SAMENVATTING

In het Ziekenhuis Slotervaart t¢ Amsterdam (Nederland) zijn drukverschillen gemeten om de
windinviced te bepalen op do luchtstromingsrichtingen door de deur- en raamkieren.
De meetresultaten van de geveldrukken worden vergeleken met die van een eerder uitgevoerd
windtunnelonderzoek.

De gemeten luchtstromingsrichtingen in bet gebouw worden vergelekea met een eerder verricht
onderzonk met een ventilatic-analogon.

Zowel het windtunnelonderzock als het analogononderzoek blijken goed overeen te stemmen met de
werkelijkheid.

I —

o Publication no. 629 of the TNO Research Iastituls for
Bavironmental Hygiens, P.O. Box 214, Delft, Metheslands,

Verwarming en Veniilatle, juni 1978, no. 6 561



~OMPARISON OF INTERNAL AND QUTSIDE PRESSURE DISTRIBUTIONS

»
Fe

it ain Ay

i

L . -u“‘f‘. Q&a“

Figure | i. Intreduction
Fae Sloterveary Hospital.

For Amsterdam's Board of Works and Public Buildings
Flgare 2 the indoor Climate Division of the TNO Rescarch

Floor plan of @ bedrovm floas, Institute for Environmental Hygiene studied, in 1969, the
pressure distributions to be expected around and in the
Slotervaart Hospital to be built in Amsterdam {1}

The five nursing floors (6th 1o 10th floors) of the hospiial
are built in the shape of a cross. Each of its four arms
covers about 5 x 52 m. On cach floor, there is a central
hall on which the four arms open. The bedrooms and a
founge for the daytime are in cach arm on one side of the
corridor and there are rooms for various purposes on the
other side of the corridor, such as isclation 1ooms and 2
ventilation room.
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BEDROOMS
CORRIDOR = HALL —f= The aim was to indicate facilities to:
I L ] — prevent air transports between the arms of one floor:
4, | — maintain an air {low direction from the corridors to
4 ' th both sides, with the windows closed
ISOLATION ROOMS —=AIR TRANSPORT © rooms on both sides. with the windows closed.

DIRECTIONS Figure 2 shows the floor plan of one of the nursing floors:
REQUIRED the required air flow directions are indicated by arrows.

Tu underpin the advice to be supplied, clectric analogue
model techniques were used to study the influence of the
wind on the operation of the ventilation sysiem designed
when using different kinds of doors and windows [2].
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COMPARISON OF INTERNAL AND OUTSIDE PRESSURE DISTRIBUTIONS

One of the input data necded was the expected wind
pressure distribution on the building. In the design stage,
these pressurcs can only be measured in a wind-tunnel,
30 that complementary research on u model was
necessary [3).

From the results of the mcasurements, alterations in the
ventilating system were recommended to meet the require-
ments concerning the air flow directions,

The construction of the hospital was completed in 1975,

Afie that, the new tasks were:

— to determine the air pressure distribution around the
building as a function of the wind direction, so that
the measuring results of the wind-tunnel study could
be tested;

— to determine the air flow directions through door and
window cracks to sce whether the air transport
actually occur as may be expected from the unalogue
experiment,

‘This practical study was performed in 1976. The results -

will be discussed in the following.

2. Pressure distribution around the building
2.1 Iaflucace of enviroament on wind velocity

In nature, the wind velocity tends to decrease with height.
The form of this velocity profile highly depends on the
number and the density of the obstacles upstream, which
may be characterized by a so-called roughness factor Z,,.
According to (4], from which Figure 3 has been borrowed,
the so-called logarithmic law is valid f(or the velucity
profile:

V, InZ,—lnZ, "
Vg  InZy—InZ,

2.2 Wind-tunnel! research

Natural phenomena can be simulated in 28 wind-tunnet
provided that the velocity profile to scale equals that in
nature. This might be realized if a model of the environ-
ment would be placed in the entire starting strip of the
wind-tunnel for different wind directions. Two Danish
rescarchers, Jensen and Franck, have developed a method
creating & boundary of the environment, with abgut the
same velocity profile as that in nature. The roughness
factor of the scale model of the tunnel floor must then be
the :ame as in reality [5). This was achieved by placing
laths in the tunnel in a zigzag pattern.

