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Abstract

The article presents a method for calculating the amount of air flowing in and flowing out of the building. It included two
variants: the first — the air inflow by infiltration and by the individual duct of the supply system by gravity, the second — the
air inflow by infiltration and by the individual duct of the supply system in a mechanical way. The methodology takes into
account the pressure produced by the wind, the pressure in the duct and the pressure produced by the fan. The developed
method was validated by comparing it with the results of measurements carried out. It has been shown high conformity of

calculations and experimental analysis
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1. Introduction

Residential buildings in the majority are equipped
with a system of natural ventilation, which is the result
of the gravity and the wind pressure. Proper operation
ofthe system is guaranteed by the supply of air through
leaks windows and doors and the building partitions.
The air thus supplied to the building is removed by
natural ventilation ducts. Wind may, however, reverse
the direction of the air flow, resulting in an air inflow
through one or more ducts.

In order to determine amount of air in the room, it is
necessary to know the internal and external pressure
at any point of holes.

The article presents a method for calculating the
amount of air in the building with individual air-
supply system, where the air supply gates were
located at a lower height than the exhaust. The
systems of Equations were devised. It includes two
variants: the individual supply air duct with gravity
flow, the second option with a mechanical flow.
The methodology takes into account the pressure
generated by the wind, the pressure in the gravity
ventilation duct and the pressure generated by the fan
(Option 2).

2. The layout of pressure in the building

The layout of pressure in a building depends on
the wind pressure and pressure in the duct, the area
of the inflow and outflow gates, its location, and

aflow pressure loss. The literature show the calculation
methods [1], but it does not take into account the
location of the openings at different heights and the
effects of the fan on the internal pressure and layout
of pressure at different levels. The authors [2-4]
presented the layout of pressure on the outside wall,
but in this case the inflow and outflow of air is also
on one level.

In the real buildings, windows and doors are at
different levels than outflow gate. In addition, if the
building is equipped with the individual system of air
intake, the inflow air gates can also be arranged at
different heights. All this results in a change in layout
of pressure in the building.

The equations found in the literature take into
account the gravitational pressure and wind pressure
[5-6], however, does not take into account the flow
of air through the air supply duct. Other authors
[7, 8] taken into account the supply gravitational air
duct, however, the methodology did not take into
consideration the impact of the wind.

3. The elaborating a methodology of calculating
the amount of air flow
3.1. Calculation algorithm

The basis of this method is to calculate the pressure
values at different levels, the inner and outer sides
of the building envelope. Figure 1 presents the
calculation algorithm of the elaborated methodology.
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Fig. 1. Block diagram of the method of calculation

3.2. Calculation - variant 1

Option 1 —the inflow of air by leaks in the windows
and by individual supply ducts with gravity pressure

(Fig. 2).

o 4 Gy _
< <
<
G
C Z] \ 33 nl| | m

I ] 3/ P

T w5 Hes

S 1

K N

Fig. 2. Schematic of inflow and outflow air from the
building, where air exchange is carried out in a natural
way (gravitational pressure and wind pressure) using
a leak in the window carpentry and the supply duct of
individual system of air intake

The calculation of the pressure at level I-I (air
supply duct):
2
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where: p — pressure [Pa], p — air density [kg/m?],
c, — conversion coefficient [-], g — acceleration of
gravity [m/s?], h — height [m], w — velocity [m/s].

The calculation of the pressure at level II-II (leaks
in the window):

2

w
=h',Oe'g+Ck2 7
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p; p[Pa] )
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Equations (1)-(4) allow you to determine the pressure
difference at every levels:

AT =hy g (e = o)+ 19 (P = i)+
W ®)
+(ck1 —ckz)-T-pe[Pa]

A" =h-g-(pe—pi)+ ©)

2
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where: Ap — differential pressure on both sides of the
building component [Pa].

With using the hydraulic characteristic of the ducts
and leakages of windows the pressure difference
on each level can be expressed by system of the
equations:

2

Apl‘l =5, -Vi+s, ~(V1+V2j [Pa] (7

PP = A+, -(v1+vzj [Pa] ®

. 3
V2 = k : L ' Ap:/indaw |:m_:| (9)
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Vi;=Vi+V 2{—:| (10)
S

where: k& — the leakage coefficient of windows
[m’/mhPa"], L — length [m], s — the hydraulic
characteristic [Pa/(m?/s)?], V — amount of air [m%/s],
n—exponent characteristic for the building component
to calculate the airflow arriving because of wind [-].

