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Introduction

chromatograph with an electron capture detector
ene u plus other accessoriesl/ Similar apparatuses have
est r been usad to determine alr leakage rates in several
alt s ¥ nati houses and smaller structures with considerable
depends upon the deteil to winich one wants to succpfc2’3“4‘5/ However they have not, to our
. 1 e - = L 25E . S L =3 0,y ©
ana s 2 re 1 - stanc -
d"“*jze.t?f results. Fox inaL:?;e, ec?fés ox krnowledge, been used to measure air leakage rates
energy bilis before and after the retrofit can be of en oocunied high se o“‘icc building
3 3 1, A i .J_ s re .
used to identify the magnitude of the energy saving = cup e T @
sft‘ar? ?thl:xf%yhtO;;T33C&tf Thfl?fgn’ffdi Ofi This study cannot be c**ﬁd as conclusive proof that
ffVlng°Aas+7 Fesuit ?fﬂ“jﬁﬁPa“tlci :C cox;ﬂhvif on either of the techniques are absolutely cerrect;
i:ep;h%.i :?f O:%ezifxff%“f’ SOT?bfT%ysff”““c‘*zg however, it will be shown that there is excellent
o @ach enérgy System and an es ishment ol the agreenment between them. Consldering that.the two.
existing comfort conditloms in the bullding are o 3 A P )
o a . methods are based on completely different physical
required. This latter determination is necessary principles, it does give some confidence that
s . . z fel ies 5 & SOT LLaiCeT [
50 that 1f the energy savings are due in part to o
e :»‘{ F‘%, o AR either the direct method or the tracer gas. method
meking the space less comfortable (which reguires .
.

e di
] s \ .
.. e . - LN . can be used to estimate a bullding's air exchange
virtually no engineering innovatlon), this may be - N
r <

duly noted.
- . . X R s Descrizpticn of Test Bullding
The intent o ject discussed in this paper
v energy and comi . . -
rbcff?z buil N The nine story, square cross-sectional Union
e bu . o e PR B .
Y v;wv~m - Plaza buillding, which was occupied by the Federal
Gp:121“:fa Power Commissilon in July, 1973, is located in
Tequlred aac 1 N . . : .
R o dovntown Washington, D.C. Exterior dimensions of
nfileration s 8
,'Cﬁ::_j :“:r“ ned the building are 57.6m (189 ft) x 57.6m (189 ft) x
: o“3;iﬂ‘j:°4;;,“&c » 28.3m (93 £r). The exterior walls of floors three
5 &y i:c““ é - Zﬁ:‘ through nine ccnsist of precast concrete panels
g. The measurements - . ;
Lo TUE mEeSM-cmEnbe with exposed aggregate backed by batt insulation
tdec the totai, i o s FINEEN o
ere which could 1 with 1.3 em (1/2 in.) gypsum board on the inside.
X JALCD COu De N . .
t‘vo;:b the ;"e of Thne windows are single pane of grey plate-glass,
TR meE e ounted in aluminum frames and sealed. TFloors
lon, the tracer

[N
t ot

one and two have a miwture of store-~-front glass
and face brick.

loor is below street level, but there is
pace around the base of the bullding to
id wrencevays on all sides including a
ervice entrance and loading dock. The only other
cpenings in the bullding ave located on the roof,
as shown in Figure 1. These include the elevator
shaft vents, record lift shaft wvent, tollet exhausts,
door from west stairwell to penthouse, and first
floor kitchen exhaust hood vent.

[5)
39
3]



B

yieble alr volume system. g0 air handling units
[&=] 3

The core and perimeter zones of floors two through
aine, which have approximately 27% glass relative
co the exterior facing, are serviced by the main

T

P

3 A

rated at 49.1 m3/s (104

cac 00 cfm), are located
in the first-floor air ndnd"ug room. One supplies
zir to the north riser and the other to the south
riser. On each £floor, the supply ducts from each
of the two risers join together at the end of their
runs.  The air-handler room acts as a plenum

Air which is d*awn through thc celling of each floor

t handler room via the masonry duck
the space3not occupiled by supply eir risers.
aximum of 21.2 m”/s (45,000 cfm) of outside
may be introduced into the air handler rcom
hrough first-floor level air louvers comnecting
he mechanical room, which has alr inlet dampers
o the outside. The first floor, which has a
obby, snack bar, kitchen, cafeteria, liquor store,
benk and information center is supplied with air
from a separate air handling unit independent of
the maln system.

