2255

#2255 ANC 2204

Charles M. Hunt!

Some Induced-Pressure
Measurements in a High-Rise
Office Building

REFERENCE: Hunt, C. M., “Some Induced-Pressure Measurements in a High-Rise Of-
fice Building,” Measured Air Leakage of Buildings. ASTM STP 904, H. R. Trechsel and

P. L. Lagus, Eds., American Society for Testing and Materials, Philadelphia, 1986, pp.
135-150.

ABSTRACT: Induced-pressure measurements were madg in the tower of an eleven-story
office building using a fan of 7.55-m?/s capacity. The fan was used to depressurize the
entire tower as well as a single floor. Sulfur hexafluoride (SFy) tracer gas was used to trace
air movements from floor to floor during single-floor depressurization.

Average flow coefftcnents of approximately S X 10~* m¥/m? « s - Pa®® for the tower
and 7 X 1074 m¥/m? - s - Pa®® for the single floor were estlmated from single point
measurements. The effect of opening and closing office doors also was determined.

By simulitaneous solution of flow equations for the whole tower and a single floor, it was
estimated that about 80 to 90% of the airflow during depressurization of a single floor
came from floors above and below. From SF, tracer gas measurements, it was estimated
that about 50% of the flow could be traced to the floor below.

The pressure difference measurements upon which the previous estimates ave based
were in the 3- to 10-Pa range. Uncertainties in the estimates of flow coefficients and air-
flow from above and below are discussed in the text. The results essentially are descrip-
tive, but they suggest an expetimental approach to the determination of flow coefficients
for modeling through the wall and for floor-to-floor components of airflow in building
ventilation.

KEY WORDS: ventilation—large buildings, induced-pressure tests in buildings, air
movements in buildings, sulfur hexafiuoride tracer measurements, infiltration

Fan-induced pressure tests have become a common method of assessing the
tightness of homes. Air is blown in or drawn out of a building at several mea-
sured rates, and induced indoor-outdoot pressure differences are measured.
There are published descriptions of the method [/,2], and there is also an

IChemical engineer, retired, Center for Building Technology, National Bureau of Standards,
Washington, D.C.
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136 MEASURED AIR LEAKAGE OF BUILDINGS

ASTM standard, Method for Determining Air Leakage Rate by Fan
ization Test (E 779-81). C s

Induced-pressure measurements have been scaled up for use in large build-
ings. although the logistical problems become much greater than with single-
family residences and increase witti“the incréasing size of the:building. If a

Pressur-

o

... building has a central. forced ventilation system, it may be possible to use the

' building's own ventilating fansv;[‘3]..‘,HQ"\;\;ever-;"ilt is sometimes difficult to ob-
" tain an accurate measure of flow-{ragte'.lp:articu'f:élrly when there are a number
of fans, each supplying a different sone. or when a bnilding may not have a
central, forced ventilation system. An alternate proc:cdﬁre. where possible, is

to use a high-capacity fan which may be moved from building to building.

i, Shaw describes such a fan, with a maximuil capacity of 24 m3/s, which is

" used to depressurize supermarkets 4] and schools [3]). 1t operates from its
own trailer and dtaws air from the building through a long Q.9-m-diameter
duct. : ke At

‘The present repert desctibes exploratory tests in which a fan with 7.55-
m3/s capacity was used to depressurize the tower of an cleven-story office
building. This fan had about one third the capacity of the one used by Shaw
but was-much larger than those normally used for single-family residences.
The building, having an envelope area of nearly 7000 m?, was larger than the
schools with envélope ateas from about 1100 to 2100 m?{5] or the,supermar-
kets with areas from about 700 to 3500 m? [4]. Thus the: present.measure-
ments were a test of equipment as well as of the building. The fan was of a size
to enable it to be moved through doors inside the building. Use was made of
this‘fact to depressurize@ single floor and to compare floor-to-floor flow resis-

S :gance with that of the exterior envelope. Sulfur hexafluoride (SF¢) tracer-gas

5 1

B

e

"' inFig. 1).

