
Encrp~fdrbruknlngen I 6.TX-hu\ blir 
\allan den fdrvhntade. Anledn~ngcn 
:ir at1 man lnrc t a g i ~  h.insyn ( 1 1 1  luft- 
l lckn~ngcn genom yttcrhbljct 

Kalkylcrna har ;)Q \ A  salt kommit att 
inncbira cn suboptlnier~np av cnbart 
vcn~ilationssystcnict Dctta hr hclt na- 
~ u r l ~ g t ,  cCtcr som det rntc varll krnr hur 
ventila~ionssystemet pAvcrkar IuStl~c'n- 
nlngcn 411 dct n~Aste finnas c11 ham- 
bind har man anal. Huvudmdr,strcr I 

delta star nu klart. Awn om del Cinns 
mhnga delaljer som mAsie undcr.sdkas 
ytterligare. 

Yrwrha1;t.r oc-h venfflarroi/l.t.r~~.r~emrr 
dr rvct dr lar  : I * / /  r o ~ a l s ! ~ ~ r e m .  O l i ka  
venli/arion.rs).$le~?~ rrrfrr,t)ilr ol iku farur- 
.rarrningar ,far l ujilac.kr~rng*n. Drrro 
skall hdr fOrklaras nrcJ en ojdraulisk 
analvgi 

Err "vs ttenanalogi" 
f6r eit enkelt tall 
Lufrlgckning cllcr luftstrbmn~ng gcnom 
otstheter beror av tryckfallet bvcr O I T I -  

^hetcrna. Vid dr fCi~hAllandcvis lAya - 
tryckskillnadcr man rdr sig mcd i bygg- 
nadstekniska sa.mmanhang kan luflcn 
bctraktas sorn inkomoressibel. DQ giller 
ramma str6mningslagar som inom hyd- 
raulikcn. C)ctta kan AskAdliggdras mcd 
en o t l t  br;hAll;?rc nedslnkt i vattcn. 

Figur I visar cn genomgaende Ilgcn- 
het med tva ot l ta  yttervlggar uch tits 
bjllklag. I vattenanalogin blir Ilgeuhc- 
ten cn behallarc med tvA o t i t a  sidor. 

Figur I a visdr utgAngsllgct utali 
trycksttirninp, och Figur I b hur Ihgcn- 
hctcn utsrt ts  fdr ett stdrningstryck i 

'' form av ctt dvcrtryck pA den vtinstra yt- 

k r l  Pm Olo/ NylrJ, THns, 

totdrpstem. Han j 3 v k l . 1 ~  - ncl cr  r c l t e d a g d  - W@ 
lcrftl&kd@gea gtnutu Mljet blir d d w t  vid/t/a- dck t i l l~f)s-  
verltilatios rJQTw@rnrt i i r i ion  och wfbr nrar h& b m r  
tarcr has. 

Figur 1. GenomgBende Ilgenhet med tvB otl la yttervbiggar och I lta oj#lklag% A -1- 
gdngsldge B Tryckstdrning 

Tcc Call skall belysab L.agcnhct litari 
.- I ventila~ionssys~em. mcd F-sy>teri~ och 

dvs li~gcn fbrekomst av \tDrnlngsrryck 
FrAn dctra utghngslagc okas successivt 
stdrn~ngstryckct pQ den vanstra ytler- 
viggcn 

Fdr enkclncts skull antah ot2thctern.i 
I yttervaggsrna vara l ~ k a  ;tom cch f Q  ett 
f l d c  som l r  p ropr t~onc l l t  niot tryck- 
fallet. vtlkrt framgQr av Flgur Z 

Ligenhet ],red 
"Noll-system" 
F i ~ u r  3 -- i dcn vinslra kolumnen - illu- 

F@ur 2. Samband m 4 b n  tryckhll m h  strcrar vad som sker I en llgenhct utarl 
M e  fur yttervdggarne. vemtilat~onssystem. "Noll-system" n i r  



F - SYSTEM FT - SYSTEM 



v i  frSn utgSngsllipct t i l l f i ir ctt hkandc 
stijrningstryck. 

I utging.sliigct Yr nivdn i rndel lcn 
dcnhamrna \on1 c~an f i i r .  lngcn lickni,ig 
I'ijrckornmcr. 