The roughness factor thus obtained was Zy = 13 mm,
which, in the model scale of 1 to 200, agrees with

Z = 2.6 m in reality, We assumed this roughness to be
equal for all wind directions.

Figure 4 represents the velocity profile measured in the
wind-tunnel as well as the desired theoretical profile. The
theoretical profile refers to the average actual wind
velocities. In nature, the wind varies as to direction and
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COKPARISON OF INTERNAL AND OUTSIDE PRESSURE DISTRIBUTIONS

force. The lower part of the velocity profile in the tunnel
greatly differs from the theoretical one. This also occurs
in reality because there is a strong mixing of the lower air
layers caused by the proximity of the obstacles. From
Figure 4 we see that the measured velocity profile in the
wind-tunnel above 30 cm (which {3 60 m in reality) differs
from the theorctical profile. The velocity in the undis-
turbed air flow at holf the tunnel height where the pilot
tube was placed, agrees with the velocity at a real height
of 70 m.

‘To measure the pressures on the fagades, a total of 58
pressure measuring points were used in the model. The
pressure levels for the eight wind directions were deter-
mined by turning the model. They were measured as
pressure differences in relation to the static pressure at
half the tunnel height. The dynamic pressure (propelliug
pressure) of the undisturbed air flow at half the tunnel
height was also measured with a pitot tube.

Because the pressure levels measured in the model are
dependent on the wind velocity in the tunnel, they were
converted to a percentage of the propelling pressure at
half the tunnel height.

2.3 Practical research
231 Working method

‘The pressure ratios around the building were determined
by continuocus recording of the pressure difference over
the facades of one wing of the hospital (halfway the north
wing, 9th floor).
Tht measuring period ran from 14th May 1976 to 20tk
Jure, 1976, In this period, all wind directions occurred
wizh various wind velocities (0 up to 10 m/s).

To relate the pressure measurements to the prevailing
wind velocity, copies of the wind direction and wind
velocity recordings at Schiphol were sent to us by the
Aircraft Meteorological Unit of the Royal Dutch
Meteorological Institute. The averages per hour of the
wind velocity and the wind direction were derived from
‘these. It seemed justified to use these data for the
Slotervaart Hospital because of its situation near Schiphol
airport. The dynamic pressure at a height of 70 m on the
location of the hospital was derived from the wind
velocity measurements at a height of 10 m at Schiphol to
compare the actual wind pressures with those in the
wind-tunnel.

Equation (1), according to (4], applies to a beight up to
275 m \see Figur= 3) for flat land without buildings,
among which the surrcundings of Schiphol may be
counted. The wind above such country may be considered
undisturbed. The equation appiies to 400 m, however,
for the outskirts of a town, among which the surroundings
of the hospital may be counted.

We see, from Figure 3, that the wind velocity at both
heights may be expected equal above Schiphol and the
hospital. The velozity at a height of 70 m on ths location
of the hospital can now be calculated from the wind
velocity measurements at Schiphed, with the aid of

o4

equation (1). The roughness factor used for the hospital

was Z, = 2.6 m, whereas those factors for Schiphol

varied with the wind direction.

These were sent to us by the Royal Dutch Meteorological

Institute, De Bilt [6], The propelling pressure at a height

:li 70 m on the location of the hospital was calculated
ths

Apgo = pa(vyo)? )

2.3.2 Measuring method

Before the windows, about half-way the length of the
north wind fagade orientation East-West on the ninth
floor, wooden shutters with five pressure points were
placed (see Figure S).

The average pressure of these pressure points represented
the fagade pressure value. The pressure difference
between the fagades was measured continuously and the
the momentary value was recorded on tape once every
20 seconds.

