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i ABSTRACT
Pooe Various methods for determining air change rates in o building space are
Y . aitically investigated, end  “ ative conclusions are drawn from the data.
R .
§ Several buildings are used for the determination of air change rates in )
{ .
§ potential shelter spaces by gravity circulation alone. The bulldings vesy -
i .. .
f in size, use ond configuration, and air circulotion paths are changed tn . L
¥ AR
each building in an effort to determine optimum conditions for gravity ven= .
tilation. An experimental test focility is used to check out and refine in= N
strumentation, equipment, and procedures. ‘
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: | PREFACE o '
o The ventilation of o shelter is one of the major items of cost, particulorly ]
‘ ‘- when existing spoces are modified for use s shelters. It is recognized
. ‘ from the batic physics of air moverent that heot in occupied spaces, under
. certain building configurations and with the advontage of commen vertical .
. ducts, offers opportunity for a certain smount of noturel circulation.
. . Therelore, if sufficient quantities of fresh air entered a space by naiwcv.
. means, the problem of ventilating thot spoce in cote of power failure R
-.ﬁ‘ would be reduced considerably. It would also be possible to eliminate ;x- "
X peralve filtvation equipment which is normally needed when o mechanical
T system with high velocity intoke is provided, |
- . Tha current shelter incentive progrom ond the current shalter progrom which .
' the federal government is funding will have a sigaificont omount of eftort .“.i:j
| devoted to the ventilotion problem. The Office of Civil Defensa is there- oo
- . ; fore deeply interested in gutting answens to the wentilotion problem. ST Aw
i -
: .
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T . INTRODUCTION ba s
; | BACKGROUND | S i
© Much information relating to the need of human beings for specific con- o
- ‘ :
S ditions of the atmosphere has been occumulated over the yeons. _'ﬂ\ca e
“ _ : conditions involye temperature, humidity, air movement, oxygen, carbon :"‘.'_‘.4
' dioxide and other gaseous content, as well as the inter~dependence of ) M
. L.
: those factors, The tolerance ranges for these conditions have been deter- SO
; mined for various levels of comfort and for mony occupancy conditiors, :‘_:::‘:
: However, tolerability or the comequences of prolonged expasure to '.tj:::
} .-‘_a
’ . environmentol extremes outside of the "comfort zore® have ot been ‘..,:,.
- . precisely defined, particulorly with respect to the effects of age and state 'fj::.
o _ ‘ of health, S
e
. There s also o considerable omoun? of information avatloble relating to N
g : the mathads by which amblent tempercture, humidity, oir movement, and S
a gaseous content ore controlied. These methods opply to both open and .
closed spoces, ond invelve both regenerative ond non-regenerative systess, -
: Information concerning the effect which humam, onimals, equipment ond :':-‘:
, mochines produce on the enviromment is slie ovoiloble. :".‘,:
. In peocticolly all of the pertinent literature, in all of the controlled experi« |
‘ mantation, ond in oll of the published criterio decling with protective shelten ‘]
! ) ...
o
B 1 R
o o
‘ "‘i A e crn o — - —————— 4t e et O ‘:::‘
= MO
d! .
W 1 “.'..




up to this time, the need for fresh air has been satisfied by bringing thot

v e ——y S B4 P :
U

PR I R )

o«
.

= : air in from outside the building. (Figure 1 clarifies air flow terminology - K2,

used in this report.) This has created o number of problems which hove o : ,

required ingenious, costly, and sometimes undesireble solutions. In order

to exclude contominated particles from o follout shelter, for example, it

is frequently necessary to provide screens, protection boxes, speciol intake.

terminals and/or filters. Filters, in tum, have created special problems of S
: space, shielding, replocement, and disposol. Power equipment, in oddition .'1 m
o | to being castly, also imposes a heavy load on the ventilation sysiem for its L' w
’ l own air supply and exhaust, and cooling mquiremeﬂs.. | ‘ a3
. W | OBJECTIVES |
| ‘ The purpose of this study is to consider natural ventilation systems in urtdn )
| :'.:‘. protected Spoce; in selected buildings. The project objectives ares one, | )
:f : 'f to develop relichle techniques for measuring the notural Influx of fresh ond
T: inlet olr to lorge shelter spaces; two, to make pilot studies of matural vene - ;
: ;-f tilation phenomena in typical spoces designoted for shelter use in existing
structures; ond theee, to invastigote practicol meons of improving Mﬂcﬂm.
. scopt e
. F a.“. kX
-‘:: ::‘, The project is keyed into the current shelter identification system ond the .“;::ji'.: '
‘ shelter survey progrom, whereby o thelter spoce must have ot lecat o potentiol # :":“1:'_::
. occupancy of 50 perons to quolify o8 0 community shelter, such to be marked ) L‘
. Q and stocked by the federal government for thot occuponcy. The space will ‘ :.‘»
] *'._ ' have o Hloor oreo of ot leost 500 square feet. This specific project is fimited, o ““‘
2 - i
: )
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W AR

EXHAUST AR

i

CIRCULATING AIR
B>

TEST SPACE .
INLET
AR

SCHEMATIC DIAGRAM OF AR FLOW CIRCUIT

Definition of Terms:

INLEY AR any air which enters the test spoce of the intet,
OUTLEY AR olr ejected from the test spoce ot the outlet,
FRESH AR alr entering the building from the outside.

EXHAUST AR olt ejected from the building to the outside.

CIRCULATING AR - eny flow of olr within the building .
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generally, o multi-story buildings becouse of the. enhanced.potential for

effective shelters agairst fallout in such existing spaces. The naturel ven-
tilation of an isolared or a typical undesground single~puspose shelter will
not be considered. The problem is complicated by the foct that the .spacg
must be studied in r;lotion to the totol building system ond to the usuol -

labyrinth of vertical ducts.

CLIMATIC RANGES

All work was conducted on the compus of The Pennsylvania State Univetﬁ'y.
located in the rolling hills of central Pennsylvonia (Barough of Stup College,
Penmyivanio), ot opproximately 41° nocth latitude. Tests were conducted
during the spring and summer months while outdoor temperatures ranged be=
tween 45F ond 85 F,

GENERAL WORK SCHEDULE

Within the time avaticble, o limited vorlety of building situations was
investigoted. In every case, the essential ingredient was o space which
would serve adequately as o community shelter with o minimum of alter~

ations or modificotion,

Canni Jeroble time wos ollocated in the fint vt building for developing o
workeble procedure and for checking out test equipment, Once that process
hod been refined and settled, the time speat in on octvo‘l test series could
then be limited to two or three weeks. Some of the bullding considered

were suitoble for two or more series of tests with changed conditions each




Cw

time, while others were of such s'mple arrangement that a single series of

tests would suffice.