to
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Infiltration Rates by Tracer Gas Technicue

In the measurement of ailr infiltration by the
racer dilution method,a t* cer gas is distributed
roughout a building, and the decay in concentra-

tion ig measured as a function of tine. theory
of the method can be briefly outlined by comsidering
the governing equation for the uniform cozn
of a tracer gas in air as a Zunction
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antratd
of time:
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t
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where C are respectively the outside and

of tracer
ate at which ailr enters the
the rate at which air leaves
s there is a buildup or lozs of
ventilated volume of the building, and v/V
air-infiltration rate per uait time. By
selection of units, v/V has the units of
changes per hour.
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however, when manua
t 1s common practice

and calculate the
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slope of the lLine. should glzo be
toted that it 1s not necessary to know absolute
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jeed

tracer concentrations to calculate infiltration
rates since relative concentrations, Ci/CJQ, are all
that ave naad»d -

Concentrationg of SFy in zir were measured with a
small gas chromatrograph eguippad with a pulse-mode
electron capture detector. Sampling points are
shown by number In Figure 2 which 1s an abridged
diagram of the air handling units in the building
and theilr assoclated space. Sulfur hexafluoride

was metered into one of the
ndicated in the Figure,
s were monitored
upoly duct. Spot
sampling points to
In one series of

Zzns at point A
and concentrations
downstream at point 1 in the
checks were also made at the other
etermine tracer unlformity.

tests, samples were taken from

of the

une corridors on floors twc through nine as a
further check on uniformity.

To determine infiltration rates, the SFg level was
built up to a suitable level (usually about 20 ppb)
allowing 15 minutes or longer to reach steady state
conditions. Samples were then taken at timed
intervals from point 1 and analyzed.

of relative concen-
the total alr exchange
nese exchange rates
different days with the
cutgide air ven @ anc with the outside air
vaats open, c The calculated infiltra-
clon rates are indicated beside the respective plots.
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wera measured on

(23
A
<
®
f

2

- 1.
Alr Bwch

rah Direct Meazsurement and

second,

indepencdent ichnique for deter-

mining the total air exchange rates involved a
combination of measuring and calculeting exhaust
rates for the building. It was assumed that

quagi~-steady state conditlons existed and that total

alr leaving the bullding equaled that incoming.

The building was well suited
ates. As described above, en
are located only on the 5
caznnot be opened, aad all wven
the main air hendling
througzh nine as well
located ectly on

exhaust
to the building
the windows
ciated with
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determining
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sten gervi
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roof or in the p
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in as
dire the pen _Housc.

There are the
record 1lift vent,
"omens' toilets,
the we
Zloor

the

elevator s
the mens' and
opening to the
St&llwcll. The exhaust
tchen was not ccnsiccred
n alr ndling system.
t nmeasurement of pressure ference
walls of the bullding indicated
through nine were always slightly
rized by the main units. Thus,
ation could cccur external wall
1%5ed f“ow the °econd

fts, the
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e enfiltration ra
flow rates through
exh“ust units VCIE determined
& vane anemometer.
Lou”h the wﬂ,ls o_ floors two ti
e first floor were
nts were
ation 1ctes. The
ble 1 for two different
ts closed and open.
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through ocutside
e roof vents

rom velocity
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in the total exi
re pr;sewt n
outside v

&~ T
s a d in Ta
ions, air ven
All of the exhaust s

with a vane anemometer at the roof vent location.
Each vent hags a gr;ll gimilar to that on the record

1ift vent located on the nerth side of the penthouse.

ysten velocitles were mezsured

P
S
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The flow rate through any grill is:
- 3

Q = AVn8[m™/s] 5

A = vent area (grill cff) (m“]

V = average velocity across the face of the vent

within the grill [m/&]

n = ratio of V with grill on to V with grill off
8 = ractio of V based on long periods of operation

to V based on short tests.

cedure for the elevator vents only was to
ure V for each vent with the grill off; because
grill slats made the exit flow patterns cuite
orted. hile the main elevators and record
were operating, V was determined as the average
ve dings tzken with a vane znemometer over
vent for one minute perlods. The
the record 1ift vent could be
outside the grill, Ll.e., inside or
Thus, af V for
hout its grill by measuring from
ocutside, 11 was put in place and the
readings repeated from inside the penthouse. The
ratio of the two average readings was 0.528, which
was considered the same for all vents since all
grills were of the same configuration. It was found
that V determined over long perlods was s;inn iv
less than that for one minute periods.

