1.183-kW
Bathroom: Fi, = Vjo-Prapy:  Fpg = 497.817-W, Fua = Spa-Prappyrs Fpay = 27.976W
kitchen: Fyitch = Vitch Prabb+ Fkitch = 2:039-kW., Fyitohy = SkitchPrabbyrs Fkitch = 2.039-kW
corridor: Foorr = Veorr-Prabb» Foorr = 1:153-kW, Foomy == SoorPrabbyr Feorry = 66-672W
Total Requirements: Fyy; = F + Foq +Fgp +Fog +Fpg + Fiitch + Feorrs Fiot = 10.193-kW.

F
tot _ 306.803 kW:-hr

tot m".yr

kW Prabbyr W
3’ = 0.0006m , Pfabbyr: 5.704-— ,

m ch4 m
Total energy demand:  Fyqy = Fyy + Foqy + Fopy + Feay + Fpay *+ Fkitchy * Feorrys
MW.hr
V.

Stot Prabbyr = 0-578-KW, Py = 9.54.

Froty = 5-067-
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Fioty KW-hr

Y 17.398.
Viot m3~yr
Ptabboyr = W, Pgpy = 9.54-%
Atotest Prabbyr = 0-865-kW, Pcpy = 9.54-—,
m
Ptabbyr w

= 0.5979-mm,  Pyyppyy = 5-704-
Pcha y m?

Consider the heat flow always orthogonal to the layers and identical in every layer.
M = Npto 22 = Myfo » 23 = Nnto
Ay 22 A3 m
Ingeneral P = a-(ﬂ - T2) = g-(Tz— T3) = g.(T3_ T4) = -é;‘m(T"'_ Tm)’

in our case:
Nnt Muf Nint
P= -——--(T1 —T2) = —g—--(Tz—T3) = ——-(T3—Ta),
int tuf int
8¢ = dinto + Op + dintey
M
=5_t.('r1_'ra),
MM 22 A3
5 (T1-Tg) =P, —6—;-(T2—T3) =P, -é;(T3—T4) =P,
8 84
T4-To=—P , T2—T1——>—\—-P,
1 1
8 § 8
T2—T3=—2P, T1——-1-P——T3=—2- '
N M Mo
8 § 8 8
P e P I D e
L A2 1
03
T3—-T4-->-\g~P,

8 8 8 e el
T1-— -—2P+——1P -—T4———-—P, T1—T4— ———1+~—g—+-§’ B,
A2 1 MoXN N

(T1——T4)
P=—(T1-Ty) = ;
t 01 ,% %
Mo
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L e e
MM %
j=1

5 a8 s

t j

RT= — s

M Z j

j=1
T=F
P e P 28.5—1—2-W
) Sinto b 6p Sinto . m

i &

%  Nnto Mufo Nnto ©a
0; ) d;

Thermal Resistance: Rt:= (l + AL i P + L ik _1_], Rt =0.702-Q, ST = 1'““\2’““

% XNpto Mufo Nnto “a m~-K

Transmittance: U = ~, U=1.425-57, U = 14252

Ry m®.K

Power dissipated by the walls of the rooms at 25 °C without insulation:

Bedroom: Pt = P-(Apg +S¢i2) » PDletto = 3-493-kW,
room 1: Ppet = P-(Sg1-2 +Apcq) Ppc1 = 1-807-kW,
room 2: Ppe2 = P-(Sc2:2 +Apcp) » Ppgo = 1-945-kW,
room 3: Ppes = P-(Sc3-2 +Apcs) Ppc3 = 1.858-kW,
Bathroom :  Pppatp i= P(Spa-2 +APpg)s Pppgath = 1:118-kW,
kitchen: PDkitch = P-(Skitch'2 + APkitch) »  PDkitch = 2-745-kW,
corridor: Pbcorr = P(Scorr2 +APcorr) »  PDcorr = 2:083-kW.

Total power scattered by the walls (not insulated):
Ppt == Ppletto + PDct + Pbe2 + Pbe3 + PpBath + PDkiteh + PDeorr

Ppt = 15.048-KW.

The power to be supplied by the source is given by the sum of the energy requirements and
losses: Ptot = Ftot +Ppy,

P .
Prot = 25.241-KW. e 0.0a7
APtot + 2-Stot mZ.yr
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P .
LI i

APtot + 2-Atotest mZ.yr

Power to be supplied to individual rooms (not insulated):
Bedroom: Pletto = PDIetto FoFga Pletto = 6.364-kW,