The first test building used woas o high rise dormitory (Euﬂd‘ng No. 1), a com=
plete dacnphon of which is given in Chophr 3.

The next building (Building No. 2) was o three-stoty classroom=loboratory=
office building with a full basement and a partial 'a‘ab-bosement. The sub=
bosement was uzed for the test space. A full description of this buildingis
contained in Chapter 4. |

The third building (Suilding No. 3) was ancther dommitory of 5 storles plus
batement with o potentiol shelter space in the basement quite different from
that in Building No. 1. This building was unoccupied during the summer,
and therefore, was wed for o variety of tests without interference of peopls,
axtraneous venttlation or artificial heat. Also, worm summer conditions |
redured the olr deruity differance of the stacks which resulted in o reduction
of alr circulotion. For these reciom, the tesults of experimeants in this
building were more dependable ond more meanirgful than thote gained from
Building No. 1. A complete description of Building No, 3 Is contained In

Chapter 5.

.

BASIC PROCEDURES

The problem was ensentiolly thot of moving @ mass of olr theough a spoce
without benefit of mechonicol equipment. The test spoces used in the pro=
ject, which hoppened 0 be oll below ground, were selacted by virtue of

«




their sheltering properties. Occupants in a space will generate heat ond

moisture, ond the heat can be utilized to provide the circulation to ven- A

tilate that space. It was, therefore, simply o mottes of. providing o path -

for air to Flow from the test space to the remaining volume of the building
ond to permit the heat, humidity and carbon dioxide to be dissipated. Air
from the larger volume could then recirculote ta the test space. This is
essentially a closed circuit, but it is rec::gnized that normal inﬂlh’cﬁ.m
into the building will occur. through the cracks in windows and doot
assemblies, and to o very minor degree, through the wall construction. The
quantity ond probably consequences of rodioactive particles entering these
cracxs through infiltration Is o subject that needs further study, Cracks
around pipes, ducts, pertition walls and extroneous vents within the test
spaces were sealed in order that more accurate resulls could be obtained

for stack effects under controlled conditions. .

The selected test spoces wera equipped ond instrumented to simulate
occupants, A criterion of ten squore feet per person wos generolly used so
that o test spoce of approximately 1000 square feet would occommodate 100

persons, Heat wat generated and dispersed within the room on this basls.
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CHAPTER 2

INSTRUMENTATION AND EQUIPMENT

ENERGY INPUT TO THE TEST SPACE

1. Sersible heat:

For sensible heat input, banks of 100 ond 200 wott fompe were used. These
provided heat ot the rate of 150 to 200 Biu's per pmon per hour as needed,
the amount being varied s the room conditions changed and ason .
individual would vary his het dissipation between latent and seruible.
Basis for this distribution Is available in on article by Achenbach, Phillips
and Dmpeou‘. with g summary glven in Toble 1 which follows.

Eoch bank of lamps (Figure. 2) had a potential output of 3000 Btu's per
hour. In order to avold high intenslfy point sources the lomps were shielded
with reflective oluminum covers ond the entire bank encloted within o pere
forated aluminum screen, The bonks were quite evenly distributed around
the test space to simulate the dispersion of occupants,

The power to operate the 120 \;olt single phase lomps wos metered. Alno,
all other electricol equipment which odded to the sensible heat load was
metered, '

1. Achenboch, P, R., Phillips, C. W., Orapeav, F. 4. J.:
ENVIRONMENTAL CHARACTERISTICS OF A SMALL UNDER-
GROUND FALLOUT SHELTER. ASHRAE Jourmal, Vol. 4, No. §,
pp 2128, Jan, 1942,
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Table 1

NORMAL HEAT DISSIPATION IN 8TU

PER PERSON PER HOUR

SHELTER TEMP,, SENSIBLE LATENT
DEGREES F HEAT HEAT

70 | 300 100
250 150
200 200
150 230
100 300

.

From ASHRAE JOURNAL Vol, 4, No. 1, Jon., 1962,

2.  lolent heah

Molsiure was added 1o the test spoce by evopotating water from borrels

ploced in the room, A 55 gullon borrel was filled with clty woter ond
placed on on elevated plotform mounted on o plotform scole. The water
waos weighed und then fed os required to humidifier borels, one of which

is ilkntroted (Figure 3). The woter level was held constont in those borvels

by Hoot-opercted feed woter volves. Immersion type resistonce hecters

«

were used to evoporate the water, Power 1o operate the heoters wos

e
MNP
.

. s e "~
A A |
!
-
LR A A

metered ond recorded.
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- | _ :
. E The weight of the 55 gallon water supply drum was recorded before and E:;‘:
, % * after the addition of water, By this means, it was possible to keep o N
- g record of the amount of water evaporated pes hour and the energy requirad -
\ ‘ to accomplish the evaporation. From the collected doto, it was then ‘ ! ‘
. passible to colculate the WEW of latent heat supplied to the test space. . . _,
: SR
" TEMPERATURE_ MEASUREMENT -
Alr temperctures were measured by means of copper=constonton thermocouples.
These were connected to a recording potentiometer (Figure 4) which mecsured :
;::'. and recorded the entering air, room air, and leaving clr temperatures every f:,;l;
‘ . hour. Surfoce temperatures for walls, ceiling ond floor were measured ond \
" recorded every hour by means of another potentiometer circuit.
& ‘ MUMIDITY MEASUREMENT | S
@ ~ 1. Automotic psychmht"s
M A spaciolly constructed automatic prychrometer (Figure 5) meatured ond re~ e
; corded on the air temperature potentiometer, the dry bulb oad wet bulb teme *-E
. perotures ot inlet and cutlet to the test spuce. These mecsurements were wode f ,:.'-‘,Is
i i once eoch hove. The relative humidity ond moisture goin fvv the room wece ! A
N then determined with the cid of o peychrometric chort. i _Pm:
% |
= 2. Hygo-hemopraph | R
. Hygro-thermonraphs (Figure 6) were ploced o the entrance ond exit of the ; ‘ .,,:
. test spoce in ocder to oblain o generol and continuous record of lﬁ inlet 1
f ond outlet air temperaiures and humidities. : \ 5
- K
9 :.‘,:
e
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¢ T




A A TS Py e e

e

EFFECTIVE TEMPERATURE

When temperature cAd humidity readings indicated steady-state intemal
conditions, it was considered that thermal equilibsium hod been established.
The upper effective temperature limit wes arbitrarily set of 85 F on the bosis
of existing data from controlled experiments (Refer to Reference 7 in the
bibliography). This permifted a variation of wet bulb and dry bulb conditions,
For example, if the dry bulb ;vere limited to 90 F, the wet bulb would be
limited to 82 F under o practically static oir movement of 20 feet per ;ninut'g
(Figure 7). The relative humidity ot this condition would be 80%.

