Per Olof Nylund

Varfor tita hus?

Energiforbrukningen 1+ FTX-husv blir
sillan den forvintade. Anledningen
dr alt man inte tagit hiansyn ull luft-
lackningen genom ytterholjet.

Kalkylerna har pd s& sit kommit att
inncbira en suboptimering av enbart
ventilationssystemet. Detta ir helt na-
turhgt, efter som det inte varic kiint hur
ventilationssystemet paverkar luftlick-
ningen. 41 det maste finnas ett sam-
band har man anat. Huvudmonstret i
detta stdr nu klart, dven om det finns
manga detaljer som maste undersdkas
ytterligare.

Yiterholjet och venfflationssvsiemet
ar tva delar : et totalsysiem. Olika
ventilationssystem innebdr olika forut-
sdttningar for luftldckningen. Detia
skall har forklaras mecd en nydraulisk
analogi.

En "vattenanalogi”
for ett enkelt {all
Lufuldckning eller luftstromning genom
otitheter beror av tryckfallet dver otit-
“heterna. Vid de (brhillandevis 14ga
tryckskillnader man ror sig med 1 bygg-
nadstekniska sammanhang kan luften
betraktas sorn inkompressibel. DA giller
samma strémningslagar som inom hyd-
rauliken. Detta kan &skadliggoras med
en otit behdllare nedsiankt i vatten.
Figur | visar en genomgiende ligen-
het med va otiita yuterviiggar och tita
bjilklag. 1 vattenanalogin blir ligenhe-
ten en behdllare med tvd otita sidor.
Figur | a visar utgdngsliget utan
tryckstdrning och Figur I b hur ligen-
heten utsiitts for ett storningstryck i
form av ett dvertryck pa den viinstra yt-
terviiggen.
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Docent Per Olof Nylund, Tyréns, franhdller att husets ytter-
holje ach vextilationssystems mdste ses scm samverkande delar i
totalsystem. Han fOrklarar — med en vattenanalogi — varfor
Ixftlickningen genom Bdljet blir stdrve vid frdn- och tillufts-
ventilation & vid firdnluftsventiiation och varfir man bor byrga

tdsta hus.
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Figur 1. Genomgaende ldgenhet med tva otéta yttervggar och tita sjdikiag’ A = ul-

géngsidge B = Tryckstdrning
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Figur 2. Samband meilan tryckfall cch
fidde 16r ytterviiggarna.
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Tee fall skall belysas: Lagenhet ntan
ventilationssystem, med F-system och
med FT-system. Utglngslagel ar |
samtliga fall det som anges 1 Figur 1 a,
dvs ingen forekomst av storningstryck.
Fran detta utgdngslige okas successivt

" storningstrycket pA den vinstra ytier-

viggen.

For enkelhets skull antas otidtheterna
1 ytterviggarna vara lika stora och f3 ett
flode som dr proportionelit ‘mot tryck-
fallet, vilket framgdr av Figur 2.

Liigenhet 1aed
"”Noll-system"

Figur 3 - iden vinstra kolumnen - illu-
stverar vad som sker 1 en ligenhet utan
vemtilationssystem, ""Noll-system™ nir
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Figur 3. Hydraulisk modell
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vi {rdn utgdngsliget tillfor et dkande
skorningstryck.

I utgdngsliget dr nivin i modellen
densamma som etanfor. Ingen lickning
forckommer.

Ett successivt bkande storningstryck
enligt Figur | b motsvarar en successiv
hGjning av vattenytan till viinster 1 de
ovriga skisserna i kolumn 11 Figur 3.
Jamviktsnivdn for yian i behdliaren hg-
ger mitt emellan nividerna Cuppstroms
och nerstroms™

[ackaget fis enlig uttrycket lingst
ned 1 kolumn U Grafiskt representeras
detav den undre ingeny Figur 4

Liagenhet med F-system

Falletr Bigenhet med Fosystem illustre-
ras av den andra kolumnen  Figur 3.
Forst putgdngsiliget  dr vattenytan
behatluren Ligre an utanfor. T andra hi-
gurcn uppifran ir den inre vattenytan
fortfarande ligre dn yworna utanfor
Lackningen sker indt genom bdda sid-
ytorna. Summan av lackegen G hka
med odet G

Nvan pdoden vimnstra sidan hogs vt
terligare nll det Liget som stlustreras at
den tredje figuren uppifran. Fortta-
rande dr genomstromningen konstant
Lickningen genom den hogra vian dr
au noll.