P ! P )
letto _ 455.229. kV;I hr : letto _ 679.947 kW-hr
Apc) +2-S¢ m”.yr cl m".yr

room 1: Peq = Ppet +Fel s Pgq = 2.968-kW,

P y P :
¢ — 410.278- kV;’ hr _c1 _ 7g4.4g. KON
APcq +2-S¢y m2.yr Vel m”-yr

room 2: P2 = Ppeo +Fo2 s Pop = 3.232-kW,

P ! P '
¢2 ~ 415.227- kV;’ hr G2 _ 779.49. KW-Nr
Apcp +2-Scp m2.yr  Ve2 m™-yr

room 3: Pc3 = Ppe3 + Fc3 4 Pc3 = 3.041-kW,

P g P 1
= _ 408.91.KWhr  7c3 _ gg 5gg. KW

APc3 +2:Sc3 m2yr  Ve3 m".yr
Bathroom : PBath = PDBath + Fba y PBath = 1.615-kW,

P . B .
Bath _ 361_099.kw hr : Bath 3 995.588-kW hr

APpa *+2:Spg m2yr  Vba me.yr
kitchen: PkitCh = PDkitCh + FkitCh 5 PkitCh = 4.785~kW,

P, . Py :
kitch _ 435_428_kW hr , kitch 4 719.756-kW hr

APkitch + 2-Skitch mZ.yr Vkitch m3.yr
corridor: Pcorr = PDcorr + Feorrs Peorr = 3-236-kW,

P . P .
corr _ 388.096- kW-hr , corr _ 861.112-kW hr‘

APcorr * 2-Scorr mZyr  Veorr m"-yr
Limit values of energy performance for winter heating climate zone C (South Italy)

(with S /V = 0.91m"1) = 15.6
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Average density of energy per year:

P P P P :

1 letto N el A 2 ¥ c3 -l 410.609‘kW hr’

T | Apci+2:Sg) Apcq+2:Sgq  Apcp+2:Sep  Apgz +2:Sg3 m2-yr
PBath « Pitch l:’corr

+ +
APpa +2:Spa  APkitch + 2-Skitch  APcorr + 2-Scorr

Pletto N Pei N Pe2 - Pe3 _ 799 952'kW~hr
Vel Ver Vo2 Vi3 m3-yr
PBath  Pkitch  Pcorr

+ + +

\ Vba  Vkitch Veorr

Pletto+ Pc1 + Pc2 + Pc3 + Ppath * Pritch *+ Peorr = 25.241-kW,

~N | =

Pletto * PBath * Pkitch + Pcorr = 16-kW,

) P
Necessary volume of gas at a timet = 24-hr, Ecphg = 11.053: SVHir t- ot = 54.807-m3,

m3 Ech4

P
tyr = 0.417-yr for five months: t~Ndays-—é—tit-(1 +VAT) = 10175.735»m3 g

ch4
tyr = 0.417-yr Cost per semester with VAT = 22.% and considering the coefficient of

P
intermittency C: Ci’Cch4'(t'Ndays'"g‘£9‘t‘J'(1 +VAT) = 1725.805-eu
i chd

monthly cost with VAT = 22.% and considering the coefficient of intermittency C.:

P

tot | 1+ VAT

Ci'cch4‘(t'Ndays‘ £ ) = 345.161
ch4

5
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Insulated chambers:

Choice of the Insulator:
W

Solid brick: =0472——,
>\matt m-K
w
malta: =093 ——,
Amalta m-K
Extruded brick face view: N4, = 0.285-—V—V—K— :
m.
. w
Lime plaster and cement: N\piocc == 0.930-—? ’
m.

Lime and gypsum plaster: >‘intocg = 0.015-%,

Rockwool dpd: N\ qc = 0.037---—\/1K » Orocc = 0.40-m, Dim.:1mX0.60m
m.

Cq :=2.45-eu

Rockwool dp4: Noce50 = 0.037~% s drocc50 = 0.50-m, Dim.:1mX0.60m
Cqrck4 := 3.20-eu

Rockwool dp10: N\ occ10 = 0.035——&\/—.\% » 8r00c10 = 0-20-m, Dim.:1mX0.60m
Cqrck1 := 2.90-eu

w : .
Oak wood: >‘quer i= O.OS-FK— - coibq = >‘quer’ Dim: 1.20mX0.50m,

eu
Cq1l := 0.90~—2 3 Squer = 1.em
m

sheets of cork: )\SUQh b= 0.037-—';]!\/—’2 g1 oolby = xsugh,Dim: 1.20mX0.50m,

eu
Co2 = 5.90~-—2 2 5sugh = 1-cm
m

plasterboard: >‘crtgs e 0.024~—W—K- , coibg := >‘crtgs’ Dim: 1.20mX3.0m,
m-

eu 2
=1.2m-3.0m  Cg3:=0.90-—-1.20-3.0m", d1 :=1-cm
m

Acrigs
| : = 0.05-—Y_, coibg = Dim: 1.20mX0.50
poystyrene.xponsmo =0 .m,cm 4= Xpolistiro’ im: 1.20mX0.50m,

eu
Cq4 = 0.90———5 ’ ‘Spolistiro =1-cm
m

polystyrene dibipor 70: Xjipizg = 0.0039:—, coibs == Xjipi7o » Dim: 1.20mX0.50m,
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Cq5 = 0. 90 6d|b|1 =1-cm
m

polistirene dibipor 70: DAibiz. = 0.0039-—\/—\—,'2, coibg := Nibi70 Dim: 1.20mX0.50m,
m.

eu

— Odibi2 = 2-cm

m

polystyrene dibor 100: >‘d|bor1 00 = 00035—W-R, coiby := )\dlbom 00 Dim: 1.00mX0.50m,

Cg6 := 1.25.