The measurements were processed by a computer, with
which averages per hour of the pressure differences
between the fagades with their standard deviations were
determined. Averages per hour of wind directions and
wind velocities were taken from recording strips from
Schiphol and put on tape. The wind directions were
rounded off at multiples of 22.5° and the wind velocity
at 0.5 in/s. The averages per hour of the pressures
measured were sorted by wind direction and wind

- velocity. The relationship between the averages per hour

of the measured pressure differences and squared wind
velocities at Schiphol was then derived for each wind
direction by stitistical processing according to the
relationship:

Ap = m(Vsaiphat)2? + b. 3

2.3. Measuring resulis

Figures 6 and 7 illustrate the regression lines for south
and west wind obtained with equation (3). The p. i
pressure at 8 height of 70 m on the location of the hospital

e ®
HEIGHT OF ®
WINDOW

® ®
Figusre 3

Wooden partliion for presture Mmeasurements.
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was calculated for a wind velocity of 8 m/s, using (2)

and (3). The pressure differences with this wind velocity
were derived from the regression lines for each of the

In Figure 8, the pressure difference over the north wind is
expressed in a percentage of the propelling pressure at 2
height of 70 m as a function of the wind direction. The
crosses represent the pressure differences found in the
wind-tunnel examination. The number of hours of
occurrence for the various wind directions is expressed as
a function of the wind direction in Figure 9.

24 Concluslons

(2) The regression lines obtained show that a reasonably
exact square-relationship between the pressure
difference over the wings and the wind velocity can be
derived from the averages per hour, .

(b) Figure 8 shows that a very good agreement exists
between wind-tunnel examination and reality.

{c) The wind pressures with west wind were found to be
higher in the actual measurements than in those in the
wind-tunnel, and lower with east wind,

This may be explained as follows:

In the wind-tunnel examination, the roughnas was
assumed the same for all wind dircctions, based on an
average degree of building around the hospital. On the
west side, there are lower buildings in the form of
stores. On the cast side, however, there are many high
buildings up to near the hospital. So, west wind
encounters less roughness than was assumed in the
mode! experiment and east wind a greater roughness.

{d) With north-cast wind, a greater pressure difference
was found than might be expected from the wind-
tunnecl examination. This may be explained by the
high building of the Anthonie van Leeuwenhoek
Hospital which is situated at a short distance, to the

NNE. So, a lighter wind charge may be expected with .

NNE wind and a stronger one with N and NE winds.

{e) With NW wind, lower pressures were found in reality
than might be expected from the wind-tunnel
examination. This is caused by the presence of
buiiuings near the blood transfusion centre.
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S.Mmhﬂolhhldhg f;‘,n:j,,«
3.1 Description of the veatilating systema -+ : -~ ¢
comldeﬁutbemuluonhumlommh.thc
veatilation system was designed as follows:

On each wing and on each floor fresh air is introduced
from the facade into the ventilating room. The con-
diﬁouedllrhledlolhoroomundlhecorﬁdonhmgh
two scparate horizontal ducts.
Omdwtm(oulrmpmtolhebedmommdthe
lounge, the other for the corridor and the other rooms.
makottbcmomwhichlhoneonwpo(uomer
is removed to the roof via vertical shafts,

. Alr transport from the corridor to the rooms is achieved
by removing more air per room than supplying it. The
difference is supplied from the corridor through a -
ventilating crack under the door. .
Topnvmdrmmpombetweenthemonomﬂoor
connecting doors are used combined with a ventilating
mt«mmwbymplymmmm
m{n‘m% o it it e )
mbdnpabommdtmmponfromthehnvhth
.+ connecting doors to the wing corridors. " = #
'l‘hmiongﬂlle(onbeouldoonlrwpplytolhhdhh
" situated on the south side of a roof construction; (partial)
removal of the air takes place to the roof, |
Bywpplyingmoudtpetinmnulonthmremvin;lt.
an overpressure will result in the eatire hospital; this - -
causes, at least with calm weather, an air transport
through the window cracks.

