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This paper desc:ribes a short analysis of some results oJ c:alc:ulalions 
air flows and the ventilative lileal losses in buildings. 

1. INTRODUCTION 

The research work has been made in residential blocks 
with the natural /gravitational/ ventilation, prove 
that there are accidental conditions /Nantka U. 1978/, 
It refers both to values characteristic far ventil·a
tion 's action aad paraIDeters of the indoor climate. 
The analysis of large number of measurements aliowa to 
name the most important factors distrib ventilation 
processes, namely: 
~External conditions as temperature, wind and layout 
- Internal conditions that vary according to the con-

ditions of utilization 
- Structural properties of blocks and types of venti

· lation system applied. 
· 'I'he full investigations could f!.Ot have been made in 
residential blocks. Therefore, for further teats one 
of the methods of computation has been chosen. This 
method based on the air flow and pressure drop bal
ance in all flats and the sta1r?Jell of the building. 

2. 'l\:lE METHOD OF THE ANALYSIS 

Each building has a large number of rooms. These 
rooms are connected tCu:ough per:nability for air ele
mec.ts /windows, doors and ventilation ducts/. 
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All flats contact wi t.b the stairwell an·:. e:cte::-nal sur-

::-~ucdings due tc !hose ele~e~ts. ~aki~~ i~~~ 2ccoun~ 

fro= -:he ste:.rvJell is cor::-ect /look ]ig.~/, ~i!' !lows 

and ~ressc:re aro:o bale.nee cat: be exp::-essea as .t'o.'.lows: 

- ,~·or !ill fla'ts: 

111 k.m l/c Ve: ,lie 
"i ~ 1Zu,1·(Dl',;-Xij) +Z3 .. (Y-Y .. I -Z4 .. (X;,;+Pw+AP-4Ps! J=O r.p•l J y ''tt' a..1 , 

- For the stairwell 

· , 1/c ~. 1 1/c . 1/c 
(21 Zof Pz1-Y) +~lZ0k .. 1Pz··-Yl -Z3. (Y-X,;) ] =0 \1"1 l.j ., ., 

:ne depe.adeces /1/, /2/ are the equation system com

;iosed for /lm + 1/ no.cli.aear equations and /km + 1/ of 

;.uiito.o\1n quality /x - pres.sl.).res in the flat, Y - pres

sure at the top of stairwell/. Ir. this study a dig

ital computer technique has been used /Na.atka M. 19791. 
·re use the programme the air flows in the buildi.ag 

u.ader co.asideratio.a were defined by a series of i.ater

co.nected nodes. The balance's solution /Newton -

Raphson's method/ demands defining of accurate data o~ 

external, ir.ter.:.al ar.d cci:.st'ru:::t:'..o!:.=.l ::.c-:o:::·s. 

Change of air flows in build.ic.gs 1d th .aa tural ventila

tion are schematically shown in 7ig.2. 

Ventilation ducts in the flats located i.e. the upper 

part of blocke generates larger vacuum than in t~e 

flats located at the bot~om of blocks. Those factors 

cause air flowing through the stairwell frail! the bot

tom to the top of it /look Fig.2 A/. 

If the air teJ:J.perature increases in ven•ilatioc 

d 11cts to "-40°c, the paths of air flowing in the 

stairwell change /iig.2 B/. Si::;.ulteneously, i.r. ·1eni:i

lation ducts for the flats on the to~ of block, the 

direction of air flowing changes. 
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=~~s :ever3e air :l=~in~ zc~e ds~tLis ~~~c the di~ec
ti~ns and ~~~t velc:ities. :=is ~c~~ cay !~cjude ~ive 
~o 3!x U?;er ~ost fl:c~ :evels ~~ ~~e elev~~ - sto-
~eys blocks. 

In ·ou:l:..2..d.ir.§;s .:..:lca~ed in t:.·1qn9 tt.e grea~est c:-.ar.ges 

take place ir. blocks sn.i.elded with t~e other /?ig.2c/. 
In flats :oca~ed en to~ uf the b~ilding in question 
exterior air does net flow in. Jor exa.1:1~le in the e
leven-storeys blocks air infiltratioo through windows 
contains :ram two to three top floor levels /t =-20°:, z 
··•=5 m/s/ and :ram six tc seven top floor levels 
/tz=+20°c, w=10~/s/. 

The res~:~e of calculations provide a material for 
esti~ation :f t~e period of ccrrect work of natural 
ventilati:-n. ~'igure 2 D :;:rese!",tes it for eleven - 97,0-

::-eya blcc!<.a. ~. common frequency /t:t, w/ for growicis 
aitu;;ted l::e-:: ·:: er. :;c 0 -s2° latitu.de /!:adorn H. 1975/ and 

calculated ~ata /lineg/ of air exhaust that equal to 
=.:>=a:ive ~.ialities /'11/ are shown. In the eleven -
~tcreys residential blocks the ~ualit' of exhausted 
~:r is less thac required values in 90 percent resi
sive chenges of externa~ conditions. 