Vid ytterligare hojning av nivin till
viinster - nedersta figuren - blir strom-
ningsbilden och (lodesbalansen en an-
nan. Nu upptrider lickning ut genom
den hogra viiggen. Uttrycket for media-
viixlingen anges lingst ner i kolumnen.
Dessa samband representeras av den
mellersta kurven i Figur 4.

Ligenliet med FT-system

I den hogra kolumnen illustreras mot-
svarande forlopp for et FT-system.
Till- och fran-Nodena anias vara kon-
stanta och lika stora och paverkar dir-
for inte den inre vattenytans nivd. Den
blir densamma som i det tidigare be-
skrivna Noli-systemet. Mediavixlingen
L anges av uttrycket Lingst ned i kolum-
nen i Figur 3.

Kommentarer

Mot bakgrunden av det foregacnde kan
man konstatera:

O Nolls “atilationen dr en linjar funk-
tion sot, nelt beror pd tryckstorningar
och otitheter.
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Otdthet (K) = storningstryck (P)
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Figur 4. Mediavéxling L som funktion av produkten otéthet X stérningstryck. ’

O F-ventilationen  fungerar  stabilt,
dvs med avsedd omsittning dnda ull
dess att storningarna (cgentligen stor-
ningar ginger otitheter) ndr ctt visst
troskelvirde.

O FT-ventilationen ger sillan avsedd
luftomsittning. Minsta storning  ger
omedelbart upphov till cavsiktlig venti-
lation genom lLickning.

Dirfor tiita hus

Trots att framstillninger. hidr gjorts
starkt forenklad star det klart att berik-
ningarna av luftvixling och ventila-
vionsforluster miste ske med hinsyn till
samverkan mellan otiithiet hos holje och
ventiationssystemets funktion.

Forklaringen vartor forviintad cener-
giforbrukning i FTX-hus intc infrias iir
att man i brist pd annat antagit att luft-
lickningen ir lika stor oavsett ventila-
tionssystem. P3 sd sidtt kommer man till
for optimistiska resultat for energifor-
brukningen i FTX-hus.

Om hinsyn tas ull lufilackning och
till 50 % temperaturverkningsgrad hos
en virmevixlare fas for det enkla fall
som beskrivits hiar ungefir samma ven-
tilationsforluster i FTX-huset som
F-huset. Resonemanget ar giltigt da
produkten av storningstryck och otiithct
ar tillrickligt stor for att “gapet”™ mel-
lan den oversta och den mellersta kur-
van i Figur 4 skall vara fullt utbildat.
Det galler att gora gapet sd litet som
mo)ligt.

Med andra ord - rdia hus!
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Why tight houses?

Dr Per Olof Nylund, of Tyrens, contends that
a building envelope and ventilation system
must be regarded as inter-
acting components in a total system. Using
an analogy of hydraulics, he explains why air
leakage through the envelope is greater if
supply and exhaust ventilation is used as
opposed to exhaust air ventilation and why

tight houses should be built.

Energy consumption in supply/exhaust ventilated houses is seldom what is
expected. The reason being that air leakage through the building enve-

lope has not been considered.

Thus calculation has become a sub-optimisation of the ventilation system
by itself. This is quite natural since it was not known how the ventila-
tion system affected air leakage. People were aware that there was a
connection. The basic pattern is now clear even if there are many details

which must be given further consideration.

The building envelope and the ventilation system are two components in a
total system, Different ventilation systems mean different conditions for
air leakage. The analogy of hydraulics is used in this article to provide

an explanation.

"Water analogy" for a simple case

Air leakages or airflow through gaps result from a pressure drop across
the gaps. Bearing in mind the low pressure differences in building
technology, air can be considered incompressible. Thus the flow laws of
hydraulics apply. This can be illustrated with a leaky container immersed

in water.

Figure 1 shows a walk-through apartment with two pervious outer walls
and pervious joist structures. Applying the water analogy, the apartment
is a container with two leaky sides.

Figure 1a shows the initial state without pressure interference and Figure
1b how an apartment is subjected to interference pressure in the form of

positive pressure acting on the left-hand outer wall,



Figure 1. A walk-through apartment with two pervious

walls and tight joist structures. A = initial state,
B = interference pressure.
Three cases will be illustrated: An apartment without a ventilation

system, with an exhaust system and with a supply/exhaust system. The
initial state in all cases is as indicated in Figure 1a, unaffected by interfe-
rence pressure. From this initial state, interference pressure is gradually
increased on the left-hand wall.