Cqdibor := 2. 0.4 » ddipor = 3-cm
m?

PU: Myin30 = 0.023-%, coibg := Myin3g» Dim: 1.20mX1.20m,

CC]8 = 14 5twm30 3-cm
m

w . _
PU: Myinag = 0.023-—,  coibg = Nyingg, Dim: 1.20mX1.20m,
Cq9 :=19.20-eu, dtwin4o := 4-cm

w . "
P.LR.: >‘pir4 = 0.028-——12 , coibqg = >‘pir4 , Dim: 1.20mX0.60m,

Cqg10 = Do 5p|r4 = 4.cm
m?

P.lL.LR.: xpir5 = O.OZS.ﬂ.K , coibqq = xpir5 , Dim: 1.20mX0.60m,

Cq1le= il 6p",5 =5.cm
m?

RF3: ARF3 = 0.023-——Vyk~, coibq2 = ARF3 Dim: 1.20mX1.20m,

Cqi2 “‘0-——- 6RF3 = 3.-cm
m

RFS5: \gp5 = 0.023-———\/\,—K ,» coibq3 = \gp5, Dim: 1.20mX1.20m,

Cqrfs —O——— dRE5 = 5-cm
m

FIBERKENAF PAN-1: = 0.039-ﬂ, coibqg = , Dim: 1.20mX1.20m,
kpan1 MK kpan1
Cqgfkpant = 0 5fkpan1 =5.cm
m

FIBERKENAF PAN-2: M 010 = o.o4o-—V—VK, coib15 = Mpan2+ Dim: 1.20mX1.20m,

Cqafkpan2 := 0= 5fkpan2 §.-cm
m
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w
VACUUM: oo := 0.004-—,

THERMOFON:  Nporm = o.oonﬂK, Stherm = 4-mm
m-

Each inner wall is separated from the insulating material by an interspace.

The calculation of the conductivity of the layers must then add the effect due to the air layer
and the insulation.

Thickness of the Gap: 5intercap = 0.03-m, 5intercap =3.cm , dcrtgs ;= 1.5-cm

Thickness of the insulation: dcoib = Orocc: dcoib = 40-cm
Insulating chosen: Aeo = Noce Ao = 0.037~le
m.
881t = djpto + 6p +8into * daria + Scoib * dcrtgs
A
(I)T = OLrA-(Ti =5 T1) = >\~—g-(T1 = T2) = OLa-A-(Tz- Ta) ’
P P ®
ATl R A sl
(o4A) (o4-A) (x.f_\)
)
® P o ® P
T Ty o Ty = Ty o Ty T =
G g (o)
3 5
) P ®
T _ p it T = T

—
|
-]
|

NCONCEN NN

d

oy B i (PR L9
Q4 OLa A ]

_ A(Ti-Ty) (Aptot + Stot)(Ti~ Ta)
hi . magie (5into 8  Sinto Oaria Ocoib 6crtgs)
Py el + " o % +
Nnto Mufo Nnto Maria  *co >\c:,rtgs
(Apgot + Stot)(Ti~ Ta)

1 )
OLi O‘a A OLi OLa

@T = ’
1 1 (‘Sinto 5p dinto  Oaria  dcoib 5crtgs)
—_+— + + + + + +
% A3 (Nnto Mufo Nnto Maria  *co  erigs
® = 0.681-kW
5S1t wW

» M = 0.095. ——
i m-K

A=
dinto 5p Sinto Oaria  Ocoib dertgs
- + + - +
Nnto Mufo Nnto Maria  Mco >\crtgs
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3; 3 d; dari Dt
Thermal Resistance: Rcoiby := —1—— +( into + P + into + Ll + coib + 6Cﬂgs] +—I—,
o |\ Nnto Mufo Nnto Maria Mo erigs) @a
RCOibT = 12.522~QT,
: . ) 1 mW
Transmittance: U,y = ———, Ueoip = 0-08-St, Ucoib = 79.858-——2
Rcoibt K.m

P6 = 1.597.—\’%
m
bl P 94.396-%,

5, e piapmA mget = T
Thermal Resistance: R57 =  + 00 , P Jinto  “aria | Teob 1 g5 _ 44.897.01
%  Nnto Mufo Nnto Maria Mo “a

1 dinto 5p Sinto dcoib  dtherm o dcrtgs

+ -1—, RGT = 12.678-9']'