‘ fneasurementsr!v'bere used’ o trace>air movement from floor to floor during
single-floor fan operation. R
Air exchange rate measurements of the building were previously reported
[6]. The present reportisa preliminary work to measure the flow resistance of
__internal and external elements of the building structure and to aid in analysis
© " of air movemeéfit through the building envelope:and within the building.
A .. Tyl “ RPN .
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. The 7.55m3/s axial fan and the accessories that were used to depressurize
" the whole towét of the'building and a single floor are:shown in Eig. 1. The fan
motor was 3740 W (5 hp) and was driven by a 7000-w,:230-v Lsingle-phase,
gasoline generator (also shown in Fig. 1). The starting winding connections of
the fan motor were modified to permit ;n{gpuﬁgl,pﬂpcr‘afgqp{ig order to accom-
~ modate the starting load. Flow rates were measured with a Pitot-static flow
' n}lonitoring as;g;nbly’ with a built-in flow straightener that wasimounted ap-
“proximately one fan vgi-_am‘et,elr‘. or 0.77'm; upstream from thefan (also shown
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fiH “FIG. 1—The-V.55-m/s axial Jon, Sflawmeaspring as.;;e,mb[_v,,-;qﬂq_ 7000-w generator used in
* .infuced-pressuye tests. w e - . U

. C— : ' ' EEENA15) EAN) K OV
- JE B . ' 1091 L

% £ oAy vt g, gl e
“A gds chromatograph:with an elgctron capture de_t;g,to;j.,\ii__a_;sj;gcsfed for the
SF, tracer gas measurements, It fuasincorporated in.a semjiautomated air-
sampling system that was-a compacg:modification of the apparatus described
previously [7].
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Measuremsnts were made in the tower of the Adrpi,flljistration Buiilding of

the National Bureau of Standards, The tower, comprising Floors 2 through

11, is separated from the rest of the building by a mezzanine that contains

most of the mechanical equipment for the building. Thetower has its own

' véntilation system. A diagrammatic representation of the building is shown in
" Fig:22. Dimensions of scme.of the important structura| elements of the tower

I are giver in Tableétl, ¢ ..., L e {
2l MU e T Li i | |
206! 4 i . e T 0T OO0 Tour
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Whole-Building Depréssiéization . O - oo
) : TG e o TR T
Yol The fan:was placed at the first+floor. level, whg;e it drew air from the tower

through a closed stairwell and vented it into.a c_ourtyf;,ird. This p_psi'tion is des-
ignated in Fig. 3 as Fan Location 1. Pathways of air egress W{ére opened to
facilitate depressurization, while air intake pathways were' sealed or re-
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F1G. 2—Fan qndflowjfpeasurirzg apparatus in position for drawing air from the sixth floor
and ejecting it into the stairwell. E N

TABLE 1— Dimensions of the tower of the Natiotial Bireftiof. ™"~
Standards Administration Building.. .

[ Numbdrof flogts . N 10

- Floor-to-floor distance B Jim
! e Floor area per floor 2 e - 890m? -
" Qutside wall area per floar A s 11500 m*

Total envelope area including:fop; . . .
.ang bottom surfaces, . A 6 780 m? Tiv ¢
Total qu!_un'!c i Y ERY D 37 11,28:000 m

s
stricted. For example, doors.in t,h,c_IWest stairwell where the fan ‘was located
were opened, while doors in the east stairwell and on'the first floor and in the
basement of the west stairwell were closed and covered ‘around the edges with
thin plastic films. Plastic sheets were sealed over the stairwell, toilet, and ele-
vator vents, as well as over ventilation grilles in the stairwells.