After substituting Equation (9) into Equation (8)
and aligning the Equations (5) and (7) as well as (6)
and (8), the system of Equations was formed:
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g (Pe=Pm)+M-g-(Pm—pi)+
2 .2 . Y (11)
+(Ckl—Ckz)-W?-pe=Sl-V1+S3-(V1+V2]
W2
h-g (pe—pi)+(ck2—0k3)-7-pe=
1 (12)
‘n ) ) 2
= V2 +S3-(V1+sz
(k-L)n
V1+V2=V3 (13)

After solving the system of Equations we get the
flow of air supply and air exhaust from the building.

3.3. Calculation - variant 2

Option 1 — the inflow of air by leaks in the windows
and by individual supply ducts with fun (Fig. 3).
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Fig. 3. Schematic of inflow and outflow air from the
building, where air exchange is carried out in a natural
(gravitational pressure and wind pressure) using a leak
in the window carpentry and mechanical way using the
supply duct of individual system of air intake equipped

with the fan

The calculation of the pressure at level I-I (air
supply duct):
.’ =h-p.-g+c, -W?z-pe[Pa] (14)
pi =(h =) pn-g+h-g-p +

The calculation of the pressure at level II-11 (leaks
in the window):

2
-1

Pe :h3'pe'g+ck1 .%'pe[Pa] (16)
P =hy g+
2 17
+Ck3 'WT'pe'i' pvent[Pa]

Equations (14)-(17) allow you to determine the
pressure difference at every levels:

AP =ty -9 (pe =) —Po -9 (P —pm) +
2 (18)
-i_(ckl _Ckz)'W?'pe ~ Puent [Pa]
AT =hy-g (e — i)+
. (19
+(Ckl _Ck3 )'T'IOe = Prent [Pa]

With using the hydraulic characteristic of the ducts
and leakages of windows the pressure difference
on each level can be expressed by system of the
equations:

L2 . . 2

) N2
Ap11—11 = AD,indow + S3 .(Vl.,_vzj [pa] (21)

' . m’ 22)
Vzk'L'prindow T
o o m? (23)
Vi=Vi+Vy| —
S

After substituting Equation (22) into Equation (21)
and aligning the Equations (18) and (20) as well as
(19) and (21), the system of Equations was formed:
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Mg (e =pm) =19 (o~ pm)+
2
+(Ck1 _Cks)'WT'pe ~ Prent = (24)
2 . . 2
=5 -Vi+8;-|Vi+V2
W2
h3 g.(pe_pi)_‘_(ckl_Ck3)'7'pe_pvent:
1 (25)
V” . .
=2 +S3-|Vi+V2
(k-L)n
V1+V2:V3 (26)

After solving the system of equations we get the
flow of air supply and air exhaust from the building.

Application of the proposed calculation method
in the case of a larger number of window and door
openings and elements of intake and exhaust is
possible, by increasing the number of equations in the
system. Then you can calculate all the streams of air
flowing in and flowing out.

The elaborated calculation method does not take
into account the vertical temperature gradient in the
room and the cooling of air flowing in the duct gravity.

3.4. Verification of the proposed method of calculation

In order to verify the proposed method the
calculations and measurements were performed in an
existing building equipped with the air supply duct
conducted by the underground garage. The inflow
grate was located in the hall, the outfolw grate was
in the bathroom. In view of the installed hood in
the kitchen the gravity duct in this permisses was
excluded from the calculation and measurement. The
results of the comparison the measured values during
experimental studies with the calculated values were
presented in the diagrams (Figs. 4, 5).
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Fig. 4. Comparison of the results of theoretical
calculations with experimental data. Natural ventilation.
Figure: a) the inflowing air by duct; b) the inflowing air

by leaks in windows; ¢) the outflowing air
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Fig. 5. Comparison of the results of theoretical
calculations with experimental data. The duct of
individual system of air intake with fan. Figure: a) the
inflowing air by duct; b) the inflowing air by leaks in
windows; ¢) the outflowing air
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4. Conclusions

