e —

\

1§ THE USE OF THE WIND TUNNEL IN THE

' ANALISIS OF NATURALLY VENTILATED
STRUCTURES

* AUTHOR : B.J.VICKERY

'* PUB : INTERNATIONAL PASSIVE AND HYBRID COOLING CONFERENCE
| . AT - 1,2D16,

| “,




CLASSIFICATION OF AIR MOTION SYSTEMS AND PATTERNS

Arthur Bowen
School of Engineering and Architecture
University of Miami
Coral Gables, Florida 33124, U,S.A.

ABSTRACT

periodically, experiments have been conducted
at research establishments to understand air-
Blow behavior and to record wind patterns.
}Hoat of this work investigates lateral motion
‘and the information is scattered. Further-
more, Vvertical air motion in buildings, al-
though used for centuries, is not clearly de-
fined. This paper is a factual record of
' completed work from reliable sources through
jn graphical vocabulary of typical wind pat-
Lterns in and around buildings. An introduc-—
tion is given to problems accompanying high
velocity winds,.

1. INTRODUCTION

Fressure differences, between any two points,
results in air motion. This may be at a glo-

ﬂ bel scale, where prevailing directions are in-

variably constant with desirable velocitieas,
or at a local scale governed by land-water
(Fig. 1) or topographic (Fig. 2) relation—
ships. To establish design indicators it is

| relevant to determine the human needs for air-

flow under varying conditions (Fig. 3). The
hrerizontal transport of an air mass is a con=-
| sequence of large scale differences in air
. pressure, This horizontal pressure "gradient
wind" can only be observed in its undisturbed

state at upper atmospheric levels. The earth's

surface acts as a brake on the velocity, a

| factor of considerable importance on the lay-
er near the ground. Wind speed, therefore,
is a function of height (Fig. 4). Adr will
flow in a laminated manner, unless it is dis-
turbed, causing separation and turbulence

(Fig. 5).
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2. AIRFLOU BEHAVIOR AND PATTERNS

Wind flowing perpendicular te a cube, decreases
in velocity when it reaches its face, High
pressure zones are formed on the windward

side, pushing air around the sides and up over
the top. A portien is, however, diverted
downward creating an eddy at the windward base
of the structure. This windward eddy will
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HUMBER OF OCCUARENCES PEN ANKUM WiTH
SMEAN WIMD SPEED OREATER THAN INRiCatED

most of the data collected in the many studies of clad-

20 The Evaluation of the Ground Level Wind ding loads on tall buildings. Most wind loading codes
Conditions at Three Points Near 2 60 Storey quote pressure distributions for design purposes but,
Tower [After lsyumov“s)l again, these are usually maximum values and are not

suited to the computation of flow rates.
been published in a form which is not suited to