Unsealed plastic sheets were placed in the air handling units to restrict in-
flow of outdoor air. These sheets did not provide complete seals but covered
the open areas. Smoke tests during fan operation-shbwed no airflow around
the borders of contact, which'indicates that the main leakages were elsewhere
in the building.
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FIG. 3—Vertical section through butldmg along an east Wesruxis.
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The fan was then turned on, and indoor-outdoor pressure differences were
measured between the north, \51de of the biiilding andthe hall at the second
and eleventh floof fevels with-a Magnehelic?.gage, Measurements also were
made with a capacitance gage as a calibration-check.-The fan was turned off.
and the cycle was repeated. The average breSSure différence due to the fan
was 3 Pa. This difference is smallerthan co,mmon,ly observed fluctuations due
to wind. Thus, a single fan of thi§'size did notudeliver; enough air to develop a
curve of fIOW‘rate versus inside-outside preksﬁfe’dlffé%ence for thls bulldmg
enough to permlt stable and repeatable measurements and, for descnptlve
purposes, to permit some rounded estimates of the tightness and flow charac-

¢ ter:stlcs of the building to be made

~Aniempirical gquation common‘ly uéed o repbesent flow as;a function of

pressure difference is TS i vy
paldios o == = ' 1 LY ;-1[": M
5 i 104 « Gie = . ‘ w
Y ' AR )
< PR (e S ST =y a4 - m "
where _ ‘ LR A N PR
‘Q '=airflow rate m /Sr _ T : “

A =:drea over which flow 1s dlstrlbuted rn 2

2Proprietory names are used to more accurately describe experiments. This does not comprise
an endorsement of the product by the National Bureau of Standards.
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140 MEASURED AIR LEAKAGE OF BUILDINGS

Ap = indoor-outdoor pressure difference, Pa,
k = ayerage flow coefficient of the flow area, m3/m? - s+ Pa%, and

n = flow exponent. ' g -
Average flow coefficient-treats the flow resistance as if it were homogeneously
distributed over the entire envelope area. According 10 Eq 1, the average flow
coefficient of the envelope of the Administration Building tower s 5% 107*
mi/m? - s Pa06s_ using the envelope area from Table 1 and assuming a flow
exponent of 0.65, a commonly used approximation [3-6.8-10). ~

Ina computational analysis of air infiltration in tall buildings. Shaw and
Tamura [8) used an estimate of 0.93 w 10~4 m¥/m? - st Pa®-t% as an average
flow coefficient for walls of average tightness. 1f ‘this value is substituted in
Eql,it predicts that a fan delivery rate of 7.55 m3/s would produce a pressure
difference of nearly 46 Pain a structure with the dimensions of the Adminis-
tration Building tower. A modern single-family residence of good construc:
tion, but with no special provisions for building tightness such as plastic films
in the walls, was observed by the author to have an average flow coefficient of
1.33 X 107+ m*/ wt - 5 © Pab®, This coefficient would correspond to a pres-
sure drop in the Administration Building tower of 26 Pa. Finally, 2 yalue of
1.5 X 107* m3/m? - s” Pa®® has been calculated using data obtained by

Shaw [9] for a five-story apartment building. This would corréspond to @ pres-
sure drop across the towet envelope of about 21 Pa. Thus, the envelope of the
Administration Building tower was loose compared_tp these other structures,
but'the previous examples are cited to point out that a fan capacity of 7.55
md/s ‘might be sufficient to develop flow-pressure:f-.r.-e:lationships for some
buildings‘=of'the.size of the, _Administration Building tower. ., .-

On the other hand, in measurements of schools, Shaw and-Jones (5] esti-
mated average flow coefficients to be 3.0 X 1074, 5.0 % 104, and 7.0 X
10~4 m¥/m* - s ° Pa0es for buildings of tight, average, and loose construc-
tion, respectively. Corresponding estimates for supermarkets (4] were 2.7 X
10-4, 9.6 X 1074, and 16.5 % 1074 md/m? + s - Pa¥® These latter values
are more in line with the estimated coefficient of the Administration Building
tower.