"To limit the wind influence on the size of the air trans-
ports, fans with a rather large capacity are used (high-
pressure system). In the analogue examination, a fagade
coastruction with fixed windows was used, whereas
movable windows were used in the actual situation.
‘Therefore, a comparison will not be quite correct.

s L ww»

3.2 The measurements

‘To determine the direction of the air-flows through doors
and windows, the pressure diffcrences on these doors
and windows were measured. From the pressure diffes-
ences measured and the dimensions of the door cracks, 8
global estimation of the air transports through the doors
can be made.

‘The measurements can be divided into two parts:
- determination of the air-flow directions through the
doors and windows oa one floor of the wings;

o dauminniono(thcnir-ﬂowdirectionuhmmhlhc
halldoononthcbedmomﬂoon.

3.2 Determination of the air flow directions through the
doors and windows on vng floos, in one of the wings
3.2.1.1 Measurement

A whole, not yet used arm on the ninth floor of the nosth
wing was made available by the employer for determina-
tion of the air-flow directions through the doors and
windows of the sick-rooms.

‘Two rooms facing each other about halfway the corridor

oRcilo oo o
- Ot OtO1O

Eofotefol0
T Otetetelo
=2 D@11

v (O+ETETR1®

o wast
situation

v

d

~Ze VOLUME FLOW (mYs)x103

Figure 10
Moasuring resuiss on the 9b [loor in north wing with closed windows.

in this arm were chosen as measuring rooms to determine
the pressure diffcrences on the doors and windows. These
rooms are a six-bed room (on the west side), and an
isolation room (on the cast sidc). Pressure differences on
the doors and windows of both rooms were measured at
rather high wind velocities with different wind directions
and practically calm weather.

Inductive pressure difference meters were used and their
output signals were recorded with a six-line writer.

To deal with the results of the anaiogue examination {2},
the measurements were made first with doors and
windows in the whole arm closed. Because, in practice,
the Coors and windows will mostly be partly opened,
measurenents were also casried out with some doors
and windows open, The most unfavourable situation
will be when only doors and windows on one

fagade are open, either on the weather-side or on the
lee-side. Then, the pressure level in the corridor is
determined for the greater part by the pres.ure on that
facade, which causes a strong disturbance of the desired
air-flow directions through the doors of the measuring

rooms, :

Another unfavourable situation may occur, when in a
room adjacent to ths measuring room, only the window is
opened. The desired pressure level in the measuring room
may then be disturbed via the joint air supply channel.
To determine whether the desired alr-flow directions
through the doors of the measuring rooms were main-

Perwarming en Ventilatle, juni 1978, no. 6
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WEST CORRIDOR EAST
o, WEST WIND
. 0Sm/s

=elgiclalc

OO IS OO

PRESSURE LEVEL (fa)

—2o VOLUME FLOW (mY¥s)x10?

Flgure U
Sfearmring resuits on the il floor of the nerh wing
with spen windows,

tained in all these circumstances, measurements were
carricd out either with only a window or with a door and
awindowinoneohbeadjwentmomsonhcwmﬂng
nomsinopeneondnioa.

5212 Mmurlurmdu Lav
mmeah:yuemuwennlhemasuﬁu!nmu- :
ments used may be considered as practically without any
_ inertia, the momentary pressure distribution may be
regarded as the starting situation. With strong west and
cast winds, moments were chosen at which the pressure
differences oa the facades were practically equal to the
values used in the analogue (|
wvelocity of about 11.5 n/s at a height of 70 m). -~ J
Plgmempmennmwmﬁncmulumdm
ponding measurements of the analogue experiment. ‘

With calm weather (Figure 10a), it appears that the over-.
" pressure in the rooms in the wind in respect of the outside
. is somewbat lower than was adjusted in the analogue.

* ‘The amount of air transported from the corridos to the -
dx-bedmommapondswnhthammhmowm
;- situation in the analogue; thumm:ohkmnspomd

to the isolation room is too small, however. .
mmdm«mmmmhmmm
.- in the analogue examination as s result of an air crack

* about 3.5 times larger under the doors. Thisksnot ~
.- espential for the operation of the air system, however,
because the alr transports remain practically constant fn a

%m«vm Jund 1978, no. 6
£, 4 : Sy ey

ANALOOQUE MEASUREMENT
. WINOOWS CLOSED

withawind

./ @’,jr- B ¢

Figure 10b shows that the air-flow direction through the
six-bed room door does not yet turn with west wind at &
velocity of 11.5 m/s at a height of 70 m. This completely
corresponds with the expectations from the analogue
examination.