R61:=— + + - + +
%  Nnto Mufo Nnto *co Mherm crtgs  %a
Transmittance: U5 = ——, U5 = 0.084-S, U5 = 84.053.%\’—\’—
RoT m~-K
U6 := —1— , U6 = 0.079-S, U6 = 78.876-—m——v—v—

Power loss through the walls at 25 °C with air
Bedroom: P6p4to = P6.(Apcl . SCI-Z) :

gap and insulati

mo

PDletto ~ PPDletto

PDletto = 3-493-KW, = 94.396.%

PDletto
room 1: PBpe = P6-(SC1 ] +Apc1) , :
Pnnq — PB
Ppc1 = 1.807-kW, So0 oL 7\ T
Dot
Pneo — P6
Ppc2 = 1.945-KW, De2 ~ "PDe2 _ g4 396.9

Foez-

room 3: P6pes = P6-(SC3~2 + Apc3) ;
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Ppe3 — Pépe3

Ppc3 = 1.858-kW, = = 94.396-%
Ded
Bathroom : P6pRath = PG'(Sba-Z +APba) ’ *6pBath =
P - P6
Popag = A48k, _DBath T PODBath _ g qq o
PDBath
kitchen: P6pkitch = I:’6'(Skitch'2 + Apkitch) ’ B
Pot o~ P8
Pogitar, = 2.745-KW, Dkitch Dkitth _ 94 396.%
PDkitch
corridor: PSpcorr = F’6‘(Scorr'2 t Apcorr) ;
Pri e~ P8
Pcorr = 2.083-kW, Dcorr Deorr _ 94.396-%
PDeorr

Total power loss through the walls:
P6py == PEpjetto + PODc1 + PEDc2 *+ PEDc3 + PEpBath + PODKitch + PODcorr

Ppt - Pépt
Ppt

= 94.396-%

The power to be supplied by the source is given by: P6tot = Fiot + Py s

Viot = 291.231-m~ , [BE 11.050-K
Without isolating: Ptot = 25.241-kW

P6 P6
tot _ 245 486. KW.-hr , 1 "Ptot _ _ 166.093. kW- hr

Viot m°. -yr 2 Vit m yr

Limit values of energy performance for winter heating climatic zone C (south Italy)
(with S/V = 0.91m-1) = 15.6 kW hr/m3yr.

P6 P6 P6 P6 ]
_1__ Dletto if Dc1 i Dc2 % Dc3 - dad 27.637-kW hr
7 Vel Vet Ve2 Ves m™-yr
. P6pBath . PBpkitch . P6pcorr
Vba Vkitch Vcorr

Power to be supplied to individual rooms:
Bedroom: P6jgyo = P6pjetto + Fel»

Pletio - P8
Foy = 2.872:kW letto " letto _ 51.803-%

Pletto

room 1: P61 == P6pgt +Fg1 s

Design of a small residential heating 17
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Pgq = 2.968-KW
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Po1-P6¢q

= 57.478-%
Pe1
room 2: P6.o = P6peo +Fo s o)
P5YPs
“02° 72 _ 56.793.%
Pc2
room 3: P63 = P6pcs + Fe3s
P.a—P6
_08” 78 _ 57.671.%
_c3
Bathroom :  P6gath = P6ppath + Fpa» [POBath = D604k
Pl ee
Bath Bath — 65.307-%
PBath
kitchen: P6itch = P6pkitch + Fkitch:
EL . DAY
kitch kitch _ 54.159.%
Piitch
corridor: P6corr = P6pcorr + Feorr
P. —P6
COMT ™ "PC0M _ o 7eq. 0y
Peorr

P = 3.232.kW,

Pes = 3.041kW

Pgath = 1.615:KW,

Pyitch = 4-785-kW

Peorr = 3-236-kW |,

P6Ietto + P6C1 + P6C2 + P603 + P6Bath + P6kitCh o+ P6COIT = 11.036-kW,

P6iot = 11.036-kW

Piot— P6
S 0 sgare %
Ptot
P6 ,
O - 18825
PRt + 2 St m?-yr

I:’6Iet’to P601 P602 l36c3

1
— + + - A
7 Apcl + 2‘SC| Apc1 + 2'801 Apc2 + 2'SC2 ApC3 + 2.803

I:>6Bath I:'6kitch Pe

L coIr
Apba + Z'Sba

+
APkitch + 2-Skitch  APcorr + 2 Seorr
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RADIATORS

heat transfer coefficient of internal and external surface:
W W

OLi = 5—T ’ OLa = 25——2—— ’ OLi = 5ST s ()La = 25-ST
m~-K m~-K
Conductivity of the insulating: Ao = 0.037-——V!K— oj =5-S1 ay =255t
m-

Bedroom: radiator spacing 70cm , power of a single radiator element: pq = 154-W,

F)Sletto ;
P70

Internal volume:V := “cl'%'l-’ Vi = 5L

n. of elements: Ngl = ceil(

Cost of radiator: Cgt10 = "c!'% » Crletto = 220 , Installed: 20-p;q = 3.08-kW.