Shaw's supermarket study also presented datain which Eq 1 was applica-
ble to pressures as low as 3.5 Pd. Tamura I 0] developed an air infiltration
model in which the average flow coefficient in Eq 1 serves as the measure of
tightness. He applied it to houses and obtained satisfactory agreement with
infiltration rates obtained by the tracer-gas dilution -method.

However, the laws governing flow through building surfaces are an area of
active research. Work by Sherman, Grimsrud, and Sonderegger [/ 1] present
evidence that Eq 1 s not applicableover the entire pressure range of interest
in air infiltration. At high and very low pressures‘ for example, flow rates are
reported progortion:al to the ‘square root of the pressure as in orifice flow.
Meodera, Sherman, _ahd Grimsrud {12} developed an infi!t}jation model which

f

i




[

HUNT ON A HIGH-RISE OFFICE BUILDING 141

I “ ' ' '

uses effective leakage area instead of the average flow coefficient as the tight-
.. ness parameter. They define flow at low pressures by

a ) ' ; . 'I ) =8 2 L
ot :f. - -- Q :_—:"f‘ —‘pr I ;(I.l. (2)
| ) ’ T P '
where L ) Eoraye i, _ »
' A I B o
_ “Q =air flow rate, m’/s,- 7
’ L = effective leakage area, m?, - ;
' ! p = density-of air, kg/m?, and" RTINS
e A-’p = indoor-outdoor pressure difference. .. ¢
. At pressures 1n the range of 10 to 60 Pa, flow 1s defmed by
=l Z : ] . Q = Kap" ¢ . (3)
' e i ) 2 LACIR
! ﬂ il E »’ I
where -~ | '
o RIGE g, o .
e Q= axr flow rate, ’m!b/s e L ! s
i e Ap = indoor- -outdootfpressure drfference, I
) flow exponént Jand e 75
s1in K—— a graphlca'l’l‘ydeterrmned gonstant., ﬂ ‘
" i Equation 3, has a form 51mllar to Eq 1, where K ha/s the san}e dimensions as
_ kA. Since, aec¢ording to the model, the relatlonshlp betw,een Q and p changes

" between 0 and,60.Pa, a more generahzed'dd‘efmltrlon of Lyjs |,
i ‘ Ne o0 oy

S IGD fan y ‘
o X -Ir Pe el o 55 Kw (&pr)n—l/Z o e (4)
LT SR t : S i (all)
- ) cd o , - RISTIPTS
! Lo naggy- gefr B s ) . [ (o JS
where o E i
' . : LT
W gy J L'= effeotive;Jgakage area, m?, .
By “ K = graphically, dete}'mmed constant,
do oy, o p o= dedsity of gipcke/m',  © T
' n:=flow expepent appropnat’é to‘the pressure and
besii o b Ap, =:pressure. d.Ltﬂ,gence at an arbitrarily, selected- reference pressure, se-
gire x| lented by the, authors at 4 :Pél’ L ST
. ‘]-‘f:t" ! ) 1 §= r 1 i . }' ‘ : LN )
W 6 .. Smt:e the' presenl data are, based ona smgle point, thi& flow exponent, 1.
i i " Eq 1,is an assunted value which i is: gonsrdered represéh‘ﬂa:tlve of a number of

burldmg‘s 1at intermediate pressures. If Eq 2 is taken agithe governing equa-
' tion, a pressure difference of 3 Pa af.a flow rate of 7.55-m3/s corresponds to
an effective leakage area of approx1mately 3.4 m?. The data are unsuitable to
permit full application of Eqgs 2, 3, and 4.