For simplicity, it is assumed that leaks in the outer walls are equal and
allow a flow which is proportional to the drop in pressure, as illustrated
in Figure 2,

Flow Q
Q=K x P

Pressure drop P

Figure 2. Relationship between pressure drop and flow

through outer walls.

An apartment with a "Zero system’

Figure 3, in the left-hand column, illustrates what happens in an apart-
ment without a ventilation system, the "zero system", when an interfe-

rence pressure is applied to the initial state.

"ZLERO SYSTEM" EXHAUST SYSTEM SUPPLY/EXHAUST SYSTEM
Figure 3. The hydraulic model

In the initial state, the model is the same as outside. There is no

leakage.

A gradually increasing interference pressure, as shown in Figure 1b,
corresponds to a gradual increase in water level in the other diagrams in
column 1 in Figure 3. The equilibrium level of the surface in the vessel
lies between the "upstream’ and "downstream" levels.

The leakage is given by the expression at the bottom of column 1. This

is represented graphically by the lower curve in Figure 4.



An apartment with an exhaust system

The case of an apartment with an exhaust system is illustrated in the
second column of Figure 3. In the initial state the water level in the
vessel is lower than outside. In the second diagram from the top, the
inner water level is still lower than the outer water level. Leakage flows

inwards through both sides. The sum of the leakages is equal to flow G.

The level on the left-hand side is further increased to the level shown in
the third diagram from the top. The flow is still constant. Leakage from

the right-hand side is now zero.

With a further increase in level to the left, the flow state and balance
change - the bottom figure. Leakage now goes through the right-hand
wall. The expression for mean change rate is given at the bottom of the

column. The relationship is illustrated by the middle curve in Figure 4.

An apartment with a supply/exhaust system

The right-hand column illustrated the corresponding sequence for a sup-
ply/exhaust system. The supply and exhaust flows are assumed to be
constant and therefore do not affect the inner water level. This will stay
the same as the "zero system" described earlier. The mean change rate L

is given by the expression at the bottom of the column in Figure 3.

Comments

On this basis it can be stated that:

° Zero ventilation is a linear function which depends entirely on inter-

ference pressures and leaks.

° Exhaust ventilation has a stable action, ie it maintains the intended air
change rate until interference (interference times leaks, in actual fact)

reaches a certain threshold value.

° Supply/exhaust seldom provides the intended air change rate. T he
slightest interference gives rise to immediate adventitious ventilation
through leakage.



Mean change rate L

Supply/exhaust system
Exhaust system
Lero system

Perviousness (K) x interference pressure (P)

Figure 4. Mean change rate L as a function of perviousness x interefe-

rence pressure.

The reasons for tight houses

Despite the simplified presentation, it is obvious that calculations of air
changes and ventilation losses must consider the interaction between the
perviousness of a building envelope and the way a ventilation system

operates.

The reason why the expected energy consumption in supply/exhaust venti-
lated houses does not live up to expectations can be explained in that
calculations have assumed air leakage to be the same whatever the type of
ventilation system. This is why altogether too optimistic results are assu-
med for energy consumption in supply/exhaust ventilated houses.

If air leakage and a 50% efficient heat exchanger is assumed, heat Io;ses
in a supply/exhaust ventilated house will be the same as an exhaust
ventilated house on the basis of the simple cases illustrated here. The
logic is valid if the product of the interference pressure and the pervious-
ness is sufficient for the "gap" between the upper and the middle curves
in Figure 4 to be fully developed. The idea is to have the gap as small
as possible.

In other words - tight houses!

(Translated for the Air Infiltration Centre by Transcript Translators,

Bracknell, England.)



Figure 1. A walk-through apartment with two pervious walls
and tight joist structures. A = initial state,
B = interference pressure.
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Figure 2. Relationship
between pressure drop and
flow through outer walls.

Tryckfadl = Pressure drop
F18de = flow

G 26 36
Otdthet (K) = stdrningstryck (P)

Figure 4. Mean change rate L as a function of perviousness
X interference pressure.

FT-system = Supply/exhaust system
F-system = Exhaust system
Noll-system = no system.
Mediavdxling L = Mean change rate L
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