T~e c~angeE o! air !lowing ia bloc~s for tne me
cnanica:.. ven-:ilation are in accordance with req•.li.red 
ones /iantka hl, 19E1/, 
The inf::.uence of •1entilation on energy losses in 
blocks is presented in ?ig. J. Total heat losses may 
be exp::-~ssed by al!IO~t of the conductive /QP/ and the 
air in!i ~tration heat flow /~vi• On the top right 
3ide of : ·ig. ) tile ::-ange of air-change rate for the 
:irst and eleventh floor level of blocks have been 
ccra~ared. On the left side of the graph demsnded ener
gy ~ea.a are com?ared for the filentioned levels. Thie 
calculati ·:in includes 95 percent of the recisive 
cnanges :i~ e~t,;:·nai conditions. The infiltrational 
~eE~ ie~anded is expressed as percentage to the total 
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heat losses 

Gv n 
--"'""'""- = -------0,.• 0v n +·i<(gc)Ar/K 

( 3} 

The external walls in exal!lined blocks /look iig.1/ may 

be described by the average then:i.al trac.Sl!littances 
/k/ of gross enclosure area,wl:Ii.ch is equal 1,25 ~/m2K. 
The air-change rate in flats /results of calculation.a/ 
equaLe from 0,1 to about "4 per hour. The ventilative 
heat losses in buildings with the natural ventilation 
equal about 45-55 percent of total heat losses. If one 
applies the mechanical centilation /Mll~ll.l/ and assumes 
a minimWll of air-chac.ge rate /0, 5 per hour/, these 
heat losses may be lowered to 20-25 percent. 
The greater saving of total energ, consumption /about 
40 percent/ can be obtained, if heat resistance for 
external walls is increased and the systems that sup
ply necessar1 emoWJ.t of fresh air by ventilation 
ducts are applicated. 

4. SU?d1.:ARY AND CONCLUSION 

The best method of analysis of the air-change rate in 
residential buildings is to apply a digital computer 
programme, based on the air flow and pressure drop bal
ance /look Fig.4/. The estimation of processes is quick 
a.o.d comparatively easy to achieve data for practical 
application. 

r- The natural ventilation depends on such meteorolo
gical factors like the velocity and direction of wind 
and outer temperature. Those are the forces acting 
and simultaneously the factors that deforme air-change 
rate. The air flo-.vs in blocks ·with the mechanical sys
ter:. is slightly in.fluenced by tile •:;eather. Interior 
climate and possibilities of regulation of the air 
~lows approximate. Therefore, tile mechanical ventila
tion is necessary in big blocks of flats. _J 
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There is also pos3ibility to reduce ventilati3n 
heat losses for these systems and, in further, savin~ 

the consumption energ:y. 

?iOMENCLATURE 

Az - the total area of building's m2 

c exponent of pressure term in air infiltration 
equation, 

k - the average thermal transmittance of gross enclo-
sure area, ·.um2K 

K ~ the air volume of the building, m3 

n - the air-change rate, h- 1 

Pw - pressure on the roof of buildings, Pa 
4P - fan pressure /in the mechanical system/, Pa 
ps - resistance of air flow in ventilation ducts, Pa 
Z - leakage coefficient, mJ/h /Pa/ l/c 
gc - the specific heat capacity of air, J/m)K 
~p th~ ~onductive heat flow, W 
Qv the ventilative heat flow, l'i 
m,k- quantity the exteri~r walls /for windows/ and 

quantity the floor levels of buildings 
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Table.1 The comparison of average measured values und siandord deviations 
in ()fie examined building. 

111 
Qj 
> 

Exhousl uir 
l kilchens) 

E~hou~I air 
(bathrooms) 

~ Arithmetic Standard A<1thlnetic Standard 
h mean deviation mean de~ iation 

~ tm3/h) [m3/hJ [m3/hJ tm..l/hJ 

Pressure differencei; Pressure diltPiences 
bPlw .. en OU ldoor 0114.l between Sloir wen 
intloor crvironmenl and tluts 

1nuorn l"?mp1>111l urt> 
HivitHJ ronmsl 

rrlhme tic Slandon.I Ari lh>netic Standard N i lh•nel r .. Slun•1ll• ti 
mean deviution mecJI) deviution melJJ1 <l1~v111l111n 

[Pal (Pa] [Pa) I 0 1 I 

._ :.'e""1--1-~_7_4_._o_-+_1_0_.s_--1 _ _ s_~--~- _ _ Y._8 
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• 0.93 
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l °C) 