[:[I succcsslvt cikandc sttirnlng\tr)ck 
cnligt Figrcr I h rnotsvarar en .;ucc.ebsl\ 
hijjninp av var:cnytan ti l ! v9nstcr i dc 
i ivr ig;~ skibbcrna i kolumn I i Flgur 3. 
J;~rnviktsnlvln ftir )(;In i bch3,ll;lrcn Ilp- 
gcr m l t l  cnicll;~n n lv icrn;~ "upp\trurri\ 
t x h  ncrstr i~m\" 

I..lckapc~ f i ,  c n l ~ g  uttr!,;kct I:ing\t 
ncd I kcilurnn I (ir; lf~sl\t rcprc\cntcrn> 
dct ,,v den unclrc l~n jcn  f.'r,q~tr 4 

Lagenhct med F-system 
t .~l lct  I ; i p c n h ~ ~  riled I -~!\ tcr l i  ~l lustrs.  
r;l.. ;IL den ;tndr;~ kolumncn I k'r,qrrr ? 
I or\[  I u l g ~ ~ r ~ g \ ~ i i g c l  ;ir L~illt:n!l;~ri I 
bch3ll.1rcri I.~prc an u~anl'or I ,~ndra 1.1- 
purcn u p p ~ l ' r i n  ar den Inrc vatrcn)t;in 
\t)r\fiar;lndc \:~grc hn >\orn;l u \ ;~n f t~ r  
I . ;~chn~ng~.n \her I~~:II gcrlurn  bid;^ \td- 
!tc)rri;i S\~II\III.I~I ,;L l;~ch.!scn :lr II~;I 
r l~cd  llodct 0 

\ ~ v i n  p.i dcri t; ln\trsl ,td*in hoj\ !I 
tc~-Ilg,ir~: 1 1 1 1  del 1;1ge1 ~ 1 1 1  ~llu\tr::r.~\ ;I, 
den 1;edjc I'lgurcn upp~l ' r l r i  I ortl'.~- 
r.iridc ,ir gcrlorli\lroriinlngcn Irunhts n~ 
I . i~ckr l~npcn gcnorn den hiipra ! t ; ~ r ~  ar 
nu null 

Vid ytrcrlrgarc tiijjning av n lv in  :III 
vhnstcr nctlcrs~a figurcn - b l ~ r  strijni- 
ningsbildcn uch f ldesb;~ lan~cn cn an- 
nar,. N u  upptr i~dcr Ibckning v.1 genorn 
den hbgra vliggcn Uttrycket fijr mcdla- 
viixllngcn anges lingst ner i kolumncn 
Dcssa hamband rcPrL.scnlcra5 av den Frgur 4. Mediavlxling L som lunkllon avprodukten otlthel y stbrnlngslryck. 
nicllcrst;~ ku rv~ ln  i Figur 4. 

Lagenlret med FT-system 
I den hijgr;~ kolirmncn illusrrerab Inor- 
svarandc fdrlopp for stt FT-system. 
T i l l -  och f r i n - f l de r ia  an;as vara, kon- 
stanta t x h  l iki i stora uch pivcrksr diir- 
fbr intc den inrc vattenytans nivb. Den 
bl i r  dcnsamma sorn i dct tidigare be- 
skrivnn Noll-systemet. Mediaviixlingra 
L anges av uttrycket llingst n r d  i kolum- 
nen i Figur 3. 

Kommentarer 
Mat bakgrundcn av det fiiregicndc kan 
man konstatcra. 

No111 qtilationcn i r  cn l i n j i r  funk- 
[ion sol,, nclt bcror 1); tr!ckstLjrrlrngar 
o c h  ot i thc\cr .  

U F-vcntilarioncn iungerar s!ahrlr. 
d v s mcd avsedd omsit tning inda  
dess art stiirningarna (egcntligen stijr- 
ningar ganger atiithetcr) n l r  ctt visst 
troskclviirde. 
0 FT-vcntilationcn ger si l lan avscdd 
luftornsiitrning. Minsta storning gcr 
ornedclbart upphov t i l l  oavsiktlig vcnri- 
lation genorn Idckning. 

Dardor tita hus 
Trots att framsl8llniriger. hiir glorrs 
starkt forenklad star dct klart att bcriik- 
ningarna av luf tv i ix l i~ig och ventila- 
[ionsforluster mAste skc med hiinsyn t i l l  
samvcrkan niellan ot3111ct hos h o l ~ c  u c h  
vcntiiationssystemc~s f'ur~ktior.. 