The calculation results show high concordance with
measurements. For the results the error was calculated
and itdoes not exceed 2%. This proves that the proposed
method of calculation is reliable. This means that the
proposed methodology can be used both in buildings
designed and existing (to assess the correct operation
of the ventilation system and to develop proposals to
improve the functioning of the system).
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Obliczenia indywidualnych systemow nawiewnych

1. Wstep

Budynki mieszkalne w wiekszos$ci wyposazone sa
w system wentylacji naturalnej, ktora jest wynikiem
dziatania sily grawitacji oraz sity naporu wiatru. Pra-
widlowe dziatania takiego systemu gwarantuje do-
plyw powietrza przez nieszczelnosci stolarki okiennej
1 drzwiowej oraz obudowy budynku. Powietrze w ten
sposob doprowadzone do budynku usuwane jest przez
kanaty wentylacji grawitacyjnej. Wiatr moze jednak
odwréci¢ kierunek przeplywu powietrza, co skutkuje
naptywem powietrza poprzez jeden lub kilka kanatow.

W celu okreslenia ilosci przeplywajacego powie-
trza w pomieszczeniu niezbgdna jest znajomo$¢ war-
tosci cisnienia wewnetrznego i zewnetrznego w kaz-
dym punkcie otworow.

W artykule przedstawiono metode obliczenia iloSci
powietrza, opracowano uktady réwnan, w ktorych
uwzgledniono dwa warianty: powietrze doprowadza-

ne kanalem indywidualnego systemu nawiewnego
W sposob grawitacyjny, wariant drugi w sposob mecha-
niczny. Metodologia uwzglednia ci$nienie wytworzone
przez wiatr, cisnienie w kanale grawitacyjnym oraz ci-
$nienie wytworzone przez wentylator (wariant 2).

2. Rozktad cisnienia w budynku

Rozktad cisnienia w budynku zalezy od ci$nienia
wiatru i ci$nienia w kanale, od powierzchni otwo-
row nawiewnych i wywiewnych, ich lokalizacji,
a takze strat ci$nienia przy przeptywie. W literaturze
mozna znalez¢ metodologie obliczen [1], jednak nie
uwzgledniono w niej lokalizacji otworow na réznych
wysokosciach, a takze wptywu pracy wentylatora na
cisSnienie wewnetrzne i jego rozktad na réznych po-
ziomach. Autorzy [2-4] przedstawili rozktad cisnie-
nia na $cianie zewnetrznej, jednak w tym przypadku
rowniez uwzgledniono naptyw i wypltyw powietrza
na jednym poziomie.
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W  rzeczywistych budynkach otwory okienne
1 drzwiowe znajduja si¢ na innych poziomach niz
kratki wywiewne. Ponadto jezeli w budynku zastosu-
je si¢ system indywidualnego doprowadzenia powie-
trza kratki nawiewne rowniez mogg by¢ usytuowane
na odmiennej wysokosci. Wszystko to skutkuje zmia-
ng rozktadu cisnienia w obiekcie.

Znalezione w literaturze uklady rownan uwzgled-
niajg cisnienie grawitacyjne i cisnienie wiatru [5, 6]
jednak nie uwzgledniajg strumienia powietrza dopro-
wadzanego poprzez kanal nawiewny. Inni autorzy
[7, 8] uwzglednili nawiew powietrza specjalnym
kanalem grawitacyjnym, jednak do metodologii nie
wiaczyli wptywu wiatru.

3. Opracowanie metodologii obliczenia ilosci
przeptywajacego powietrza
3.1. Obliczenia - warianty 1i 2

W artykule przedstawiono metode obliczenia
ilosci powietrza w budynku z indywidualnym sys-
temem nawiewnym, gdzie kratki doprowadzajace
powietrze zlokalizowane byty na nizszej wysokosci
niz wywiewne.

Podstawe opracowanej metody stanowi obliczenie
warto$ci ci$nienia na réznych poziomach, po we-
wnetrznej i zewnetrznej stronie obudowy budynku.