WEATHER DATA

Weathor dato ovailoble from the University Weather Stotion, located withla
o mife from oll test buildings, includes the following:

0.  Ambiant Yemperature

b, Wind velocity

¢.  Wind direction

d.  Generol weather com?iﬂm. t.e., rcln, cloudy, etc,

e. Totol wolar radiction

t.  Precipitotion

9.  Relotive humidity
This doto wos oblained os needed for the vorious tests. An cHtempt was
mode to find some ¢or-relolion betwean cutside weather conditiors ond
chonges in internal conditions within the test spoces. I such o comvelation
doss axist, it is not apparent in the limited but voried tests conducted in

i0
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this -r;secrc-hﬁoi.ect. An explonation can be found, perhaps, in the fac‘O
that the time availoble did not permit ca extersive series of tests in ony one
building with changes of only one of the numerous voribles. A typical plot
of external-internal environmental conStions (Figure 8) shows o general

lack of correlation.

METHODS OF MEASURING AIR CHANGE RATES

t. . TRACER GAS DECAY METHOUS

General principles of tracer gos tedmi;gue:
The air change rate of an enclosure is Gefined as the ratio of the hourly rate’
at which air enters (or leaves) the enclosre to the volume of the enclosure.
Equipment which uses the tracer gas tecbnique wos employed in mony tests

on this project 1o determine the cir chamge rate,

The omount of decay in tracer gos concealration in the test space per unit
time is numerically equol to the omount of tracer gas leaving the spoce with
the outlet air in tho some unit time, Thia con be expressed by the formulas

“ViC = NVCH m

where V= Volume of the spoce, cubic feet

€ = Concentrotion of trocer gos of Hime ¢, ppm

N = Number of air chonges per houe

t = Time, houn

C= Coan=0, the solution of equation (1) ias

N = n [c,,/c]/: @
Equotion (2) stotes thot the number of aie chonges occurring during time ¢ is

equal to the notural logorithm of the rotio of the initial tracer g3 concen-
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; z fration to the concentration ot the end of the time inte_ml. The rote of \1
t | ventilation can then be calculated by multiplication of V, the volume of u_“:
- e the space, and N, the number of air chonges per hour. Typical decay
curves are illustrated (Figure 9). N | !
A -
I ' | The main function of any equipment used in.employing the tracer gos decay p- ]
method of determining air change-rate is to indicate the concentration of | '
the tracer gos in the test space os o function of time. There are mony
”, methods available for abtaining this result and several of the best methods :, .
were employed during the vorious tests in this project. in generol, the
¥ toxicity of the gases suggested for use in this -work con be ignored, except
| o . for the simple but important precaution of preventing any contact of Freon :
‘ 1 with hot plates, boilers and other high temperature surfoces.
B o o
X A. PORTABLE INFILTRATION METER N
E 1. General information: :*:
t The basic tracer gas equipment used for this project wes o Portable Infiltration .
E Meter on loan from the National Bureau of Standords where It was developed
E by Mr, Corl W. Coblentz, Mechonical Engineer. The Portable Infiltvation :«,
E Meter utilizes the change in themal conductivity of the mixture of air ond
E tracer gos os the method of meosuring tha chonge in trocer gas concentration.
. Helium serves ot o very sotsfoctory trocer gas since its thermal conductivity _i
l is six times that of oir, ond o smoll chonge of concentration of helium in olr
couses o readily detectobie change in thermal conductivity. "
|
19
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N 2.  Sersing devices: : - ' . é::::?::
? . . . 7 » - Y
A semsing device, shown with control cobinet (Figure 10), is a small olumi~ 3
. ruen cylinder with two 5/8 inch i.d. cavities symmetrically arranged. Care-
' fully motched thermistors of the bead type on a glass probe ore encloted in
: the cavities. One covity is hermetically secled while the other has 3/64 ; :};*“‘
- : * Inch holes ot the top and bottom of the cavity to permit naturel convection : .“ o
olr movement induced by the heated thermistor. A schematic cross section '.;'-" ,::
- C of such o senxing device is also shown (Figure 11). it
) :‘ by
N ' ]
N Because of the higher conductivity of helium, heat transfer by conduction 1_ o
.. . I greater in the covity which contains the helium air mixture. When the :::::f::
! ; sensing device is haated, the thermistor in the helium alr cavity will be L w
. P
N ’ slightly cooler than that in the sealed covity, Since smoll changes in tem= e
N b, ::.':‘.
. : perature produce a corslderable change in the thermistor resistoncs, o KR
s ‘ change of helium concentration con be determined by cbserving a difference Puiss
; b
‘ of the resistance of the two thermistons. By installing the two thermistors in
‘.. . ‘:,t‘:
> o Wheahtone Beldge clrcult, the unbolanced resistance con be wed a0 Sy
% mecsure of halium concentration. OADS
kX A
% 3. Meauring apparatues ~::‘]lf.
The control cobinet housing the bridge circuits ond control equipment for the ":'.:'.::'
sonsing devices (Figuee 10) operates on o 115 volt o~c power supply. A '_"W
schematic wiring diagrom of the opporatus, showing the power wwpply and
watering circuit ond one of the ten seruing device circuits b olio shown :;j:l:‘_
(Figwe 12). o
}': i -:f:::::
8 RN
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Two 15K ohm resistors form the fixed legs of the Wheotstone Bridge for each
sensing device. - Each bridge circui* is balanced with two 500 chm voriable

resistors connected in porotlel. One of them is connected in series withe

fixed 500 ohm resistor to provide a coarse and a fine adjustment over o wide
range. A filtered 105 volt dc supply for each seming device circuit is

obtained by uiing a voltoge stabilizer ond o full-wave selenium rectifier,

A comstant wattage network is required for supplying the thermiston, Line
voltage fluctuations ore reduced by meam of o voltage regulator tube
OA3-VR75. With o 1000 ohm varicble resistor and o switchboard bulh
12-48-0 operating as voltage dropping resistors, changes in the bridge

»

heoter current ore hald 10 o minimum,

A Leeds and Northrup golvonometer with o full scale deflection of 0.5 sicro~
omperes surrent serves o on indicator, Two sericsconnected-selector
pwitchas and the necessory thunt ond voltoge-dropping resiaton permit the
meosrement of the progressive unbolence of the Wheatstone Bridge circuit of

eoch seming device. This ako permity mecsurement of the duc culput woltage
of the ractifier, the hecting cumrent of each sersing device, ond it ollows
shuating of the indizolor when not in operotion,

4. Opetotiono! procedure:

for oir chonpe eb;e mecsurementi, the control cobinet is generolly ploced
outside the teit spoce while the tensing devices ore sounted of selected
locotions within the spoce. The heoting current of euch seruing devics is