Fiirklar~ngcn varl'br fvrvantad cllcr- 
gifdrbrukning i FTX-hus irrtc inl'ria5 ;ir 
att man I brist p i  annat antagit att lul't- 
licknlngen 3r lika stor oavsctt ventila- 
rionssystem. PS s l  s i t t  komlner rniin ti l l  
fijr op~imistiska resultat fijr cnergif6r- 
brukn~ngcrl i FTX-hus. 

O m  hiinsyn tas t i l l  luf\ l i ickning o c h  
t i l l  S0"Z t:mpcraturvcrkn~ngsgrad hob 
en viirrncv%xlarc fSs for det cnkla Call 
sorn beskrivits hYr ungef'ir samrna ven- 
rilationsftjrluster i FTX-huset som i 

F-huset. Resonemangct %r gilt igt d i  
produktcn av storningsrryck och oriithct 
ar tillrackligt stor for att "gapet" mel- 
lan den ijvcrsra och den mellcrsta kur- 
van i Figur 4 skall vara I'ullt utbildat. 
Det gi l ler alt gora gapet s3, litet son1 
mojligr 

Med andra ord - /bra hu.7.' P 

O t a t k t  (K) storningstryck (P) 
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Why tight Rouses8 

U r  Per U lo f  N y l u n d ,  of T y r e n s ,  contends tha t  

a  b u i l d i n g  envelope and ven t i l a t ion  sys tem 

mus t  be regarded  as i n t e r -  

ac t i ng  components i n  a to ta l  system. Us ing  

an analogy o f  hyd rau l i c s ,  he exp la ins w h y  air  

leakage t h r o u g h  t h e  envelope i s  g rea te r  i f  

s u p p l y  and  exhaus t  ven t i l a t i on  i s  used as 

opposed t o  exhaus t  a i r  ven t i l a t i on  and  w h y  

t i g h t  houses should  be bu i l t .  

t n e r g y  consumpt ion in  supp l y / exhaus t  ven t i l a ted  houses i s  seldom what  i s  

expec ted .  The reason ~ e i n g  t h a t  ai r  leakage t h r o u g h  t he  b u i l d i n g  enve-  

lope  has not been cons idered.  

T h u s  ca lcu la t ion has become a  sub-opt imisat ion o f  t h e  ven t i l a t ion  system 

b y  i t se l f .  This i s  q u i t e  n a t u r a l  since it was no t  known  how the  ven t i l a -  

t i o n  sys tem a f fec ted  air  leakage. People were  aware t h a t  t he re  was a  

connect ion.  The basic p a t t e r n  i s  now clear even i f  t h e r e  a re  many deta i ls  

w h i c h  mus t  De g iven  f u r t h e r  cons iderat ion.  

The b u i l d i n g  envelope and  t h e  ven t i l a t ion  systema are t w o  components in  a  

to ta l  system. Di f  f e r e n t  ven t i l a t ion  systems rnean d i f f e r e n t  condi t ions for  

a i r  leakage. The analogy of hyd rau l i c s  i s  used in  th i s  a r t i c le  to  p r o v i d e  

an exp lanat ion.  

"Water analogy" for a simple case 

A i r  leakages o r  a i r f l ow  t h r o u g h  gaps resu l t  f r om  a  p ressu re  d r o p  across 

t h e  gaps. b e a r i n g  i n  m i n d  t h e  low p r e s s u r e  d i f fe rences  i n  b u i l d i n g  

techno logy ,  a i r  can be cons idered  incompressible,  Thus  t h e  f low laws of 

h y a r a u l i c s  app l y .  This can be i l l u s t r a ted  w i t h  a  leaky conta iner  immersed 

i n  wate r e  

F i gu re  1 shows a  w a l k - t h r o u g h  apar tment  w i t h  two  pe rv i ous  ou te r  walls 

and  pe rv i ous  jo ist  s t r u c t u r e s .  A p p l y i n g  t h e  water  analogy,  t he  apar tment  

i s  a con ta iner  w i t h  two leaky sides. 

F i gu re  l a  shows t he  in i t i a l  state % i t hou t  p ressu re  i n t e r f e rence  and F igu re  

I b  how an apar tment  i s  sub jected to  i n t e r f e rence  p ressu re  in  t he  f o rm  o f  

pos i t i ve  p ressu re  ac t ing  on t he  l e f t - hand  ou te r  wall .  