With a strong east wind (v7o = 11.5 m/s), however, it
appears that the air-flow through the isolation room door
turns around because the air transport in calm wealher

is too small (Flgure 10c).

in Figure 11a, we see that the air-flow direction through
the door of the six-bed room (all but) turns around when
both the window and the door of a room adjacent to the
isolation room are open with west wind (v4g = 10.5 m/s).

The same was exp :rienced with an open window in an
adjacent room on the west fagade (see Figure 11c). This
means the desired air-flow direction will be maintained
when the air transports through the doors are correctly
adjusted and the windows of the room under study remain
closed.

Figure 52
Measusing results of the hall measuroseonis on the 10k floss.
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3.22 Determination of the air-flow dmmon through the
hall doors to the bedroom floors
3.2.1.1 Measurement

‘The dltfumonthc(wrlulldoonofmh
floor were measured with four inductive pressure -
difference-meters on each bedroom floor {sixth to tenth
MMmmﬁmulymdedbyadx-um
writer, in two situations:

== with windows partly opened in the four wings,
corresponding to the actual situation;

-= with closed windows in the four wings. This could not
be done oa all floors (1t to 10 th floors) simultane-
ously, for practical reasons, though it would have beea
in better agreement with the analogue examination.

When, in fact, the windows are closed only oa one floor

it may be expected that the pressure level on this floor will

increase. This may bring about an increase of the air
volumes carried off and an air transport via lift shafts and
lhelikcloothetﬂoon.’lhaeettecnwmnotukenhm
account in the analogue examination.

3222 Measuring results

‘The average values of the pressure differences recorded
were determined. Figure 12 illustrates the measuring
results in the actual situation on the teath floor for some -,
weather conditions. For comparison, one result of the .- -
analogue experiment is given. However, with another =

- wind direction. The average pressure levels were deter-" "'
minedwhhmpectblhepmuninthnh:ﬂwhichwuj‘ﬁ

.~ assumed to be zero. The sizes of the air volumes trans-
ported were roughly estimated from the dimensions of the
doumhqndmepmdmmmmumq. ik

.?:m%é

33 Cuchllnuwwu R

1 Compnﬁn;lheocmrﬂnzpmumdmmamdnk
with the analogue results, we find that the
hﬂdomtmlmah—ﬁghtthmwuexpectedinme
analogue.

b

2. luppeanthuthedsuibuﬂonofwmnspominthc
four wings is rather good for low wind velocities
(Figure 12b). This goes for the other floors, too.

3 ‘The desired air-flow directions are maintained with
" strong winds (Figures 12, ¢ and d) except in the porth
* wing with north-cast wind, The reason for this is that
oﬂydnmhgudeinthiswinghnmonblewm-

. dows, and the west facade has not, = .. - :
: Beumeoowpmutcndwopenmorewindamonma‘
;" les-side than on the weather-side, dependent on the -
* wind velocity, the underpressure wiil becoms approxi-

mately alike in all wings. This is not possible in the

. north wing (eighth and tenth floors), however,

*. Opening of one single window on the weather-side ... .

. already may cause & considerable pressure increass in
. the whole wing through the rather large ventilation
aachh;md‘i.athcdoonandpmduccmalrtrmpon
- to the :

4. Propereompuhonofthcmuminxm\duwhh

B, g Fatw j’

closed windows on one floor with those of the
analogue proved impossibls. It was assumed, in the
between the floors because it might be expected that
model examination, that no air transports would occur
the same pressure level would result on each floor.
But when oaly the windows on one floor are closed,
the effect mentioned in section 3.2.2.1 will oecur
influencing the air volume flows through the hall
doors,