- .
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Single-Floor DepréSsurizaﬁon ‘

The fan was moved to the sixth floor (Fan Location 2 in Fig. 3), and air was
drawn from the hallway and ejected into the stairwell. All doors to the out-
doors at the top:and bottom of the stairwell were opened to minimize back
pressure. Figure 2 is a picture of the fan in position. and Fig. 4 is a diagram of

the floor plan showing the location of the fan. The pressure drop on the sixth

“floor produced by the fan \‘gas,;mgaéured':betwe'en the hall and the west, or
"nonfan, stairwell. | “

It was noted that 13 office doors which opened into the hall could be
opened at this floor level, When they were open, the fan-induced pressure
change was S Pa. This is only slightly greater than the value obtained during
whoie-building-dc—npressu-rization_..which suggests very low resistance to airflow
betweei floors. When all doors were closed. an induced pressure of 10 Pa was
observed. Tgm ok Mo o I s

The area of the envelope of a single floor is 7280 m? (Table 1). If flow is
averaged over: this area, it.is equivalent to ‘a flow coefficient of 12 X 107*
m3/m? - s + Pa®® with doors open and 7 X 10~4'm3/m2 s - Pa®* with
doors closed. o
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FIG. 4—Typical floor plan §howinglocation of the fan on the sixth floor and the location-
sampling points: % = fan location (sixth floor): 1) = Jocation differential pressure gage: B =
network sampling points (fifth. sixth, and seventh floars).
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'Fan-Tracer Measurements
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; LAt
To tracg air movemg:ﬁt;bétweén ftoors duringfan operation, SF, tracer gas
concen'trati,ig;n, was mqpiiored 48'a furction of time -on the fifth, sixth, and
seventhf.__floor;s. Sampling networks were‘used to sample on each floor, with
sampling pdints distributed at floor level at locations indicated in Fig. 4. Each
netwprk integrated the flow from the four sampling logations on each floor.
The fifth floor was seeded by distributing 100 mL of SF, over several loca-

. tions, and the fan was turned bn. ‘The concentration of tracer gas on the fifth

and sixth floors is plotted as a function of tirhe in Fig. 5. No tracer gas was
detected on the seventh floor. After an élapsed:time.of 75 to 80 min, 100 mL
of SF, was released near the window gtilles on thé fourth flgor. The amount of
tracer gas reaching the fifth and sixth floors from the fourth floor caused only
a small-;rénsient 'incréﬁse in the concentration. This small effect suggests that

. most of the upward rﬁq‘y'f'émeht’ of air to the fan came from the floor immedi-

ately below. “

7.
I

Analysis of Air Movement Between Floors

To analyze air movement between floors, consider the concentration of
tracer gas on the fan floor to be expressed by the relationship

). =

60 1 1 o ] I I I i 4 I
~ mdRN 291,
Yix- SFg RELEASED ONSth FLOOR
50 |- MOMTORED ON Sth-5th & Tth -

LATER REWHK SUPPLY GRILLES ON 4th FLOOR
s

30

SF6 (ppb}

20 ; ; o -
i SFg RELEASED ON 4th FLOOR

10

o T i N (RS M| (NN S S, S LR
0 10 20 3 4 50 60 70 8 9% 100 10

0+ ..ELAPSED TIME FROM SFg RELEASE. (min)

120

o

A

F1G. 5—SF, cohdentrarion onvﬁfth-:dnd sixth floors after, relékzgg on'the fifth floor: A = fifth

I m__,m._m:a—-_

Jloor hall network (SF, releuse floor): O

= sixth floor hall (single point near fan): & = sixth

Sfloor hall network: (= = Initial concentration of fifth floor (bused on volume of SF, releused und

volume of space).
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—g-(l 7 e_lj’) VAT : ve (5)

Cj =
. Vi

where ]_( _“ ;:s:.:f .
¢ = concentration of tracergasat the jth (fan) fl_,Qpr,L
g = rate at which tracer gas enters the jth floor,
n Iy= air exchange rate of the Jth:floor, K, . - _
j; = volume rate-at whichi air enters and leaves the jth floor, and
¢t = elapsed time! - ' S

S 4 - . .
‘ _| IC /.j[ E 3N

However o

g = civy (6)
)" ) H’ti ] T"“’ ) 11!1)" T ) .
where . ioh
) o
¢ = concentration of tracer gas on the ith floor where it was released, and
;= volume cate at which aif passes from ith floor to jth floor.
Substituting Eq 6 in Eq S

A ()
a2l P Vi, .