F igu re  1. A w a l k - t h r o u g h  apar tment  w i t h  t w o  p e r v i o u s  

wal ls a n d  t i g h t  jo is t  s t r u c t u r e s .  A = i n i t i a l  state,  

B = i n t e r f e rence  p ressu re .  

T h r e e  cases w i l l  be i l l u s t r a t e d :  An apar tment  w i t h o u t  a  ven t i l a t ion  

system, w i t h  an  exhaus t  system and  w i t h  a  supp l y / exhaus t  system. The  

i n i t i a l  state in al l  cases i s  as ind ica ted  i n  F i gu re  l a ,  una f fec ted  b y  i n t e r f e -  

rence  p ressu re .  From t h i s  i n i t i a l  s ta te ,  i n t e r f e rence  p r e s s u r e  i s  g r a d u a l l y  

inc reased  on t he  l e f t - hand  wall, 

For s imp l i c i t y ,  it i s  assumed tha t  leaks i n  t he  ou te r  walls are equal  and 

al low a  f l ow w h i c h  i s  p ropo r t i ona l  t o  t h e  d r o p  i n  p ressu re ,  as i l l u s t r a t e d  

i n  F i gu re  2. 

Flow Q 

Q = K x  P 

P ressu re  d r o p  P  

F igu re  2 .  Relat ionsh ip  between p ressu re  d r o p  and f low 

t h r o u g h  ou te r  wal ls.  

A n  apartment with a "Zero system" 

F i g u r e  3 ,  i n  t h e  l e f t - hand  column, i l l us t ra tes  what  happens in  an apar t -  

men t  w i t h o u t  a  ven t i l a t i on  system, t h e  "zero system" when an i n t e r f e -  

rence  p ressu re  i s  app l ied to  t h e  in i t i a l  state. 

" Z E R O  SYSTEM" EXHAUST SYSTEM SUPPLY/EXHAUST SYSTEM 

F igu re  3. The h y d r a u l i c  model 

I n  t h e  i n i t i a l  s ta te ,  t h e  model i s  t he  same as outs ide.  The re  i s  no 

leakage. 

A g r a d u a l l y  i nc reas ing  i n t e r f e r e n c e  p ressu re ,  as shown i n  F i gu re  I b ,  

co r responds  t o  a  g radua l  increase i n  wa te r  leve l  i n  t h e  o t h e r  diagrams i n  

column 1 in  F i gu re  3. The  equ i l i b r i um  level  of the  su r face  in  the  vessel 

l ies between t h e  k p s t r e a m n  and  " d o w n s t r e a m V e v e l s .  

T h e  leakage i s  g i ven  b y  t h e  express ion  at t he  bottom o f  column 1. Th i s  

i s  r ep resen ted  g raph i ca l l y  b y  t h e  lower c u r v e  i n  F i g u r e  4,  



An apartment with an exhaust system 

T h e  case o f  an apar tment  w i t h  an exhaus t  system i s  i l l u s t r a ted  i n  t h e  

second column o f  F i gu re  3. I n  t h e  i n i t i a l  s ta te  t h e  wate r  level  i n  t h e  

vessel i s  lower than  outs ide.  I n  t he  second d iagram f r om the  top, t he  

i n n e r  water  leve l  i s  s t i l l  lower t h a n  t h e  o u t e r  water  level .  Leakage f lows 

i n w a r d s  t h r o u g h  bo th  sides. T h e  sum of t he  leakages i s  equal to  f low G. 

The  leve l  on t h e  l e f t - hand  s ide i s  f u r t h e r  increased t o  t he  leve l  shown i n  

t h e  t h i r d  d iagram f r om the  top. The  f low i s  s t i l l  constant .  Leakage f rom 

t h e  r i g h t - h a n d  side i s  now zero. 

With a  f u r t h e r  increase in  level  to  t he  le f t ,  t h e  f l ow s ta te  and balance 

change  - t h e  bo t tom f i gu re .  Leakage now goes t h r o u g h  t h e  r i g h t - h a n d  

wall.  T h e  express ion  for  mean change ra te  i s  g i ven  at  t h e  bottom of t h e  

column, The re la t ionsh ip  i s  i l l u s t r a t e d  b y  t h e  m idd le  c u r v e  i n  F i g u r e  4. 