/ IS
. g
] . T
odjusted and all components are allowed to warm up to o steady=-state con= N
" ! - : Oy
e o dition. The bridge circuit is then balonced by adjusting the balancing re- T =
- ;. R : _ sistors s that the indicator reods zero for each sensing device used in the test. . -‘.":-
e ; _ Helium in the amount of 0.6 percent of the total volume of the test spoce is S
_ = introduced into the space and thoroughly mixed with the air by meons of - 4 7 . '*
. { desk type fans. The progressive unbalance of the Wheatstone Bridge circuit - N
. '.:": of each sensing device is then plotted on the semi-logarithmic paper ond the ' o
DIt e ;i ¢ air change rate calculated by the use of equation (2). B : : i
- !
\; 5.  Advantages of the Portcble In% Itration Meters L
. N : d - T
- ‘ a.  Ready availability of equipment and gus to the ressorchers c
. ; ' on this project. - S
% b. Relative convenience for use in an occupied building wir . “:‘.'.;;
- ' ! out causing discomfort or even awareness to the occuponts. N
. " v
¢, Relatively easy to operate. _ -
Disadvantages of the Portable Infiltration Meters ;',::";
a.  Non-recording, therefore requires manual manipulation.

b.  Requires a minimum of 30 minutes to observe decay of one i

charge of helium ofter it has been introduced into the test I
space o
c.  Becomes inoperative at high humidities. e

» -
d.  Unsuitoble for air change rotes higher than 3 chonges per N
’W. ' g :::
26 o~
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’ i - e. Onlye limi.fgd number of checks can be mede of the air . “\
P chenge rote d.uring n. giver; test périod because of the :":'::'
: necessity of allowing the test space air to hecome com~ B
pletely ﬁ:ee of helium content between fests.
f.  Each sersing device detects o decay rate' only in the —
: immedicte vicinity of the sensing device, making it Lh :
"~ difficult to oscertoin average oir chﬁnge rate for o lorge E
. ‘ ond/or irregulor test space, - | | w«-
N ks
- 6.  Application of tracer gos decay methods to lorge and/or irregular spacess ~
. When a test space Is long and large with a single inlet and outlet, cir moves \
. prine
” through the spoce in an imegular pattern. There is o mixing of ale by eddy **-—
, . currents superimposed on the flow toward the outlet, Therefore, sensing devices
: indicating trocer gas concentration placed o diff;mm locations in tha test
,: . spoce will indicote substontially different alr change rotes. Suppose the tracer :‘:
‘. gos Initially is uniformly mixed with the oir in the test space ond then alr fs \
‘ permitted to flow through the space, Sensing devices near the inlet will in- i '
“ dicate o much higher air chonge rate initially than will semsing devices near .. |
. the outlet, This is due to clecn air entering the test spoce and quickly mixing .
:‘Q: with the trocer-gos~laden air neor the Tnlet thus cousing o ropid decreose in the .
;::' tracer gos content of this air at the same time, Neor the outlet, oll olr reache "
k- ‘ ing the sersing device will initiolly contain the some concentration of tracer "-*
. gas os originally supplied to the tast spoce. Also, any sensing devices locoted
- between the inlet and vutlet will indicate air change rates that ore betwesn ‘ ‘
- 2 i
.. .
. o
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éhese exiremes. Thus, for large test spaces ond fairly large air chonge rates, S E‘
: . NN
extreme difficulty is encountered in judging which sensing device is indi- . :‘“‘“
c&ing the most nearly comect decoy rate, and also what spoce this decay -. .
' -rote has surveyed. In Building No. 3 where the test space comsisted of a |
large orec ot one end and a nasrow corridor ot the ather, an attempt was ' ;.:-*
made fo minimize such problems in employment of this method by plocing ‘ ; '
the sensing devices in the lorge area near the -ouflef -ond initially supplying :
only the gir in this crea with the tracer gos. ' However, regardiess of the ’Mﬂ
size and configuration of the test space, the tracer gos decay method becoa\u ‘L.e
unrelioble when the oir change rate exceeds 3 changes per hour. This limit ;
was exc.eeded in some tests, especiolly in Building No. 3, wherein other ;_‘-
methods have proved their value, . . L""
B. WESTINGHOUSE ELECTRONEGATIVE GAS DETECTOR ) .
V. Generol Information: %zm
This instrument also employs tracer gos decay ﬁfinclptes ond therefore possesses Mﬁ
odvantages and disadvantages associated with this technique. The instrument ‘ ‘
is a portable leak detector developed by Westinghouse Reseorch Loborotories *
for meosuring small or trace quantities of electronegative gases, such as oo
wiphur hexafluoride, SFy. Although the instrument wes developed to leok=
test enclosures for SF . -filled distribution opparatus, it is semitive to momy »
other gases and vopors, including common tefrigerants and orgonic solvents. v :;—»
This instrument pecmits the obiolute mecsurement of §F 4 in concentrotions a8 . ‘
smoll o3 1 port per million of SF4 in cir, ond con detect quontities os swall 8 :
¢
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one tenth part per million of SFy in air. Since the principle of operation
depends on fundamental properties of the gases, its calibraﬁoﬁ ond sensi-

tivity ore stoble characteristics. Special techniques can ba used to extend.

the range for SF4 down to 0.1 ppm mecsurement and 0.02 ppm detection.

. This instrument recovers rapidly from excessive concentrations of the detected

gos.

The Westinghouse Elec?mnegaﬁve Gos Detector may be u;ed to find leals of
SF‘ or of other electronegative gase: by the seur;:h method, t-o measure the |
total leak rate of a device with the aid of an external enclosure, or to
measure trace or substantial quantities of the gas in a given test space. As
used to detect SF ot the instrument operates on a principle which makes use
of the difference in mobility of SFy ond.Oz lons, ond ;:»f the large electron
aMachment coefficient of SFy compared to Oy, to distinguish between SFg
ond oxygen in the test space air. Alr from the test space is drawn In through
the sensing device by a pump, passed through o dust fiiter and a humidistat,
ond possed on to the head, where an electrical signal is developed of which
the o-c component has a phaie dependant on the concentration of SF4 in the
test space oir, The a=¢ signol is amplified, rectified in o phase-tensitive

detector and the resulting d=c output indicated by o meter calibrated in ppm

SFy in ofr. In addition to the indicator reading, o flashing light in the
sensing device ond o pulsed oudio tone help to monitor the meatured con=

centiotion. The repetition rate of the light and tone pulses Is proportional

o the indicator deflection, \%0:78&9 from one pulse per second ot left scale to

2
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reverse, off-scale indication. These audio and visual monitors pemm

leak searching without cordinual reference to t.w. indicator. .. S .