ilation problems. The study described in reference Data collected prior to the 1960's; such as the exten-
volved tens of thousands of measurements of mean sive work of Chien et al(lg), was commonly derived
f“mﬁ on a variely of low-rise building forms in dif- [rom tests in smooth uniform flow and must be viewed
t terrains and for varying wind directions, but the with suspicion. The work of Jensen and Franck(?)
ished data is concemed almost exclusively with contains useful data for a variety of elementary isolated
imum values. The original observations have been building shapes. Data concerning the distribution of
ved in a computer compatible form but have not wind pressure on buildings in the presence of numerous
published. The situation is similar in regard to other structures of similar proportions (e.g. a typical
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Fig 15 Distribution of Internal Flows and Pressures at Floor 14 for AT = 5°F, V = 7 mph N, Fan Flow =
23 x 11,400 CFM
pradient speed exceeds some value Vi » has a direction the flow rate exceeds @ is given by;
in the range @ to 0 +df and the external tempera- i
ture lies within the lower and upper limits, 7y and P>Q) = [ PVaiQ, 4), 8ITy, <1< Tu) a9
T, If the relationship, OV, 81, is re-written as -
I/G(Q, &), the speed required from direction & and the number of hours per year, NQ , for which this
to achieve a flow 1ale Q, then the probability that Nlow rate will be achieved while the external tempera-
et 1
TABLE I: FLOW RATES AT FLOOR 13 FOR VARIOUS FORCING Py RN -veptable bounds
CONDITIONS is simply AQ =B7260 A> Q).
L Provided that the climatic data and
inNow Through OuMlow Through Flow to Vn:ﬂcal—‘ the wind tunuel data are in a computer
Farcing Canditions Sints Siots Veni - -
Temp.t | Wind"* Fan*** CFM CFM CFM ‘ compatible form then computations
o o 17,400 11,150 o 11,150 of the Lype outlined above arc readily
$'F [ 0 0 2,000 - 7000 made, It is nof suggested that the
_IFF [ 11,400 10,700 0 10,700 . o .
°F o o o 2800° 2,800 questfon posed above is sufTicient to
5°F 171 11,400 25,600 14,100 11,500 pemmit an ¢valuation of a proposed
s'e 17N 0 19,400 13,500 - 60 ventilation scheme relying, in part,
$°F 35N 11,400 45,600 32900 12,700 o
SF 15N 0 39,900 17,100 2800 on wind induced flows but other
questions can be approached in a
s r_r . -
] !
% Cradient mpeed in mph similar manner and quanlitalive
*** Fanflow asan aversge per floar (CFM) results obtainaed.
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loints for each ol 36 wind direclions. For the purposes of

i
fs

ki circuﬁ‘lfercnlial zoncs per Noor. Decause of the
|ature of the ventilation system i1 was possible t¢ analyse

“hemalhcmalicnl medel these measuremenls were

ed to deline the extemnal pressure in 782 rones with

3 e building in iwo stages with the upper and lower 23 Noors
oors being examined separately, At each floor the in
mil structural was modelled as seven olfice arcas, 2
Liling plenum aud a seclion of the main veriicat venlila-
jon ducl. For the upper 23 floors this medel involved
r;g'f iniernat regions and 391 external regions. the lalter
vith specified pressures.

il Iy
Mechanical Fleor

Al venl "ots open on Moo 5. ¢,
7,812, 13,14, 15 10,21, 22. 23

North will venis losed on floons
1,23, 4.9, 10, 11, 16, 17, 18, 19 P\

(i) three wind dircctions, and
(iv) Ihree fan aperating condilions.

The wind speeds £{°;} are mean hourly values of the
gradient wind speed and correspond 1o prebabilities ef
excecdence of 50% and 10% tespectively. The nature
ol the oulput from the compuier program is shown in
Figs 14 and 15 which show Lhe Now distributions at
feor 14 for the lollowing conditions;

Fig. 14: Ve = 17 mp from North
Ti="T, = 5°F

No forced lNow.

Fig. 15: I’G = 17 mph [rom North

U= . - S

Exhaust fan at top of ventilalion
shall produces a fixed flow of
23 x 11,400 CFM.

The flow rates shown in Figs. 14 and 15

23 Floan
300

\“ Venl Slol Approx 022 L2 /1
MNoar

Mechanical Floor

30’

L
T RS Sl e S T T DN S Y

!g. 13 Approximaie Dimensions of Building

}terna] Mows were computed for

? two wind speeds (F; = 17 mph and 35 mph)
i
!] two temperature differences

(Ty= T, = 5°F and I0°F}
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Forlk Wall

are CFM and the sign is such that a flow
(Q,’.-) from region i lo region j is
posilive if j > i, The pressure distribution
is given in inches of water, Since Lhis
fMoor is roughly midway in the upper sec-
tion the *‘stack effect’” flow into he ver-
tical shaft is small when the lan is inoper-
ative but the external pressure distribution
produces a cross-flow of aboul 19,000
CFM.

