














RESULTS OF PRESSURE DIFFERENCE MEASUREMENTS

The outside - inside pressure difference was measured from 30

points around the building envelope. The measurements were
Also an electrical manometer was used.

made by micromanometer.
Before measurements capillary sonds were installed fixed at each

measurement point so that the pressure difference could be meas-

ured quickly.

The measurements were made for the day and night operation in
winter conditions. Typical pressure distributions at each system
are presented in Figures 3, 4 and 5. According to the measure-
ments, outside overpressure was prevailing at all three systems
A, B and C. The mean pressure difference, standard deviation

and outside weather conditions of each measurement are presented

in Table 1.

TABLE 1. Average outside - inside pressure difference,
its standard deviation and outside weather

conditions.
System Meas- Average Standard Wind Outside

urement deviation speed temperature

1982 Pa Pa m/s poC
A 15.3 13,8 *17,8 4-2 +1,1 — +1,5
A 19.3 10,5 7,1 2=3 -1,6 — +0,5
B 8-3 23;4 :18'8 2 -2'9"" +250
B 12,3 31,4 *19,6 6-7 4,1 — =2,6
C 2.3 10,0 +5,0 §5=2 +1,1 — +1,0
C 4.3 9,9 * 5,7 3 +0,7 — +1,0
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Figure 3. Outside - inside pressure difference by System A
(all exhaust and supply fans under operation).
Points marked in the Figure represent the average
pressure difference of the floor. Positive pres-

sure difference means outside overpressure.
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Figure 4. Outside - inside pressure difference by System B

(all exhaust fans on full power, supply fans cut off).

Points marked in the Figure represent the average

pressure difference of the floor.

Positive pressure

difference means outside overpressure.
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Outside - inside pressure difference by System C
( =night operation; only the exhaust fan of toilets
under operation, all other fans cut off). Points
marked in the Figure represent the average pressure
difference of the floor. Positive pressure differ-

ence means outside overpressure.




3. AIRTIGHTNESS OF WINDOW STRUCTURES

The airtightness of the window structures was measured by the
guarded box method /1/. The airtightness of the whole window
opening and the airtightness of the frame joists were measured
separately for each window so that the airtightness of the
window jamb joints to outside wall could be calculated. The
results of the air tightness measurements are presented 1in
Figures 6 and 7. The mean airleakage values at 10 Pa and 50 Pa
outside overpressure difference were:

PRESSURE DIFFERENCE

10 _Pa 20 Pa
= window jamb joints to outside 3 3
wall 0.0058 dm /ms 0.0151 dm™/ms
- frame joists 0.043 dm3/ms 0.120 dm3/ms

4. AIRTIGHTNESS FOR BUILDING ENVELOPE

The airtightness of the building envelope was measured by the

pressure test using the fans of the building:

= the building was pressurized using its own fans so that the
total airleakage through the building envelope could be cal-
culated from air flow values measured for each fan. During
the test all the doors inside the building were 6pened. The

outside doors and windows were closed.

Two points were measured for outside overpressure and one point
for inside overpressure. The results are in Figure 8. The air
flow rates of the fans under service were measured from the

plant rooms. The outside - inside pressure difference was meas-

ured from about 30 points located at various floors.

The pressure distributions of the various facades measured when
all the exhaust fans were under operation (half power), are pre-
sented in Figure 9. Outside overpressure was prevailing around
the whole building envelope in this operating condition, and the
total airleakage through the building envelope agreed exactly

with the total exhaust. Flow direction was from outside to in-
side.



¥

|
|
|
|
;

V-8

[
4

1T Aver

Figure 6.

74 =l _,7, '
Pa ] 1iilik il
Gt R SN
" e f =
m m:°::j:::. E
o T T 1
=l G et L
m - 4 = 1 4
o il " By ss 1l]
3T e o ok
By |3 0% pigs wes
A RS SR
H |z i gt sa
(@] L it e -
2+ S TR T
=N s B 111
@ v wim it
T wn R 111
£ s ) s T1erT
2 it bt HiH
10l — = T I
9 e Fr43 T
-L p——— - — st — s = | -+
R— E i
8 L F 54 i
7T -.:;:\?. 7
B e 5
& = ':t” .:_
i ] g
4+ _
s o 14 E
= EESEY P e S R : i T = THH
tEz g e e S : L8l : _ 1111
5 3 SRRt it 2o (L] Ben = T ; 1tx-1;;:; Froe H
i 4 5 . i e Mt Y I ¥ E PRI i
2 - . e s v e ifen of che s . B na s caal AT I T Ppetfeee]epe B
vow " + foe . . R S + + ek .,.{ I t ..[u [EREN TRET
- . o vaifen . . I ce ot N K .tJ I”: P :
1 I . . . i . e I»l -‘?il :T;! bt 1-1 11?1 ::q-.l
PG IR s BT 2T R I SRR 3008 P B Rt e m D e T B ]
I RIS PITEY SRR ISP R .‘ - — ir.:._i. ﬂ; 1 WL_"f'T' Aagidrbrifi
wowc 4 B FIEFRNEPI SRFERLES BAUird EEFRS S ool T PR RIRE PPy . ETCEED T IR, PR S bt 44 bt = BRSNS ERATE ERTE .
i | iy e frn st doand S heti sttt b H] S TTR T T qgﬁl}l 1591 EB S
| i ‘ SN | G [ ' A REER NI SR RN
3
LEAKAGE FLOW dm” /ms
! 1 1 1 1 I i 1 1 1 Ll 1 l 1 ! i 4 1 1 1 il L Lt
T T ¥ ¢ I L] A | L ] | 1] T L R T i T T T 1 T 1
1 2 3 4 5 6 8 9 10 2 3 4 5 6 7 8 910

Leakage flow of window frame joints per crack length.
Leakage flow measured with collector chamber method.