room 1: radiator spacing 70cm , power of a single radiator element:p7q = 154W ,

P6C1
n. of elements: Ngq = ceil

internal volume: V4 := nc1-%~L, Vgt = 2.25L

P70

Cost of radiator: ¢4 := ”c1"1%9 yC1 = 99 , Installed: 9-p7g = 1.386-kW.

room 2: radiator spacing 70cm , power of a single radiator element:p;g = 154W ,

10 , internal volume: V5 := ncz-%-L, Vic2 = 25L

P6co
n. of elements: Ngo = ceil
P70

Cost of radiator: ¢, := ”CZ‘%Q » ¢ = 110 , Installed: 10-p7q = 1.54-kW.

room 3: radiator spacing 70cm , power of a single radiator element:p7q = 154W ,

P6

n. of elements: n 3 := ceil( p;:] | ! internal volume:V .4 := nc3-‘1‘-L, Vie3 = 2.25L

C f radi - . g | lled: W

ost of radiator: c3 := nc3-—io—, c3 = 99 , Installed: 10-p7q = 1.54-kW.
Bathroom: radiator spacing 35cm , power of a single radiator element:p35 = 88-W,
. _( PBath . 1
n. of elements: ny, := ceil : ; internal volume: Vy, := nb-z-L, Vrb = 1.75L
35

Cost of radiator: ¢y, = ”b‘% » Cp = 63 , Installed: 10-p35 = 0.88-k\W.
kitchen: radiator spacing 80cm , power of a single radiator element:pgq := 172-W,
P6,;
n. of elements: Ny = ceil( pk'tCh} internal volume: V== nkitch%"-’
80
Vicy = 6-5L

Design of a small residential heating 19
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: . 120 §
Cost of radiator: cji.p, = "kitch'”ﬁ » Ckitch = 156 , Installed: 13.pgy = 2.236-kW.

corridor: radiator spacing 70cm , power of a single radiator element: p7g = 154W ,

) I:>6corr - 1
n. of elements: Neo = ceil : internal vqume:VrCO ¢ ”co’Z’L’ Vico = 2.25L
P70

Cost of radiator: c := nco‘1110_0 » Cgo = 99 ,Installed: 10-p75 = 1.54-kW .

Total cost: Ctot = Crletto + C1 + C2 +C3 + Cp + Ckitch * Coor Ctot = 846-eu
P70°(Nel+ Neq + Ngp + g3 + Neg) +P35-Np + PgoNiitch = 11-83-KW.
Total volume of the radiators (water):
Vit = Vgl + Vie1 + Vie2 + Vies + Vip + Viey + Vico
V= 2250 .
Total length of pipes: L1g = (10-m +5-m +2.m +1.m)-2 + (20-m + 15-m + 10-m + 1-m) -2

]

L
—i6-:64m

, ) L2o
Log = (15:m +9-m).2, — = 24m

Volume of water in the pipes:

2
d:
dj1g = 14-mm, Section of the pipe to 16mm:Aqg = w(-—g—gj , A = 1.539-cm2,

Volume: V16 = A16L16’ V16 = 19.704L

2
d.
djog = 18-mm, Section of the pipe to 20mm: Agq = w(—'—ig-] , Agg = 2.545-cm2,

Volume: V20 = A20L20 g V20 =12.215L
Total volume of water in the pipes: V620 = V16 +Voq -
Vig20 = 31.919L

Total volume of water to be heated:
Vrt + V1 620 = 54.419 L

Design of a small residential heating 20

32



Power of Installed Radiators:
Pinstalled = 20-P70 +9-p70 + 10-p70 + 10-p7g + 10-p35 + 13-pgg + 10-P7g
P35 = 88W , pyg= 154W , pgo = 172W
Total power required with non-insulated rooms: Py = 25.241 kW,

Total Power of Installed Radiators: Pinstalled = 12.202-kW,
Total power required with insulated rooms: P6iot = 11.036-kKW
Required power with 4 radiators: 20-p7q +10-p7g +10-p35 + 13-pgg = 7-736-kW,

T;=293.15K , T,=273.15K , AT=65K

w AT )35 -
K35 = 0.578-;—2— , N35 = 1.284 | Dqp = K35.(—5—6—-|Z) , @35 =5 0.81~;‘-—§ ,

N
K70 q = 0.879-—\-,-\,—2- f N70 3= 1.336 , @70 3= K70 <5 ——A—T—-) 70‘3,‘1’70 3= 1 248-"‘\{‘\,*‘ ’
X 3 = = -~ \ 50-K m2

W
m2

gl
50-K

Ngo ;
) ) @80 = 1,356

Kao = 0958*--2- . Nso = 1.325 i @80 = Kao-[
1 [R— T =

®70 3
Ptermo = @35-(Apba ihs 2-Sba)-nb I 3" -1 -(Apc1 & Z'SC']) ‘Neq -
- ‘1’70_10’[Apc2 +Apc3 + APcorr * 2'(302 +Sc3 + Scorr)]‘("cZ Hlgg o+ nco)