East Wal

Computed flows into the vertical ventilation
shaft are shown in Fig. 16, the group of
curves marked “‘[ree” represent the flows
with the fan inoperative and those marked
“forced® show the flows when lhe exhaust
fan is operating at 23 x 11,400 CFM. The
marked inerease of flow with heipht in the
case of the forced MNows is due 10 the pres-
surc drop in the shafl and the fast that the
duct characteristlics lor each floor were as-
sumed to be identical, i.e no attempt was made to
balance the flow per floor by choking the ducts from
the upper levels. The “cyclic” variation with height is
due to the assumed configuration (shown [n Fig. 12)in
which the north-wal) vents are closed on about half of
the building. The ftow distributions at Noor [ 4 for ether
eondilions are summarised in Table 1. The variation



alsa DY Givoni17), In xddition, both these works con-
1ain extensive references,

Apart fromcomparatively small, simpie structures, the
jost promising method of evaluating inlernat flows is

g hybrid technique employing a physical model to
determine the external pressure distribufion and & math-
ematical model of the interior. Pressures delermined
from wind iunnel tests do not inelude those components
due to “stack effects’ and, for high-rise structures, these
are of significence, The inclusion of stack effeets is,
;owever, quite simple and the external pressure is given

by;
P, = P,,—4AY "z

where Payy = Cpy #a vg?
where Cp = pressure coelficient determined from
| wind tunnel tesling

¥Vp = asuitable referenee wind speed

¥l = air density

z = height above ground

Ay = 9. —m

Te = specific weight of extemnal air
7 = specific weight of internal air
i~ T, |
Ay = ——— b
T 000 P
T, = exlernal temperature (°F)
T; = intemal pressure °F)

,\ technigue employing external pressure coeflicients
neasured on solid models can be employed to compute
ptemnal flows only il the flow through the structure
loes not disturb the Mow field. This will be the case if
he porosily of the walls does not exceed about J0% 1o
0%, Al higher porosities, flow through the structure
1] modifv the external pressures and flow rates comn-
uted from “solid model” pressure coefficients will be
¥erestimated, In high-rise structures however, it is
nikely that wall porosities would approach the above
mit,

}1e {ollowing section cutlines a mathematical modelling
tchnigue while Seclion § describes a case study in

hich the hybrid approach was cmployed 1o examine
‘e internal flows in a 600 ft. building incorporating
mitilation stols which produced a wali porosity of the
der of 214% .
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4. MAT][E.\lIATICAL MODELLING OF INTERNAL
FLOWS

The computalion of the internal flows induced by the
external wind induced pressures and 1he pressures in-
duced by temperature differences cannot, except lor
lhe mosl simple cases, be accomplished by hand, The
computational procedures are, however, well established
and involve the solution of a set of non-linear algebraic
equations, The development of a malkematical model
of the problem is now cutlined;

(i) the exterior surfaces of the building are divided into
a selected number of regions the size of which will
be determined primarily by the magnitude of the
pressure gradients on the face. For a mullistorey
building this will normally require aboul [our sub-
divisions per floor for each face of the §tru-:ture,
with additional regions on the roof if this is vented,
The mean external pressure in each of these regions
will be denoted by Py, 1 =1, 2... N, where
N, is the number of cxternal regions.

(i} the interior of the building is divided into egions
which might include, for example, the major ofliee
arcas, the ceiling plenum, the mnain vertical duct, and
leakage paths offered by elevator shafts, stairwells
and pipe ducts. The mean pressures within these
regions will be denoted by P, i=1,2... N},
where N; is (he number of internal regions.

(jii) Tha flow characleristics of the connections between
regions are defined by relationships of the [orm;

(P;— P
= p_pM
@i Cy i~ IP; = P

where Oy is the flow from region i to region j.
The cocfTicient C‘-j and the exponent Al are
properties of the phvsical conneclion belween
regions { and j, For venlilation as opposed o
infiltration the connections will penerally be suf-
ficiently large Lo ensure that the flow is virtuaily
independent of Reynolds Number and hence,

and Cy = CdAo\/f

where A4, = area of conneclion
Ty a discharge coefTicient