’ ' The relative detectability of various refrigerants, as compared to SF & [ :‘:t:

shown-in Table 2. In opplications where it is possible to use a non-electro- '. o -

4 e .

negative gas such as N2 for the background gas instead of air, increcses in i

sensitivity as high os 1000-fold moy be achieved.
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RELATIVE DETECTABILITY OF VARIOUS REFRIGERANTS
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Refrigerant 13 (CCLFy) . - 700
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Refrigerant 22 (CH CLF,) ‘ 70
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Refrigeront 116 (CF3CF3) ‘ ' 1,000
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. | 2, .Oéeu;utionol procedure: :
The Westinghouse Electronegative Gcs Defectot is placed in the test séocc
and turned an. A switcble range is selected from those possible which are
2, 5, 10, 20, 50, and 100. Eaoch number indicates the number of parts per
million of sulphur hexafluoride (5F¢) that the Instrument will detect; Be-
couse SF 4 was unavailable ot tb_e time of testing, Freon 12 was used . The
scale number, therefore, had to be multiplied by 30. Thus, in using the

20 scale, 6000 parts per million of Freon 12 was introduced into the test spoce.

The instrument hos an cutamatic zeroing mechanism and will zero itself be=
fore tracer gas is added to the test space. The tracer is then added ond the

concentrotion can be read directly on the indicator,

The initial chorge of gas, Freon or SFg, which is added to the test space alr

will settle, since the gas is very heavy, unless the gas is thoroughly mixed
with the air in the test space. This is done by using several desk type fare
for homogenizing the air throughout the test spoce. This should be done very

corefully,

Since the instrument is selfozeroing, it i necessary to have a supply of
tracar=free oir ot test spoce temperatuwe avoalloble ot ofl Hmes during the
test, so thot a continuous zero con be maintained, and the possibility of

drilt of the instrument eliminoted,
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C.. MINE SAFETY APPLIANCES ANALYZER

The use of curbbn_glioxide'os o tracer gos with an MSA Lira Infra-Red

Anulyz'er has been considered. The instrument appeors to be M— :
sensitive. Howevar, the background concentration of CQZ is o varidble,
and @ second instrument would be required to monifor the background con=
centration ot the some time that cbservations were being mode in the test

space.

D. GE TYPE H-1 LEAK DETECTOR

M has been used in other experiments as o tracer while uing o GE.
Type H-l Leok Detector to sense the presence of the Freon. Several pro-
blems exist. The instrument is not supplied with o concentration calibration,
presumably because the instrument is not stoble in this respect, 1t is quite
sensitive, but the life of the sensing device is rather short whn‘ contiruous’
duty is considered. Intermittent duty of several hours on ond several hours
off is recommended by the monufacturer. This irstrument s not nommally
equipped with o recorder, although this should not be o major problem if

the calibrotion could be stebilized,

Table 3 containg pertinent summary dato for comporison of various acer
gos detectors.
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2. ALTERNATE TRACER GAS TECHNIQUES

The "decay™ method for determining air chonge rates uses a slug of tracer gas

to build up an initial concentration which con be manitored periodically os it
decays under the action of air flow. The monitoring must be done monually
ond the observations plotted to obtain an average value of the air change

rate during the period of observation.

Alterncte methods ot; use could reduce the work involved.and possibly yisld
o continuous record of air chonge rates. One method would be to add the
tracer gas at o fixed rate and continuously record the concentration within
the test space. Under this method the concentrotion of the gos would rise
on;i foll under the influence of the air flow and alr infiltration. With limit
controls to avold excessiva concentrations this method should work :‘gﬂsfuc-

torily. One of its disadvantoges Is the use of excessive quantities of tracer

o
Phats
1% e

908,

i

The high concentrations and excessive use of tracer ccs con be avoided by
controlling the rate ot which the tracer gm‘h added to the test space to main=
toin o cordtant minimum concentration. The rate ot which the oo is added Is
then o continuous measure of the oir chonge rate. The odvanteges to this
approoch ore that o minimum concentration and o minimum quontity of tracer
9os is used, ond the record of olr change rate i virtually continuous. This
equipment has not been assemblod and its octuol performonce mmatng to be
demonatroted.




The most promising combination appears to be the Westinghouse Electronega-

tive Gas Detector with either Freon or sulphur l\exéﬂuo_vide as the tracer gas.

3. WATER VAPOR METHOD

The water vapor method is essentially the application of the: low of conser=
vation of mass to the test space. The mass to be comsidered is the water thot
is added to the test space os vapor in the simulaﬁonAof latent heat addition.

A statement of this law is:

Water in Incoming Air Water Added as Lotent

(t5/hour) Heat in Space (tb/hour)

Water in Leaving Alr Water Migrating
(ib/howr) into Surfaces {Ib/hour)

If the surfoces of the space ore conditioned prior to testing by mecms of o

suitable coating, migration into the surfaces will be mall and can be ne-

glected in the anolysis.

The rosult of the analysis gives the following equation for calculating oir

change rate:

N =WV &)}
(aH) V

N Alt change rate (olr chonges per bow), .
Rate of water oddition to spoce (povils per-howr)

Averape specific volume of diy test spoce ofe
(cubic fee? per pound of dry oir).

. C * - - » . - . - - - L3 - e
AN o R AT ACARAT T N ot . . . -
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V = Volume (c;ubic feet per air change).

A H= Change in water content of air entering end leaviﬁg the space
(pounds of water vapor per pound of dry air).
Ps}chromeh'ic readings ore to;ken of inlet and outlet oir. A Psychromettic
Chart is used to determine the change in absolute humidity or woter content
of the air as it passes through the test space. The average specific volume |
of the air is also determined from the chart. Knowing the rate of water addi
tion ond the volume of the space, E;;uotion (3) s ug.cd to detemmine air change

rate.

SAMPLE CALCULATION:

Inlet Conditions . ' \ Outlet Conditions

o = 77.@ * = &7.“
wb = 65.0F w =77.%
H = 0.0105 ib/tb H = 0.01825 /D

AH= 0,00825 - 0.0105 = 0.00725 ib of water vapor per t. of dey alr
V' = 14,0 cubic feet per pound of dry alr
W = 9.0 ib. of woter odded per hove

= §,000 cubic feet per alr change

o O 57 e chonges er bnr
0.0025)6000) 17 oiF chonoes per

The rate of ventilotion con then be colculated by muitiplication of V, the
" volume of the space, ond N, the number of cir changes per hour.

3
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4. DIRECT VELOCITY MEASUREMENTS (ANEMOMETER) |

The use of a hot wire anemometer for measuring air velocity ot the inlef

» mdwﬂe?dﬂnh#mmalwmedaombdﬁ&mdc

- W

change rate.