©70_3 80
¥ (‘P?o__s R )'(Apm +2:8¢q)ngq + (@80 +=15-3 | (APkitch * 2-Siitch) Nkitch

The power that the radiator sysem ut rdib the locations can also be calculated taking
into account the yield and the coefficients, using the formula:
emission efficiency: Mg = 0.94 ,

regulation efficiency: ne = 0.94 ,
coefficient of intermittency: C;=10.2 ,
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safety factor: Cg=12,

P
Bige =20 o o 00700
rd i Pghsd
Ne Me
Boiler power:
Pry
Pg =—, Pg = 3.063-kW
d
Running time per day: t = 24-hr , Yearly: tyr = 0.417-yr
Pbiot P60t
Necessary volume of gas pro die: Vgasday =t— 3 , for five months: tyr
ch4 Echa
3

Cost of gas per cubic meter: C, 4 = 0.848-m ~,

Total cost with VAT and cons:denng the coefﬁment of mtermlttency C:
t = 24-hr, tyr = 0.417-yr, : )

Monthly Payment with VAT = 22.%:

kW-hr 3
Ndays = 152.184 Echg = 11.063. ——— 5 Vgasday = 23.964-m
m

Reduced power consumption with four radiators not working:

P3 := P6jgtto + P6Bath + Piitch

Necessary volume of gas pro die: V3gasday = t-—EEC-EZ : V3gasday = 12.64m°
for five months: t i = 1923.574-m3 .
¥ Echa

-3

Total cost with VAT and considering the coefficient of intermittency C::
t=24-hr, t,=0417-yr, CECHA e (1 + VAT) -

Cost of gas per cubic meter: Cchg = 0.848-m

Monthly Payment with VAT = 22.%:

™
YSel=1\7 ]
¢ \.»(1«]\//‘/
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The drawing shows the power loss through the walls with and
without insulation.

o ‘ s : '
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Panels number of insulating material for each room.

=1.20-m-1.20-m, Ao = 0.037-% Cq9 = 19.2.eu

Apann :

Apgy— Afg—1.12:m-2.05-m

Apann

npann:= ﬂoor( ) ; npanng= 39 , npann,Cq9 = 748.8

Apn~q — Afnq —1.06-m-2.05-m
npann. := floor i ot , npann.q= 24 , npannc1-Cq9 = 460.8 |
A
\ pann
Appo — Afnn — 0.85-m-2.05-m
npanngo := floor & CZA , hpanngo= 26 , npann,>Cq9 = 499.2 ,
pann
. Apg3 — Afgz - 0.85:m-2.05-m ) ) NG
npann3 := floor A , hpann.g= , npanngzCq9 = ,
\ pann
App, — Afy, — 0.85-m-2.05-m
npanngy, := floor ba bi\ J , npanng,= 18 , npann,;Cq9 = 345.6
pann
Apkitch — 1-20-m-2.05-m - 1.30-m-2.90-m
npann,,:= floor, ,
A
\ pann

npann,,= 34 , npann,;Cq9 = 652.8 |,
Apcorr— Afeorr— 1-12-m-2.05-m - 1.06-m-2.05-m ...
+(-0.85-m-2.05-m-2 — 1.20-m-2.05-m — 1.27-m-2.05-m)

npann.q := floo Pl
p
npann.,= 24 , npann..-Cq9 = 460.8 |
co co

npannyqs:= NPanng|+ Npanng4 + Npann.o + Npanngs + Npanng, + npanng, ,+ npann,,
npannyoi= 190 , npann;,;Cq9 = 3648-eu

Plasterboard
Apg|— Afy—1.12:m-2.05-m
npertase, = floor| ; npcrtgs. = 15 , nperigs:Cq3 = 48.6
Acrtgs

o [APci—Afgy - 106:m2.05m
/WQNWM' A

J ., hperigs.q =9 , nperigs,4-Cq3 = 29.16
crigs

Apco — Afgp — 0.85:m-2.05-m )

npertgseqo ;= floor , hpertgseo = 10 , npertgs5-Cq3 = 32.4
Acrtgs
’ Apc3 - Afgs — 0.85:m-2.05-m )
npcrtgses, = floor, " ,  hpertgsez = 10 , npcrigs,3-Cq3 = 32.4
crtgs

npertgsey, = floor ., hperigsg, =7, npertgs,-Ca3 = 22.68

Apba = Afba = 0.85-m-2.05-m}
Acrtgs
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Apkiteh — 1-20-m-2.05-m — 1.30-m-2.90-m