Thus the fraction. of total ajr, flow entering and leaving the j th floor which
comes from the ith floor, v;/Vj approaches c;/ ¢; with ireredsing time. The
foregoing analysis is idealized and assumes perfect mixing of tracer gas on
both floors. N ' S

In Fig. 6, ¢j/ci 1s plotted’égainst time and levels off somewhere near 0.5.

‘,01 | T T T — o T T
Al i
Ci. -
' e
1 S _
Falrie i g8
] | | ! i |
0 w20 ® & 5 6 700

ELAPSED TIME (min)

F1G. 6— Ratio of tracer gas concentrations on the fan floor to that on the source floor, ¢/Ci
plotted as a function of time.
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" According to this analysis, aboiit half-of the air reaching the fan floor came

from the floor below. Because of structural similarities from floor to floor. a
comparable volume of air also should come from the floor immediately above.

It is also possible to make an independent analysis of floor-to-floor air
movement from the fan depressurization. data. “The outside wall represents
about 23% of the exterior surface ofsa single floor (Table 1), The total airflow
is the sum of floor-to-floor and.outside wall flows. If it is hypothe31zed that k.
the average flow coefficient of a singte floor, is a weighted average of coeffi-
cients for floor-to-floor and outside wall flow, then -, -

k =023k, + 0.77 k, ¢ (8a)

where k,, and k; are the flow coefficients averaged over the outside wall area
and the areas between floors, respectively. When office doors are closed, this
corresponds to S

Rl 4
LV TORSS R

ANtV

] 7i%10T4 = 0:23 k;;[,%H‘O.77 kyo o (85)

Similarly, the area between the tower and the lower floors represents about
12% of the tower envelope area. Thus, fqr the tower

SX107* =088k, + 0.12k 9
LS irat by , o U o i .
»Solying.Eqs 8b.and 9 simugtaneou’srly {eads to the-empirical values
: R e ) o we ] R e

L3L0T L

{ 3 oQoe IS
m RS P) PRy
k, =5 X 10 (
. | { v = . m?-s - Pads VI 1
. ST LIS room )
J
s owa - m
ok =8 X 1074

i
m2 o aO 65

Taking into consideration the relative floor area together with these flow
constants and wall areas leads to the estimate that, during depressurization of
a single floor, 84% of the air comes from floors above and betow and 16%
through the outside wall. - .

If, for purposes of approximation, it is assumed that opening 1S office
doors on each floor produced an increase in flow coefficient proportional to
that obtamed for a smgle floor, an analv51s with doors open leads to the
equatlons ¥ ' P T E;'”'

1o

12 X 10 -4 < O 23k, + 0.77k; (10)

12/7 X 5 X 107 = 0.88k,, +0.12k, (1)
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and

k, = 8 ><":10_v;‘?:-‘ ’
_ m

kf = 13 X 10"*4

mz S .rpao.bs

and 84% of the:air. is calculated to come from the floors; aboye and below.

- In this gnalysis. airflow from.above and below are treated as equal. This
- assumes :notst»rjﬁctgra»l) ‘di‘sl_s_imilaritiesl between the two floor interfaces. Thus.
42% of the total flow is calculated. to come from each direction with office

doors-clesed;or epen.:. s
The assumption of equal flow from above and below distegards any possi-
. ,blestack effect, The stack pressure at 31 m, the height of the tower, would be
about 1.2 Pa for an inside-outside temperature difference of 1 K at an average
temperature of 299 K (26°C). The average pressure difference across a single
floor would be,one tenth of this or 0.12 Pa. If the average flow coefficient
. between floors is13: X 1074 m*/m? - s - Pa%%* and the floor area 890 m?,
according to Eq 1, the flow rate at.0.12:Pa would be 0.3 m?/s, per degree
~ inside-outside temperature difference. This is 4% of the total flow of 7.55
m3/s. If flow due to fan and stack effect are additive, equal flow from above
and below would not exist. On the other hand, if flow is fan-dominated, anal-
~ogous tothe:loss of stack effect in-building-infiltration ‘at moderate-to-high
wind speeds [13], there would be no stack effect. At the time these measure-
..ments were made, the temperature in the west (nonfan) stairwell was 0.5°C
- lower than the outside temperature of 26°C. Thus the stack effect, if any,