5. Often, the hail doors were opened for a short time
during the measurements to let people pass. Because
the doors were operated mechanicslly, they always
opened entirely and remained open for a certain time
(about 20 seconds). Thus, it was possible to conclude
from the measuring results what its influence Is on the
transport directions. It appeared that there was some
pertinent effect when the windows were closed. In the

- actual practical situation, however, the degree of
disturbance depends on the size of the pressure
difference which must be settled when the door is
opened and on the number of open windows in that

~ wing, \

4. Flasl conclusion

It may be concluded that the model examination has
slood the test of practice both in the wind-tunnel
examination and in the analogue examination,
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Thell: Why ls often only the north-south of the easi-
pressure difference measured, which, in diametrically
opposed fagades? The pressure difference between two

facades with a relative position of 90° may likewise have

much inﬂuemonﬂuexpected air-ﬂowdlrecdomln

Answer; Mhmeﬂ.kmmbemminedﬂmwﬂch
fagade pressures may be of importance for the
investigation concerned and these must be measured. In
the floorplan there are only facade openings in rooms

situated on either side of a corridor. Consequently, the -

wind pressures oa the head fagades were not measures
beuuetbeydonouﬁecﬂhevenﬂlmnuym :

Stein: Didyouukemenuwhhopenwindmm

both sides of a corridor system?

Amcr-Ya.wedid.’lhpmminthecorﬂdorm
adjusts itself to a value lying betweea the two facade
pressures.
Thepmelevdhtheeorﬁdormybcoompuedwith
that in & situation that all windows are closed. The desired
pressure level will be disturbed most if the windows are
onlyopmedononesidcoftheeonidor.ne:efore,wc
onlyshowedthiumumedmuﬁon.

Brandsma: 'How are the volume flows determined in
pmdee?

Answer: Ourmmhmtimedatdetemlningthcﬂow
directions through door and wind slits, and not at finding
the dimensions of the volume flows. To determine the
flow directions, so-called inductive pressurs difference
meters were used; they are very sensitive and practically
without inertness. The flow directions could be derived
from the pressure differences measured over doors and
windows. If one ulso wants to derive the dimensions of the
volume flows from the measured pressure differences,
one must know the C-values of doors and windows. We
found that the C-values could easily be calculated for
doors only, because these had clearly measurable slits.
volume flows through the door slits roughly

in this way are indicated in the floorplans.

Bmh luppnnfrom Figure 11c that the flow direction

lhxou;hthodootwhhlwindvelodtycl 11.5 m/s Just

Figure 12d, however, we see & simllar situation.
For you said that the windows on the east facade were
open and thoss on the west side could not be opened.
Nowumwbemwroncbecauuthuk-ﬂawh
dinctedtotbeball.ﬂowunthm twocondidonsbe
W“w i

An:wer. Wc h:vc seen tlut openlng of wlndown only

. causes an increase of the pressure level on the weather-
ﬂdcinthccorﬂdot of the wing concerned (see Figure 11c).
;" 1t appears that this pressure increase just does not disturb
.. the desired flow direction from the corridor to the room.
- However, there will be an air volume flow wit increased
- pressure from this wing to the hall where the pressure
lcvelhlower Theteforc,!’izumucmd 12d agree.

/k’;; B i
",n»?" *,i-a e

Friéllnk ‘In your pnper you advised that after all movable
" windows should be placed in the north fagade of the
tenth floor. Is this the only solution?

Answer: In the wing in question movable windows were
only placed in the east fagade and in the :-ci8 one,

- In the other wings, however, movable windows are
provided on both sides. The pressure level thatin a
corridor adjusts itself lies between both fagade pressures
when the windows on both sides of the corridor are open.
If often lies nearer the lee-side pressure, however, becauss
the users tend to open windows more frequently on the
lee- than on the weather-side. 'This effect did not occur in
the wing concerned because the windows could not be
opened on the lee-side,

. There are two pousibilities: either movable windows in
both fagades or, if this is not possible, closed windows in
both facades.

1o the latter case, an average pressure level in the corridor
will adjust itself. However, it will be a little higher than
that in the other wings.
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