] ,  nperigsg, =13,

npcrtgse,,-Caq3 = 42.12
AP corr = Afgopr — 1:12:m-2.05-m — 1.06-m-2.05-m ...
+(-1)-0.85-m-2.05-m-2 — 1.20-m-2.05-m — 1.27-m-2.05-m
Acrtgs

nperigs,,, = ﬂoor[ 5
crtgs

npcrtgs,, := floor , hpertgsg = 9,

npertgsg,-Ca3 = 29.16-eu
npcrtgs;qt := Npertgsg + npcrtgs,4q + nperigs.o + npertgsgs + npertgsgy, + npertgsg, + npertgscg
nperigsyqt = 1, Npertgsya-Ca3 = u-eu
npanniqi-Cq9 + npertgsyyy-Cq3 = s-eu

IKEA TUNDRA laminate flooring cp,, = 7.99.—6% ,
m

Each pack covers:s .y, := 2.39-m2 .Coonf = 1910
cost for each room:

s
Bedroom: Sg-Cpay = 228.214 , N. of packs: ceil( 2 ]: 12

Sconf
Sc1
room 1: S¢q ‘Cpav = 91.377 , N. of packs: ceil =
Sconf
Se2
room 2: Sc2'°pav = 101.348 , N. of packs: ceil =08
Sconf
Sc3
room 3: Sc3'°pav = 93.131 , N. of packs: ceil =5
Sconf
. corr
corridor: ScorrCpay = 93:392 N. of packs: cell( J
Sconf
S +S.q4+S.0 +S.q +S
Total N. of packs: ceil[( il e c2 c3 corr} 1?1721
Sconf

ol +S¢1 +Sc2 +Se3 + Scorr

S
Total cost of packs: ceil[( } Ceonf = 611.2-eu

Sconf

Subtotal: (Sg|+Scq +Sc2 +Sca + Scorr) Cpay = 607-462-eu,

Coating NIVA: ¢y i= 1.49-2,
m

Subtotal: (Sgy+Sgq +Se2 +Sc3 + Scorr) Cniy = 113:281-eu

Total:(Sg; + Sgq + Sc2 + Sc3 + Scorr) (Cpav + Cniv) = 720.744-eu,
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eu

spar = 1:39-—
m

With SPARRA ¢
Total: (Sgj + Sg1 +Se2 + Sc3 + Scorr)(Cpav + Cniv + Cspar) = 826:422-eu

Ap
-29—' - 16.356m>

(Sei+Sc1 +Sc2+Sc3+ Scorr)(Cpav + Cniv * Cspar) -0-9 = 743.78
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The following drawing shows the plan of the house and in particular
the powers of Each radiator.
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PIPES.

Specific weight of water: Tw = 1000-@—f Yw = 1% 103'-@c ,
3 3
m m
P o N
Density of water. p,,, = lass T Py = L by = 1x 103.ﬂ,
V g-v g g m3

Flow temperature: T .= (85 + 273.15) K,
Return temperature: T := (75 + 273.15) K,

ATg=T - T,
Capacity:G,, = — L | 6, - 4744859 AT, 20K
ch-AT:t hr

Inner radius of the tube: rig == 0.6-cm,
Outer radius of the pipe with insulation: ret == 1.3-cm,
Pressure: P4 = 2-bar,
Quote: zq:=1.0-m, Zg =24
Area of Inner section of the tube: Aq = 7T-I'it2 , Ag = ﬂ-ritz

dp _ —dV d " -p

e

i
Momentum: II=Mv=pVv=p-Asv= p-A-s.(d—s) = Y Asv

dt g
5 i
11 := _VX.A.s.V
g
Volumetric flow rate: A = cost, Gv= _j_tv e -g—t(s-A1) = v1-A1 ; Gv = v2-A2
Gy = ﬂ . Vq= Lt Gie 474.48. -
Pw A1 hr
ol 1 T _d 3 _
Mass flow rate: M = p-V percui: G, = —M = —(V.p) = —(A.p-s) = A-p-v= p-Gy
Toodt dt dt
B G, = 474.48.%9
m=SvPw T
v
1) Continuity equation for the motion of fluids: Vq -A1 = v2-A2 Vg i= A—1 Aq
2
dA dV dv _ 3 m
G vp = 1.165—
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2)Bernoulli Theorem strictly valid only for stationary motion:

2 2
1 V4 1 2
— A —— + P+ VW2 T 5w * Pg +Yy-Zp = Py = constant
2 g 2 g
2
1 Gy
E.,\{W.A 7 FP1+ Wz = 2.105-bar
19
2 2
1 Gy 1 Gy
- +Pq+H w21 = -é-m{w- 2 +PotYwZ2 = Pt= constant
A1 ‘g A2 ‘g
1 vy
Bernoulli trinomio: Py := E-'yw--——;—— +Pq + Vw21
2
1 Gy
po = Pt—- = Yw" +Yw %2 Pg.= 2-bar
2 2
A2 ‘g

Dividing the trinomial of Bernoulli for the specific gravity ~,, . we get the total energy (mechanical)

2
p v
owned unit of weight of the liquid: E1 =2Zq+ —-l + ——1—=cost.
Yw 2.9
geometrical height: z4=1m
Pq
pressure head: — = 20.394m
Yw
2
e . V4
kinetics height: — = 69.243-mm
g
; . P1
piezometric: hp ST e hp =21.394m
Tw

the piezometric level is the quota of the free surface of the piezometer respect to the plane of
reference and should not be confused with the piezometric height which is the distance between
the free surface of the piezometer and the barycentre of section in which it is placed.