_ would Have been$mall and negative. N

Y

.. Measurement Uncertainties ., 8 o 1(\ h
The foregoing analyses, based on single point measur@mentsédéi not permit
- experimental determination of the flow exponent, 7, nor do they provide an
.. estimate of the repeatability of k, the flow coefficient, or F, the combined
fraction of air coming from above and below. Howeyer, it.is possible to deter-
mine the sensitivity of k and F to differences in n by repeating the calculation
at more than one assigned value of 2. The values n = 0.55and n = 0.65 have

+  been selected for the purpose. o TP ET I A

It also is possible to estimate a range of k and F values corresponding to a
“given uncertainty in the pressure measurement. For Magnehelic gage mea-
--surements, a value of 2.7 Pais selected. This number is based upon several
< -separate measurements of O as a function of Ap in a room in the same build-
" ing. The data were fitted to Eq 1. and 2.7 Pa was the pooled standard devia-
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BEE T

tion [/4] between the measured Ap and the values from the equation. A
pooled standard deviation-is used instead of a simple standard deviation be-
cause five sets of measurements were made, each with different leakage path-
ways sealed. The whole-tower measurements, on the other hand, were simul-
taneously made with-a Magnehelic,gage and a variable capacitance gage, and
both gave the sahe result. For computational purposes an uncertainty of
*1 Pa is selected.
'Table 2 simmarizes the valies of k éaleulated with'n = 0.55andn = 0.65
“'and also the range of values corresponding to"the spécified pressure uncer-
tdinties. The ranges of k valués are’ rathér broad, particularly in the doors-
| ‘open tondition. It also should be noted that the effeét pressure uncertainty is
unsymmetrical. A negative differential pressure displacemeént has a larger ef-
fect than an equal positive displacement. - - S
- """ “"The calculation of F involves the'simultanéous solution ‘of two:equations
P ‘such as Eqs-86 and 9, each with a large ranige'ini the value of k. The corre-
', Spording ranges of F-have been cajculated-and’dte given-in~Table 3. This
© calculation represeénts 4 “‘worst tasel” That'is, if the'k valug #6r the whole
tower is at the upper end of the fangdin Table 2. thé vilue forfhe Single floor
=90 s at the lower end, and vied versasi o I - £ 0wl
Thetesults'in Table 3 fidicats thai there is no maghificdtion of errors in
o . P L ; 3 PR 1 e

MYy o ¥ b R (0 O | QL 1.

AT T ;i 1 o 1 an 2l s qovd s il sy
T S TABLE 2-+.Effecn f specified uncertaintiesin p and n on the calculated gverage flow
oy o (sogfficients lgverage Hloy coefficients 107 m?/m? - S o Pa).;
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n = 0.55 WL oI 65

! b % v ——

- o ji e )
p s K

o Range . g,k L. Range

Whole tower Pa
Doors closed 3 +

Sto8

.5.

Doors open

7to 15°

e

(4SRN "\'j

Sto7
7to 15

1 Sriovi, Doorsiepen o

Single floor v, S
90 Doot's idlesed - )< 105402, 707 4 gin 8toll 1. 7% 6109
S®£27 -, 14 11 to 21 k2 9to 19

L e ETRER S . . P
" “Whole towglj' ga‘nge of"lc"wit}/]‘%ldo‘rs closed multiplied by (18 + 2:7/54 2.7} to estimate range
I with doars openi ki, open = ‘Kool ciosed X012/ 7, oo g