The pro
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because of the unsteady flow conditions due to the
somewhat random operating cycle of the elevators.
Several lenger tests were made and it was determined
that V based on one minute test periods could be
corrected satisfactorily by the factor B8 0.80.

The procedure for the tollet exhausts was to
measure the flow with the grill in place because

it was a simple screen and the flow pattern was
regular. The n value was therefore 1.

L&
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the exterior walls o
calculated from:

The leakage rate,through
buildinz, Q in m /s, was

Q=gq4
where .
. 3
leakage rate per unit area m”/
(s * m"), depends on the wall
construction (porosity) and the
\ pressure difference, AP across

the wall.

q

w

A total exterior wall aree

In general little is known about determining q
theoretically for conventional or contemporary
building construction. Usually q must be
cetermined experimentally. Fortunately, scme tests
were carried out in Canada on buildings similar in
construction to the FPC building, and the results
were reported by Shaw, et 218/ It was found that
the leakage rites for the walls of these type
bu;ldinws are approximately the same as those
tabuiated in the ASHRAE Hendbook of Fundamenta
for 13-inch plain brick wall. To use this dat&,
AP across the wall must be known. Therefore,
measurenents were made across the four walls
of the FPC building using a sensitive pressure
transducer. The messurements were made at the
seconc floor level and at the ninth floor level,
for the two cases, outside air vents closed and
outside alr vents open. The pressure inside the
building was always higher than outside the
buildirng.

7/
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7o determine q from the ASHRAE data, average values
of LP from the second and ninth floor data were
vseé. Thus,

with outside air vents closed:

P =6.97 Pa (0.028 inch H,0)

s =28 %107 03/ (s - n?) (3.3 ££5/(h - £62))

with outside air vents open:
p= 27,4 Pa (0.11 4inch HZG)
¢ = 7.3x 107 m/ (s - md) (8.6 ££/(h - ££2))

2uring the days these tests were run the wind
velocity averaged <5 MPH and the temperature
fferences between the interior and exterler was
°F. It would be reasonable to expect higher air
change rates than determined here under more
severe weather conditions.

-'l
<5
ex

he second story floor construction was such that a
$0T08 1ty value one-half that of the exterior wall
ves assumed. The roof was assumed airtight.

:nd Conclusions

The summary results of using both the tracer
55* and direct measurement technique are listed
z Table 2. The tracer gas results were directly
in terms of ailr changes per hour; however, the
direct measurement results were not and 1t was

recessary to estimate the total unoccupiled volume
{ret air space) of the building. This net volume
deternination was made by taking the differenc
tetween the total volume Indicated from the
architectural drawings and the volume occupied by
the furniture, etc., which was approx;wa*:Tv 13%.
‘he occupied volume was estimated from physical
ceasurements in a typical offlce. The net volume
wes then divided intc the total air flow leaving
building to obtain the figures listed in Table

rect measurements em
it can be essumed th
th nreasurements o
gas technigue 1z e
.07 but e s
ly .03 air "Katgcs pexr hour, basad

i: is regarcded as somewhat fortultuouc that the
‘iiferences between the two measurement methods
5]
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The fundamental cr ria for the tracer gas technique
o be accurate is good mixing and good sampling.

Thils building was ventilated by two fans within
supply and return ducts which were interconnected

on ewery floor. This in effect, made the entive
building a single zone ventilation system. This
effect was verified by noting that upon injection

of the tracer in the sup»ly fan at point A of

Figure 2, detectlon of almost equal amounts was

;ndiCeted at positions 4 and 3 at the came time.
Alsc once the gas supply was shut off, the decay
rates at any of the measurement stations were the
same. A second factor which made this test
environment Ideal was the weather. With low wind
speeds, small interior/exterior temperature
differences, and continuously positive
pressurized bullding, the variations due to stack
2ffect, ete., within the building were minimal.
t was thua possible to obtazin good sampling from
the equipment room alcone with only spot checks on the
econd and ninth: flcors to assure uniformity.
Alp¢-cg_*ons where building and weather conditions
v : n those found here may require
considerably more effcrt and/or may result in
considerably less accuracy.