Total (Mechanical) energy owned by the unit weight of the liquid:

Eq= 210.486--£—, Eq = 21.464m
kof
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3) Theorem of momentum:1i(t) = j(-‘f"—-A-E-v
g

Vq . Vo .
Iy = WW-—é—-A1-|v1l ; Iy = ’YW-—g—-Az- Ivzl
Tw

F=1l,-1I4 = —é—-GV-(vz— v1)
Fluid temperature: Te=Tp,
Temperature of the inner surface of the tube: Tit:=Tm,
Temperature of the outer surface of the tube: Toutt:= Tm -1-K,
Temperature of the outer surface of the insulation: Taiso = (0.5 +273.1 5).K,
Ambient temperature: T, =273.15K ,
Length of enclosure: Liso =16-m,
Length of the tube: Lry=18m
Thermal conductivity of the enclosure: Ngo = 0.05-%’?—’— ,
Transmittance of the inner surface: aj = 0.03-St,
Transmittance of the outer surface: Ot = 0.04-St,

h =f+r, fis the coefficient of convection laminar, r is the coefficient of irradiation. The amount of heat
which, in the time unit (Power), flows from the inside of the tube outside ie transversely to the tube axis, i

given by the following relationship: :

p_._ it Ta keal
T= R ( = 0
T r

where R is the total resistance expressed by the formula:

L r
Ryi= T”-[ LIGEPS ln(ﬂ]+ . Jin(ﬂ-r)
2\ o4tTit Neo \ it | CetTet
Ry = 17.891-kQ7

In the tube flows a liquid which should not freeze even if the ambient temperature, outside the tube, is
less than 0 °C.The amount of heat dP transmitted per unit of time outside, by an infinitesimal element of
tube length dL, is given by:

W)

W
p=_t 34
p
1 r )
where it st f‘-tJ paie Lt g, tieingipagte T
2T Ngo | fit | 2T lgpOgt m

In the infinitesimal segment of pipe dL, the amount of heat lost from the fluid and transmitted outside is
given by:
dP = “Gw‘cpw'dTib
where: Gy, is the fluid flow rate in kg / hr,
Cpw is the specific heat of the fluid in kcal / (kg. °'b0 C) or kJ / (kg °'b0 C),
dT; is the cooling of the fluid in the tract dL.
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So one can also write:
dP = —Gy,Cpy d(Ti- Tg)
Then equality must hold: lost power = power transmitted by the fluid outside, that is:

Tl
it™ 'a
—Gw-cpw-d(Tit—Ta)= . dL,
1 . d(Tit"Ta)
——dL =~y ——"
Gwp S Tit—=Ta

By integrating both members one get:
Li (T1i-Ta)
e | 5 Rl
Cow CwP T1u-Ta

or: Li.z.ﬂ're i I{M}

pr'Gw'P'Z'W'fe Tiu—Ta

T

Cpw G P1 T1u-Ta

namely:

with: Se e Liso-z-vr-ret outer surface of the tube
R1:=p-2-mrg
R1 = 25.201-QT

T4; is the temperature of the incoming fluid to tract L, ,

T4, is the temperature of the fluid in output to tract L.

The minimum temperature that the fluid can reach is:
Se
(T1i_Ta) & ecpw'Gw'R1
T1u—Ta ,
Se
(T‘Iu”Ta) - e— Cpw Cw R1
T4i-Ta 1
Se = 1.225m°  Tq;:=(85+273.48).K, , R1=25201.07, T,=273.15K
Se
pr'Gw' R1

Tyy:=(Tqi=Tg)e
Tqy= 84.993.°C .

+Ta
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From the above formula can also be derived R1 and therefore to know the thickness of the
insulation (assuming that it is not known):

" Se ZﬁretLT
1= — ,
(T1i"Ta) (T1i_Ta)
T L T PN R LI
4 {Tw_Ta 3 Tw-Ta
R1 = 25.201-Q7.
, R1-cpw-Cw : (T1i”Ta)
ol T TP s P
et 17, ol

The minimum flow rate for the water does not freeze is:
S

e
G4 = g
oL (T4i-Ta)
CpwR1-Inf ——==
T1u"Ta
kg
G,+ = 474.48 =
wi hr'
Gw L
Gy = — Gy = 0.132.—
VW bw VW k.
Se
Y1) = R
1 a
G W-R1-In
S T1u_ a

Minimum flow rate v/s the internal temperature in the pipe entry.
1? T T T
fu

400 450 500
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