= S B L T 4 a1 ™ (e
W \;,(‘.i\ ST . [ ) :(\’;,“: % 'f\’-STOr‘
TABLE 3— Effect of specified uncertainties in p; and n on H, the‘;fruc'n'on."d)j'-'bn‘}'flowing
A TR Te [V TR i Jrom above 4id, belowedyring fun operatign.
ks s T 068
< CR N S 90 P L = S ;
fi v Ry, . Range i f e Range
 Doorscldsed ' 087 07740002 0.84"" 0.74 t0 0.89
Doors open 0.85 0.68 to 0.96 0.84 0.59 to 0.94
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the calculation of F. In fact, there is partial cancellation. Also, the range of F
is unsymmetrical with respect to the values calculated from measured data.
The best estimate is probably between 0.8 and 0.9, which corresponds to
about 40.to 45% flow, from, above or below. This estimate compares with
about 50% from below by SF, tracer gas measurements. These results are
essentjally descriptive, but they suggest an experimental app_rdf;ch to the de-
termijnation of flow poef,fici,eq_ts fq;,}mode}_ing hori_zontal and'\'e:r_tical compo-
nents of airflow-in building ventilation. ;o ;

a{shir

Summary and Conclusions’ - AT

Exploratory depressurization measurements were made in the tower of an
eleven-story office building using a 7.55-m’/s fan: Some of the'salient obser-
vations and conclusions from these measurements are:

1. The fan developed pressures in the 3- to 10-Pa range: It isestimated that
about 60 to 70 m3/s would be required’fo-develop a pressure’ difference of
50 Pa il the whole tower. A o L

2. Under wind conditions sufficiently calm to permit-stable pressure read-
ings, a fan-induced pressure difference of 3 Pa was obtained. Assuming a flow
equation of the form

[ TRRES!

mie ulie ; Q — kA(Ar‘;j)Q-,"?

} b TS mLte ' o

an average flow coefficient of 5 X 107 md/m? s ¥ Pa%S was calculated.

" 3. A single fldor of the building also was depressurized, and the opening

"' and closing of bffice doors was found to influence the induced pressure. A

value of 10 Pa was bbtained with all office doors closed and 5 Pa with 15 doors
opén. These values correspond to flow 'coefficierits of “7 x 1074
H3/m? - § « Pa%S and 12 X 10~ *m3/m? - s - Pa%%, tespectively, when av-
eraged over the envelope area of a single floor. - e B

4. Flow to the fan was treated as the sum of the fraction of air passing
through the wall, f, k.., and the fraction coming from floors above and below,
f;k;, and is expressed by the equation I

k = f.k, + fik

Simultaneous solutipn, of floy equations for the whole to’_(i""er and single floor
‘lead to estimates of k,.:and ky, which permit calculation of F; thefraction of

* air coming from the'floors above and below, by the relationship '
. i L RE} g m o i :

g Ptk
: L ffkf +fuku
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F was estlmated to 'be about 80 to 90% of tHé total flow, or about 40 to 45%
from above or below. = -

T It was estimated from’ SF(, tracer measurements that about half of the
Vair rezichmg the fan durmg depressurlzatlon of 4 smgle floor could be traced
o the floor beiow. ' Lo
o6y Ranges of uncertamty in flow coéff1c1ents and‘the combinedfraction of
“air f#6m above and Bélow are gWen in'the téxt. The’ results of the foregoing
analyses are essentially descriptive,’ but they suggést an’experimental ap-
proach to the determination of flow coefficients for lateral and vertical air
movements in modeling building ventilation,

. B
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i, &onversion of SI to English units DE LY e, e
1. Pa X 0.004015 = in water (F,;0). A
w2, md/s X 2118.9 = ft3/min. a
try - 3rm/s X 196 35S = ft/mm
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4. m3/m? - s - Pa® X 196. 85(0 004015)" = ft3/ft2 . mgp.;g,(i{p H,0)",
- _=: +whera,n is the flow -expenent.; ;-
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