- The anemometer con be used to troverse the inlet and outlet opening and

from the average velocities air change rates con be ccmw!ea- However,
there are several disadvantages to be found in its e, These ore as follows:
0. The anemometer is seldom accurate over the ronge of ve‘ocmu
likely o ba found in this type of study. ‘
b.  Any cross flow ot the inlet and outlet will not be datected.
~ Flow must be unidirectional ucross both openings.
¢.  The results will depand largely on the obl‘my of tha research
personnel in estimating the most occurate average for oir
velocme_s through the tnlet ond cutlet.

All four methods of measuring ol chonge rotes which hove just been discusied
were utilized in this research project. Metering for the Trstrumentation ond
equipment was genarally locoted on o matter control panel boord. Front and
rear views of the control ponel boord ore Ilustrated (Figures 13 ond 14).
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CHAPTRR 2

TEST BUILDING NO. 1

DESCRIPTION OF BUILDING AND TEST SPACE o

for the first series of tesfs, an 8 story concrete and mésonry dormitory
{Figure 15) ws selected bacause the building h-od natural “stacks® which
would best utilize the voriation of air density as the driving force for aie
movement. The oir could rise through one stair tower, cross through the

building neor to top, move down the ather stair tower, and return to the

test spoce. Metol windows fit well and permitted an average amount of

infiltration for this class of construction. A basement spuce,. containing
open wood racks (Figure 16) for trunk sfora§e was selected for the test:
space. The approximate dimensions of this space are 58 x 17 feet with
o ceiling height of 10 feet, The area is approximately 1000 square foet
and the volume 'very close to 10,000 cubic feet. The totol volume of
the dormitory is 520,000 cubic feet,

The basement area (Figure 17) is completely below grade, The ground
floor contoins lcbby, lounge ond office. space. Upper floors contaln
typical dormitory rooms (Figure 18) along the outside with o corridor
sunning along both sides of an interior service core. The bul ldtpg wos
continually occupied and, therefore, oll mechanical ventilation systers

remained in opetation,
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In the test space the wood racks are built up to the ten foot h‘ig!'rc.cmng a ] ‘
: throughout. The empty racks were reloccted to moke quce f§r fho best _ . :"'"
. equipment. Temporary pastitions were cnmtmdgdudm(ﬁiwc ). o= RN :“':
let ond outlet doors (Figures 19 and 20) had 1 x 2 inch mesh screen over them, .
praviding open areas of 15.2 and 14,5 sq. ft. resgectively,. in‘cludlnc the -»—
periphery door grocks. Fire doors provided entry into the stalr towers, For P
the initial tests, all do_oﬁ eicept the ones giving entry to the stalr towers at ‘~
the bottom and ot the topvwcre cnlosed. Fire doors at those locations were ‘“ :
. opened os needed for the test being conducted. Locations of insmmunh.ond '°
equipment are shown on o plan of the test space (Figure 21). Londltudlml ‘
. ond transverse sections show relative location of test space within the bulld=
ing (Figures 22 and 23). Doors lobeled C, D, E and F (Figure 17) were B :.l
closed 50 that a minimum of unmeasured circulating air was drawn from the . .
elavotor shaft and tunnel.
i
‘ This building hos mony mechanical ventiloting devices which influsnce the ’M
effoctive olr roservoir, These include toilet exhoust systems, loundry delers,
ond unit ventilators at each floor level, The pumping oction of the elevaton "‘f:
» '_t, g olso offects oir circulation. Since the building wes continuously occupled, "
. . i it was not possible to close down any of the mechonicol systems, At first
:E-‘j: ' ? glonce, the presence of tha oparating mechanicol system might appecr to .
T ’ _ aullify the test results. However, it is eatirely conceivable that in a recl . -g ;
’: ! emergency electtic power could be availoble, and equipment which depends .
’; on thot power could continue to operate. Therefore, this set of circumstonces
- s :,' must certoinly be considered oy one passible situation, ..
B o | @ 5
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GENERAL PROCEDWRE

. The tests conducted in this building served three purposes: ‘ﬁ:!t,-fby pro~
- vided data for the modification and improvement of fest procedwes endh. - ‘ L
equipment; sacond, they uncovered problems in testing that could be ex- ._ ‘
pected in oll the following buildings; and third, they gove o “feel® for | Bl

the problem to be studied.

Most of the time spent in this occupied domitér; building was wed to o ‘ o
modify or carract the test equipment ot test procedures. This involved the | B Lv
calibration of the power meters, repair of the recording potentiometers ond ]
perfection of o humidity input measurement system. All systems were per-
forming properly ct the same time during only o few days of this entire test

pﬂdo . e

The obstacles encountered in testing in ony large building are greatly ' O

o multiplied when the building must function in o normal manner. Some of
S these obutacles were: (1) the windows were opened of random throughout o
o ] the building, (2) the mechanicol ventilation system ron contiwty. ond
i (3) tha elevaton ond doors were used of fraquent Intervals. Therefore, it '
;. - ':- was decided that oll future test work, Insofor o3 pousible, would be con= e
O : | ducted in bulldings that were unoccupled during the periods of obuervution. _ O

, '.é 1 . ) The third ond perhape the most important purpose of this first series of tests o)
9 & : was to cbloin o “feel® for the prablem. At first, the lotent haot of the
simuloted occuponts was supplied in only o token amount end the olr chonge .::_
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bosement to penthouse in order to portray the most essential items .

TYMCAL DORMITORY FLOOR PLAN = BUILDING NO, 1

Scale: 1/16" » ' =

NOTE: Location of cutting plone A-A veries between points 1 ord 2 from
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‘ mfein the space wos measured with the Portable Infiltration Meter using ' — :::;:i

helium as the tracer gos. The instrument worked well with low air flows -

ond low humidities, provided the temperatures in the test space did mob .

fluctuate. However, upon introduction of higher humidities, the opero~

fion of the Portoble Infiltration Meter become unselichle ' : 3.‘:;'.-~

o . ’ _ ~ S
E‘ Four tests were conducted in this building. During the first three tests, L
B guards were emgloyed to keep the students from using the ground floor ¢ j"'"."_'.“
. ! i

exits from the stoir towers. This helped to stobilize conditions in the !
-'j:;f test space more rapidly. The first three test situations were conducted

" 4 : with low huaidity input, ‘ 5 :::::
. L

o - TEST RESULTS ' ‘ .
When oir flows or is infiltrated into o test spoce ot o steady rata, the x'::'

tracer gos concentration dazrecies clong o lopasithmic curve as indicated :' '.
by Eavotion (2). When plotted on -emi-logorithmic paper, the decoy curve -
must be o atroight line. When the ojr Flows thwough the tpace ta o prtitive ‘
direction, sensing devices stationed ot different locotiom in the test space ' ,

indicate dilferent sir chonge vates.