Ill.I 
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~ .1 ; 11 67. 1 6.8 50.B 10.'2 - 3.90 1. 77 +4. n 1.J4 
-... -·· -~ 

°'u E.~ 31.0 11.2 31.1 13.4 • 0 JJ 0.20 
c:, 

•2.21 0.99 

~ -: ~ 1--1-1 __ 2_2_. 2_ -+ __ 9._3 __ 1--_1_5_. o--i--·-s_._5_-r_. _o_. e_s_;-_o_.ti_2 _ _ i- · o . 35 
.;i ,JJ f; 11 35.0 13.8 31.0 19.6 •2.51, 1.!IB •3 .'~e 

0.11 

1.22 

19.1 I 0 ·--·- · 
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~ Air velocity in the f\ir 11eloc1ty(rn cenlr~ B cc·~ Ch£1ror.terislic •lulu ol wuc.il 111n 
-~ , _ _ A_ir_h_um~i_d_il_Y __ _.,_v_ic_in_il~o~l winc1JWS -~o"!!L ,_3y ti inti~~_:Ot.'_ ::' l1<!'l"Pl ''c 
5 Arittmetit: 
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u:: 
1 

7 

mean 
[°lo I 
55 

35 

Slandurd Aril"'netic Slandard ll1 l !h111et i~· Slond<!fd 3 .,[:' ~ ~ut·elicl<'nl ol r . . .. 
deviation mwn r.Jevic1tion ~1.,un dev1at1on ~·'21: g' · prnrod1on t'""' 'er1I 

(%) fm/S) [m/sl lm/sl [m/s) ,C:iHl·-• 1n3/mh(~t!''.'.:. I_ 
5.0 0.JB i).is- -·-015 ··- ·· U.10 -\l:(jjr .,?.8 I!•' · 
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I Coleclive duels vr11l1lnlion - 490 ~ 215 rnm I 

Fi(:l.1. Internal layout of building and the correct of air flow ( the nonlinear equations 1 ). 
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A. Internal temperature • 20° C. 
Air temperature in ventilation 
ducts • 20 •c. 

0 J, 8 12 t6 20 
Wind velocity w [ m/S] 

o. The periad of correct work of 
natural ..entilation in elellen~ 
!>te>reys building> 
--the first floor ~ 
--- the-e~ flooc l!loet 

B. Internal ll!Mpei"ature • 20°c; 
A'ir temperature in ventilation 
ducts +40°c. 

c. The butlding ;s ,.,ietded 
with ~e olhera. 

Fig.2. Air flcms in buildings with the natural ventilation 
( schematically A . B, C ) and ventilation ~ffteiency 
( 0 - calculated lines qf air exhaust Q-e equot to 
normat i~ qualities VN I 
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"'":::i,e 2 T:-:e cncracter1stic data for examined buildings. 

'. r ~ i I 9 ~ 1- I Ci "' 
"' .. ' l :: I"'::" • r ; o '=' c I 

I ~ _: ~5~·l!§~~~ : J·~~ 
.. 0 -

Ci .. -a- o ./;.. .: C..' :::a:: I 

> o o .,.. ~ ~.!!'- t "'-i:'E w ~ ._ -- c:7i ..... " E :i~ Eloa.:~.=. 4 £5~ ... =-""' ! ""I :c. 3' g ~ ', r .D CV · - -- '- - :§u-:~~e!~ ~-g 0 E.l!l5,~ .:!-- OI Qi t- ~ 
I E: 

0 i 
.. 0 ... "I,,_ i 'iii ~~ lt~a.5 &:·i > .2!E-

i " I z:;:-Vlc. • ..._o :c .:i;_ 
z . I 

i 11 : 
44 11112 1 2.5 !3072 j 0.40 20.2 1.25 ; 

Tctie. '3. Recomendo:-ed :imens1ons of ventilatron ducts 
and motive par:F-:1erers 

1' .;mbe' of !!oar <5 5-7 a-10°rr13r4-1 >16: ,~vets 

I ~ E j o;a:ich - 100 100 100 1100 ! 100 l : o c.=. , o.t: 
f ·;; .QJ!! j col!ec'"1ve 

I ~~~ , 
1 100 200 12'50 ! 315 

! 
j Ci~ col\edive 150 350 

1 'Jacuum ot exl'ou'it-
55 1137 1 1'-7 167 1 178 1ss I 1 ·ed tari [Pa ] 

i 
; A·1r resistances I I 

137 1147 I 157 \ i !n exnou~Tlnl 50 1 118 1137 
re9•srer , Pa / ; 
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Fig. 2 Cornpcrisior. of deriianded energy he a: tor !he first 
(--)and the eleventh floor levei (---:. ot 
examined buildings. 

- · - · - the normative qualities (MWWM/ 
The t.:ita; neat iosses 

D = 'KA~t + ~gc~ .. ~t =- Q., .. Qv 
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