Curves marked with dotted line represent the SFS 3304
standard's requirement to airtightness of window

frame joints.
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Figure 7. Leakage flow of window jamb joints to outside wall
per crack length measured with collector chamber
method. With *-marked curves are not theoretically
correct. 1In these cases the air leakage of window
jamb joints was in the limits of the measurement

accuracy.
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through the building

envelope. The pressure test was made by using the fans
of the building.

The total airleakage by using inside overpressure was measured
by the same principle.

In this operation condition only the

supply fans were in use and the valves after the exhaust fans

were closed.

inside to outside over the whole building envelope.

The direction of the airleakage flow was from

The pres-
sure distributions of the various facades are presented in
Figure 10.
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Figure 9. Outside overpressure measured to various facades
g

and floors. Operation condition with the pres-

sure test: exhaust fans on half power, supply

units cut off (valves closed),

windows closed,

outside doors and

all doors inside opened.
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Figure 10. Inside overpressure measured to various facades and

floors. Operation condition with the pressure test:
supply unit on half power, exhaust fans cut off and
valves after fans closed, outside doors and windows

closed, all doors inside opened.
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Specific airleakage value to inside overpressure at 10 Pa is
about two times higher compared with the corresponding value
to outside overpressure at 10 Pa (see Fig. 8). If we assume
that the flow resistance is independent of flow direction, the
result means that there are considerable leakage points on the
attic floor. Due to density differences between inside and
outside air the total airleakage to inside overpressure is
higher than to the same outside overpressure. An inspection
was made with smoke on the attic floor, and we could find un-

tight spots in the wooden roof structure.

If we use for the specific airleakage the mean value calculated
from the specific values at under- and overpressures we can
eliminate the effect of density. According to an estimation
made in this way, the specific airleakage at 10 Pa is about
0.87 dm%mzs. The corresponding air change number is 0.7 h_1.
The air change number at SQ Pa is estimated by using the follow-

ing equation:

50 0.7
Ny = npoc {7E;~) , where (1)
m
ng, is the air change number at 50 Pa, b-!  amd

no is the air change number with the pressure

difference Apm, h-1

The empiric value 0.7 of the exponent is an approximate value.
The air change number at 50 Pa calculated from the above equa-

tion is about 2.0 air changes per hour (h™').

According to the estimation made on the basis of the results

of airtightness and pressure difference measurements, the major
part of the total airleakage of the building envelope (about 70 %)
came through the wooden roof structure when only the exhaust
fans were used. Only 5 - 10 % of the total airleakage (total
air change) came through window structures by the mechanical
exhaust system (System B). We must keep this in mind when read-
ing the measured results of thermal indoor environment, because

the supply air intake included no special arrangements.
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5. INDOOR CLIMATE

The purpose of the climate measurements was to study possible
differences in thermal conditions between the alternative ven-

tilation systems (A, B and C).

The measured environmental parameters in the same rooms at

various systems were:

= vertical temperature difference,
- operative temperature ( = the globe temperature),

- local air velocity and temperature.

According to the measurements in the thermal enviroment of the
building there were no significant differences between the vari-
ous systems. The vertical temperature differences in all meas-
ured cases were under 3 K between the levels 0.1 m and 1,8 m
from the floor. The mean operative temperature was in all
cases about 21 °C. The local air velocities and temperatures,
which did not satisfy the comfort criteria used, were measured
in two rooms at the first floor. 1In both rooms cold air flows

from the corridor caused discomfort.

The total air change of the building (the sum of the exhaust air
flows) was about 0.7 h_1 (air changes per hour) at A and B sys-

tems and 0.2 h™| at C system.

Indoor air quality was controlled only by measuring the concen-
tration of radon in the indoor air. According to the results
the mean concentrations of radon were rather high with the ex-
s ¥ haust ventilation systems examined: 450 Bq/m3 witH B system
v and 480 Bq/m3 with C system. The source of the radon could
= hot be pointed out. Possibly radon is emitted frdm the ground

soil and from the building materials.
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6. SUMMARY

The airtightness of the building envelope was measured by the
pressure test (using the fans of the building) and the air-
tightness of windows and outerdoors was measured separately

by the guarded box method. According to the results the air-
tightness of the building envelope was rather good (about two
air changes per hour at 50 Pa pressure difference). The major
part of the total air leakage (about 70 %) came through the
wooden roof structure and only 5-10 % through the window struc-

tures.

Further investigation is required, as to the energy use:of the

various systems. The source of radon should also be verified.
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