Neor the inlet (F: e 21) o higher ol chonge rote wos indicated thon aear ) :~~.::-

:t: 3 the outlet. Since the alr moving thvough the space cerries sume hetivm with :‘-:Tt“:
E | it, decoy would not be o3 vapid neor the outlet, Decoy curves Aond 8 M Lt

‘ L)

) (Figure 9) were cbtoined during o typical test. Cutve A s the plo? of air R At
change rote cbloined from o sersing device near the inlet while curve B is f:::_::

ﬂ 5‘ L]
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that from o sensing device neor the outlet. The indicated différence 'n air
djqrge mﬁ is ¢oused by the movement of helium-laden air from the inlet
10 the outlet, ﬂnwwéofdmmmeouﬂdbefmw&r.
The opplication of Equation (2) results in on air chonga“mfe ne& the in-
let greater thon thot near the outlet. At all times during tho simulated
occuparcy of the test space, the direction of air movement was from northe
east to southwest, or from G 1o B (Figure 21) a3 onticipated on the basls of
relative location of test spoce and stoir towers, and exposure of the southe

weit stalr tower to solor rodiotion.

Teat .'l (Figure 24) required that tha sicir tower doors on the 7th or tap
occupled floor of the building ond the inlet and cutle? doos of the base=

weod test spoce be open. All ather doors in the basement ware to ba closed
but ot sealed, The olr change rate developed wos batween 3 and 5 ol
chunges per houe with the spoce temperature stobifized of B2 §. Occuponcy
ws simulated on the busis of 10 1. ft, of Hooe areo per person,  These con~
ditlom oppecr to provide good thelier otcupancy, but it should be remenbiecad
thot the mechonicol ventilotion system was functioning of oll Himes. Alo,
tresh air wos odmitted Awough doors uted by students enturing ond lecving

the building ond theough open windows in doiiton, rooms,
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BUILDING ‘NO. 1
TEST NO. 1

" 4/5/62 (0000) - 4/6/62 (1400) '

100 OCCUPANTS - 10 SQ. FT./PERSON

> wy X ve * ww

| sunpeex |
ot

—

T
-
|
l
|

mmunuuum III T

outlet (14.5sq. ft.)
beemd

OUTSIDE CONDITIONS

air temperature
relative humidity
wind

comments

DRY BULB TEMPERATURE

ave. inlet {(entire door)
ave. outlet (entire door)
ave. room (5'ht.)

WET SULB TEMPERATURE
(bosed on full moisture load)

3' hi, ave. inlet
ove. outlet

5' ht, ave. inlet
ove, outlet

N ilwlis fo oo N oo fo

s A\

-t

L

inlet (35 2q. ft )

EFFECTIVE TEMPERATURE
(based on full moisture load)

ave. outlet (3' ht.)
ave, outlet {5'ht.)

RATE OF AR FLOW

hellum method
cfm/peron
air chonges/houe

COMMENTS

Approx. 2 1b/hr nolsture input
{token lood),
Humidity input mecsurement
inoccurate.

« Wet bulb ond effective temperatures
too inaccwrate to record.
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‘ Test £2 (Figure 25) was run with the test sp;:ce.-inlet and outlet open but all
' . doors oSove bas;:menf level closed. However, occupants of the building
. continued to use the upper floor doors in their aormal activities. The only
incoming air fo the fest space was supplied by leakage through the cracks -
around the sﬁir tower doors. As might be expected, the air change rate
‘ dropped to between 3 ond 4 change,s per hour wiﬂ) on average temperature
in the test space of 83 F, |
Test #3 (Figure 26) was used to determine the influence of tunnel and other
extraneous infiltration, since there were underground tuaneis ~onnecting
the buildings of the dormitory group. All doors above basement level were .
3 5 closed s was the northeast stalr tower door c? basemgn! level. Another
- . \j‘ door in the basement connecting the tunnel with o tronk room adjacent to
:"" i . the test space, Door F (Figure 17), hod a bottom louvered panel. This door
wos closed but the two louvers, gross 13 x 17 inches each, remoined open ot
. " ? oll times.. The ol change rote under this condition dropped 1o between 2
) 1 ond 3 aiv changes per howr.
' .‘-‘ﬁ; j . Test #4 (Figure 27) wos conducted to determine if o horizontal circulotion
g | ‘ i loop could be set up in the basement while the mechanical ventilation
“ ) ¥ contlnued to operate in the basement and white oir flowed through the
4 ' tunnel. The horizontol circulation loop “on best be described with e~
; ; ) ference to the bosement plan (Figwe 17). Alr flow occured on a countes
2 u : clockwise manner from the test space through doors 8, €, D, F ond bock
h _ ‘ to the test spoce thvough inlet door G. Access 10 stait towen of batement
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level wos closed off and cll other doors in the basement were closed except

those four which were necessary to form the circulotion loop. A rate of

approximately 3 air changes per haur was obtuine&. it was possible, how-

ever, that mast of the indicated change wos caused by recirculation of
test space air with ‘only o small percentage of fresh-infiltration air included.

Further tests are needed to clorify this situation.

For this test a realistic ratio of latent to sensible heat was supplied to the

test spoce. This wos 'he only test to date in which that ratio was held closely,
and with due regard to an actual situation. Previous tests used only token
moisture loods to-prevent damage to the building on upper floors. Under this
condition of high humidity, the air change rate could not be determined with
the Portoble Infiltration Meter. Therefore, air change rate wos approximated
by wsing the known omount of evaporated woter and the increase of humidity

in the test spoce.

A summary of the pertinent data collected during the tests in Building No. 1
is prosented in Toble 4. The various alr flow clrcuit configurations ore also
presented (Figure 28). The problems encountered in attempting to establisch

equilibrivm theough controlling the movements of the building occuponts

were coraideroble. Therefore, it was decided to move next into a building

. where conditions could be controlled with relative ease.
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BUILDING NO. }
TEST NO. 2
4/6/62 (1400) - 4/6/62 (2300)

100 OCCUPANTS - 10 SQ.

FT./PERSON

OUTSIDE CONDITIONS

alr temperoture
celative humidity

wind SSW 2-4 mph
comments saln

DRY BULD TEMPERATURE

ave. inlet {entire door) 76 .0F
ave. outlet (entire door) 82.0F
ave. room (5' ht.) 83.0F

WET BULS TEMPERATLRE
{based on full molsture load)

: . 3' e, ove. Inlet .
ave , outlet __'—_.:
5' . ave. inlet .

ave, ovtlet .
-t

EFFECTIVE TEMPERATURE
(bosed on full moisture tood)

ave, outlet (3'ht,) _._
ove. outlet (5' ht.) .