Lo

iad D 'h

Two observations concerning this specific building
re that (1) the overall air system was not ’
balanccd (vositive pressure condition) d (2) a
significant portion of conditioned air was being
pumpec out the elevator vents. Thils latter condition
indicates that there would be good potential for
Y gy on:¢“v ;cq th’ough e_ ther using thermal
ecycling of the

2
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-~ MAKE UP CLOSED
0.36 AIR CHANGES PER HOUR
Q

C/Cio MAKE UP OPEN .

06~ 0.92 AIR CHANGES PER HOUR
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FIGURE 3
Table 1
RESULTS OF DIRECT METHOD DETERMINATION -
OF AIR EXCHANGE »
Air Flow Rate
Qutside Air ) Cutside Air
pfs ¢ % Temal /s efn 4 Total
: flevator Vents 1.5 2100 22 4.7 10000 29
“ailer Exhausts 3.0 6500 46" 3.8 8000 24
Strirwell to Penthouse 0 0 2.5 5200 14t
0.47 1000 7 1.2 2600 7"
3500 247 4.2 9000 25"
6.7 14100 99" 16.4 34806 99"
Difference 6.97 Pa (.028"H20) 27.4 Pa(.ﬂ"H20)
cen Interior Table 2
and Exterior .
irp RESULTS OF AIR ZXCHA
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DISCUSSION

A

XKelnhofer, Hunt and Didion,
tion of Combined Air Exfil-

nd Ventilation Rates in & Nine-
ice BuildingV
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avid Didion - Response

The only simultaneous comparison we have
made of different tracer gases was between
SF6 with molecular weight of 136 and He with
a molecular weight of 4 (C. M. Hunt and

D. M. Burch, ASHRAE Transactions 81, Part I,
186-201, 1975). This comparison was per-
formed in a 4-bedroom townhouse. The He
results averaged slightly lower than those
cbtained with SF,.. The purpose of the com-
parison was to détermine if He disappeared
faster than SF, because of its faster dif-
fusion rate. éhis effect was not observed.

Other gases have been used as tracers such
as: ethane (R. H. Elkins and C. W. Wensman,
paper presented at Institute of Gas Tech-
nology Conference on Natural Gas Research
and Technology, Chicago, Illinois, March 3,
1971); nitrous oxide (0. M. Lidwell, J.
Hygiene 58, pp. 297-305, 1960); carbon di-
oxide (J. E. Hill and T. Kusuda, ASHRAE
Transactions 81, Part I, pp. 168-185, 1975);
and carbon monoxide (R. Prado, R. G. Leonard,
and V. W. Goldschmidt, Purdue University Re-
port). There are also additional gases
which might be used as tracers, but we are
unaware of any simultaneous comparison of
different gases other than the one cited.

Charles Erlandson

Was the positive pressure of
£loors? Did you

higher wind velocities?

.028" ‘constant
take readings at

David Didion - Response

Pressure differences across the outer walls
were asured on the second and ninth floors
only, and for practical purposes they did

not vary from each other.
er wind velocities were not taken.

Preston McNall

Could the OA be measured directly? If so,
OA-exhaust air equals infilt: i ex-
filtration) and could check on the cal-
culated exfiltration.

(6]

Readings at high-~

[e2)

David Didion - Response

L pitct-static tube traverse in the outside
zir ducts could have been used to determine
outside air rate with the outside air vent
cpen. This was not done because of time
limitations However, vyour suggestion is
well taken reciated.

]

cur Y
them to return
an outside air quantity measurement.
sidering that it was almost two years since

Con-

‘the other measurements and that institution-

al constraints disallowed a proper pitot
traverse, the measurement could only be very
approximate. The only convenient place to
use a vaned anemometer was at the exit
planes of the outside air ducts as they en-
tered the fan room. Unfortunately the dam-
pers are also at this plane and the airilow
correction factors for such dampers is un-
known. However, assuming a correction fac-
tor of .8 the total air flow was determined
to be about 37000 cfm for the dampers in
the fully open position. =«

: . X
John Palmerx

Was any attenmpt made to evaluate change in
elevator shaft openings in relation to out-
side air vents being opened and closed?

David Didion - Response

levator shaft vents for the building
fixed geometry and always open. If
iltration from these vents could be
or eliminated, a substantial savings