Wprowadzanymi do obliczen danymi sa wysokosci,
na ktorych zlokalizowane sa elementy nawiewne, wy-
wiewne oraz stolarka okienna i drzwiowa, a takze ge-
sto$¢ strumieni powietrza i wspotczynniki konwersji.

Proponowana metoda obliczen obejmuje dwa
warianty:

— W pierwszym naplyw powietrza realizowany jest
przez nieszczelnosci w stolarce okiennej oraz ka-
nat indywidualnego systemu nawiewnego w spo-
sob grawitacyjny. Obliczenia rozpoczynaja sie
od okreslenia wartosci ci$nienia po wewnetrznej
i zewnetrznej stronie obudowy budynku, na r6z-
nych poziomach (otwory nawiewne, wywiewne,
nieszczelnosci). W kolejnym kroku nalezy wy-
znaczy¢ roznice ci$nienia na poszczegolnych po-
ziomach. Wykorzystujac charakterystyke hydrau-
liczna kanalow wentylacyjnych oraz nieszczel-
nosci stolarki okiennej i przyrownujac rownania,
uzyskuje sie¢ uktad rownan, ktérego rozwigzaniem
sa wartosci strumieni powietrza naplywajacego
i wyptywajacego z budynku;

— w drugim naplyw powietrza realizowany jest
przez nieszczelnosci w stolarce okiennej oraz ka-
nat indywidualnego systemu nawiewnego w spo-
sob mechaniczny. Obliczenia rozpoczynaja sie
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od okreslenia wartosci ci$nienia po wewngtrznej

1 zewngtrznej stronie obudowy budynku, na ro6z-

nych poziomach (otwory nawiewne, wywiewne,

nieszczelnosci). W tym wariancie obliczen nale-
zy pamigta¢ o uwzglednieniu (przy wyznaczaniu
warto$ci ci$nienia na poziomie kanalu nawiew-
nego) cisnienia wytwarzanego przez wentylator.

W kolejnym kroku nalezy wyznaczy¢ roznice ci-

$nienia na poszczegolnych poziomach. Wykorzy-

stujac charakterystyke hydrauliczng kanatow wen-
tylacyjnych oraz nieszczelnos$ci stolarki okiennej

1 przyrownujac roéwnania, uzyskuje si¢ ukilad

rownan, ktérego rozwigzaniem sg wartosci stru-

mieni powietrza naptywajacego i wyplywajacego

z budynku.

Zastosowanie proponowanej metody w przypad-
ku wigkszej liczby otworéw okiennych i drzwio-
wych oraz elementéw nawiewnych i wywiewnych
jest mozliwe poprzez zwigkszenie liczby réwnan
w uktadzie. Mozliwe bedzie wowczas obliczenie
wszystkich strumieni powietrza dopltywajacego i od-
ptywajacego.

Opracowana metoda nie uwzglednia pionowego
gradientu temperatury w pomieszczeniu oraz chto-
dzenia powietrza przy przeptywie w kanale grawi-
tacyjnym.

3.2. Weryfikacja proponowanej metody obliczen

Celem weryfikacji proponowanej metody wyko-
nano obliczenia i pomiary w budynku istniejacym
wyposazonym w kanat nawiewny doprowadzajacy
powietrze z poziomu garazu podziemnego. Krat-
ka nawiewna zlokalizowana byla w pomieszczeniu
przedpokoju, wywiewna w tazience. Z uwagi na za-
montowany w kuchni okap wykluczono z obliczen
i pomiaréw kanat wentylacyjny zlokalizowany w tym
pomieszczeniu.

4. Podsumowanie

Wyniki obliczen wykazuja duza zgodno$¢ z pomia-
rami. Dla otrzymanych wynikow obliczono btad, kto-
ry nie przekraczat 2%. Dowodzi to, iz zaproponowa-
na metoda obliczen jest wiarygodna. Oznacza to row-
niez, iz proponowana metoda moze by¢ stosowana za-
rowno w obiektach projektowanych, jak i istniejacych
w celu oceny poprawnosci dziatania systemu wenty-
lacji oraz opracowania propozycji poprawy funkcjo-
nowania instalacji.