An apartment with a supply/exhaust system 

The r i g h t - h a n d  column i l l u s t r a t e d  t h e  co r respond ing  sequence f o r  a  sup- 

p l y / exhaus t  system. The  supp l y  and  exhaus t  f lows a re  assumed to  be 

cons tan t  and  t h e r e f o r e  do  no t  a f fec t  t h e  i n n e r  water  level ,  Th is  w i l l  s tay  

t h e  same as t he  "zero system-escribed ear l i e r .  The  mean change ra te  L  

i s  g i v e n  b y  t h e  express ion  at  t h e  bot tom o f  t h e  column i n  F i g u r e  3. 

Comments 

On t h i s  basis it can be s ta ted t h a t :  

Ze ro  ven t i l a t ion  i s  a  l inear f unc t i on  wh i ch  depends e n t i r e l y  on i n t e r -  

fe rence  y ressures  and leaks.  

E x h a u s t  ven t i l a t ion  has a  stable act ion,  ie it maintains the  in tended  air 

change  ra te  u n t i l  i n t e r f e r e n c e  ( i n t e r f e r e n c e  times leaks,  i n  actua l  f ac t )  

reaches a ce r t a i n  t h resho ld  value, 

' Supp l y /exhaus t  seldom p rov i des  t he  i n t ended  a i r  change  rate.  The  

s l i gh tes t  i n t e r f e r e n c e  g ives r i se  t o  immediate adven t i t i ous  ven t i l a t i on  

t h  r o u g h  leakage, 



Mean change  r a t e  L 

Supp I y /exhaus t  system 

Exhaust  system 

Zero  system 

Perv iousness  ( K )  X i n t e r f e r e n c e  p r e s s u r e  ( P )  

F i g u r e  4. Mean change ra te  L as a  f unc t i on  o f  pe rv iousness  X i n te re fe -  

rence  p ressu re .  

The reasons for tight houses 

Desp i te  t h e  s impl i f ied p resen ta t ion ,  it i s  obv ious  tha t  calculat ions of a i r  

changes a n d  ven t i l a t ion  losses mus t  cons ider  t h e  i n t e rac t i on  between t h e  

perv iousness  o f  a  b u i l d i n g  envelope and the  way a  ven t i l a t ion  system 

opera tes .  

T h e  reason w h y  t h e  expec ted  ene rgy  consumpt ion in supp l y / exhaus t  vent i -  

l a ted  houses does no t  l i v e  u p  t o  expectat ions can be exp la ined  i n  t h a t  

ca lcu la t ions  have assumed air  leakage to be t he  same whatever  the t y p e  of 

ven t i l a t i on  system. Th is  i s  w h y  a l toge ther  too op t im is t i c  resu l t s  a re  assu- 

med fo r  ene rgy  consumpt ion in supp l  y/ex haus t  vent i la ted houses. 

I f  a i r  leakage and  a  50% e f f i c i en t  heat exchanger  i s  assumed, heat losses 

i n  a  supp I y /exhaus t  ven t i l a t ed  house w i l l  be t he  same as an exhaus t  

ven t i l a t ed  house on  t h e  basis o f  t h e  simple cases i l l u s t r a t e d  here. The  

log ic  i s  va l id  i f  t he  p roduc t  of t he  i n t e r f e rence  p ressu re  and the  perv ious-  

ness is su f f i c i en t  f o r  t h e  * g a p " b e t w e e n  t h e  uppe r  and  t h e  midd le  c u r v e s  

i n  F i gu re  4 t o  be  f u l l y  developed, The  idea i s  to have t h e  gap as small 

as possible.  

I n  o t h e r  words - tight houses! 

( T rans la ted  f o r  t h e  A i r  I n f i l t r a t i o n  C e n t r e  b y  T r a n s c r i p t  T rans la to r s ,  

I j r ackne l l ,  England.)  



F igu re  1. A walk- through apartment w i t h  two perv ious  w a l l s  
and t i g h t  j o i s t  s t r u c t u r e s .  A = i n i t i a l  s t a te ,  
B = i n t e r f e r e n c e  pressure.  

F i gu re  2. Re la t i onsh ip  
between p ressure  drop and 

f l o w  through o u t e r  w a l l s .  

T r yck faJ l  = Pressure drop 
F l l lde = f l o w  

Otathet  (K) storningstryck (PI 

Figu re  4. Mean change r a t e  L as a f u n c t i o n  o f  perviousness 
X i n t e r f e r e n c e  pressure.  

FT-system = Supply/exhaust system 
F-system = Exhaust system 
Nol l -system = no system. 
Med iavgx l ing  L = Mean change r a t e  L 