RATE OF AR FLOW

hellum method
clem/person 608
air chonges/hour 405

COMMENTS

Approx. 2 lb/he moisture input
(token load)
Humidity input mecsuremant
insceurate, :
o Wet bulb and effective tempetotures
100 inaccurote to record.
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BUILDING NO. 1" -
CTEST NO. 3 it
4/9/62 "(0800) - 4/9/62 (2000)

100 OCCUPANTS - 10 SQ. FT./PERSON

————— SW

NE

SUN DECK

outlet (14.53q. fr.)

_OUTSIDE CONDITIONS

alr temperature
relative humidity
wind

comments

DRY BULB TEMPERATURE

ove. inlet (entire door)
ave, outlet (entire door)
ave. toom (5'ht.)

WET BULB TEMPERATURE
(based on full moisture Lood)

3’ ht, ove. inlet
ave. outlet

5' ht. ove. inlet
ove. outlet’

H 1 | [
s l—*@b

inlet (15.25q. ft.)

EFFECTIVE TEMPERATURE
{based on full moisture load)

ove. outlet (3'R.) _._
ave. outlet (5'ht.) i

RATE OF AR FLOW

helium method
cfm/person Jwnd
oir changes/hour 212.5

COMMENTS

Approx. 2 1b/h molsture Input
(token tood)
Humidity input meoturement
inaccurate,

e Wet bulb ond effective temperatures
too inaccwcte to record.
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: BUILDING NO. -t .
o 4 ) - . -
] TEST NO. 4
¥ )
. 5/4/62. (0900) - 5/6/62 {0800)
i ‘
, : ) 100 OCCUPANTS - 105Q. T, /PERSON
& j
R B T
g : 8
g v
. ]:
1
-l H i fwiz::fE“ L
SO i S T N s 5>
- outlet (14.513q. fr.)s inlet (15.24. B,
o q : _J ( . i)
-~
. OUTSIDE CONDITIONS EFFECTIVE TEMPERATURE
. . (esed on full molsture load)

= aole temperoture 55 - Q2F

D relative humidity 13- &M © ove. outler {3' ht.) 80.0F
' wind W B-15 nph ‘

& comments clear, sunny

DRY BULB TEMPERATURE BATE OF AR FLOW
ove. inlet (entire door) 70.0F woter vopor method

" ave. outlet (entire dooe) B4 OF cim/peron 4.0135.5
- ove. oom (5'h.) . BI.OF olr chonger/hour 25135

"WET 8ULS TEMPERATURE COMMENTS
4 {based on full awisture lood) .
X High moisture nput,

3' e, ove, inlet SF No mathod used to determine lresh
SF

aie infilirated to clrculating olr,

62
ave, outle? 7.5

.o’

FAar i v - ~mer * e . - .
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3 TEST NO. 1 - =
L] - Stair tower doors open on eighth story. -
& - Other doors ond elevators in frequent we.
o [ Windows open of random. ) oo
A C Mechanicol ventilotion system operoting. * s
X L Vol. ratio ~ test space to circulotion spoce = 0.15, .
- - tnlet opening 15.23q. 1. . R
& ~L Ty C .
5 AT IR Outlet opening 14.5sq. ft. . co
5 outlet = inlet ' P
; |
- - -5 Y INE =t . b
R TEST NO. 2 : v
8 Doors and elevotors in frequent use. ]
" Windows open af rondom. .
ol Mechanical ventilation system operoting. b
] W Vol. rotio = test space to circulation spece = 0,20, :
] — Inlet opening 15.23q. .
. i Outlet opening 14.5sq. . n
v TEST NO. 3 - !
: & INE stair tower door closed ot basement level. . e
Doors ond elevators in frequent we. Do
| Nt Windows opan ot random. s
R » Mechanical ventilotion system operoting. Lo
[ & Vol. ratio — test space to circulotion space = 0,25, N
- Inlet opening 15.21q. ft. o
X - Outlet opaning 14.53q. 1.
. K
- 2
& W NE -
: "»r TEST NO, 4 : .
8 R Accets to stalr towers ot bosement level closed, 3
K 5 © Horlzontol circulotion loop formed by opening K
of uther basemeat doos. {doors C, O, €, and F ;
B j in Figuve 17) :
- L Mechanical ventilotion system operating. . R
. 3 Vol. ratio = test spoce to circulotion space « 0.30, o
" el e . = inlet opening 15.23q. fr. . L
.-Q - s . N \ R
ﬁ N outlet infet _ Outlet opening 14.5sq. Bt NY
i X | |
} i i ' _  COMPARISON OF AIR FLOW CRCUIT CONFIGURATIONS — BUILDING NO, | -
- e : o ' PErEEA e SRS bt e S S |
- ' K :  Figwe 28 -
L i:: ‘ : : L B .. RIS
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L _{ - Table 4 '
. TEST_SUMMARY BUILDING NO. 1 N
l .
- TEST NO. 1 2 3 4
Duration of fest 38 fws. 9 bes. 12 hrs, 47 hes,
: Simuloted oecupancy 100 - 100 100 100
:, Floor arec per persors 10 sq. f. 10sq. f. 10sq. f1. 10sq. ft. .
‘ Outside conditions : N
oir temperature 48-56F 49-5% 45-50F 55-8%F B
relative humidity 48-96% 90-76% 49-96% 13-40% -
wind direction w Ssw SSW w e
wind speed 7 mph 2-4 mgh 2-5 mph 8~15 mph -
comments . cloudy tain _eloudy to clear, :
rain sunny =
Dry bulb temperatwre
ove. inlet 71.0F 76.0F 73.0F 70,0F .
ﬂve. W'e' 83’@ 82-“ 830“ 84.“ e
ave. room 62.0¢ 83.0F 82.0F . 83.0F -
. L
Wet bulb temperatre :
ove. inlet {3 . . . 62.5¢ ]
' ave. outlet (39 . _* . 77.5¢
ave. inlet (5') ___:_ - . -
ave. outlet (5') . _. . .
X ‘Effective temperature
& " ove, lalet {3') . . . 80.0F X
N o ave, outlet {5') _. . . + 5
3 v ‘ :? .
K > Alr flow &
« ] cfm/penon St08 18 304 4.0t05.5
E =
. ol chonge/hour 3105 418 210 2.5 2,5103.5 .
t‘,i-.?1 N
Commants Token molse | Tokenmols~ | Token mols= | High molsture ~
3 ture lood, ture lood., ture load, lood. N
. *Mecsurement | *Meosurement | *Meotutement | #Not recorded i
g R . vweliable. unrelioble. vrvelichble. o
N N -
' N2 ) Portable Infiltration Moter uied for detemmining oir chonge rates with helium trocer N
. oy 003 except in Test $4 whore the water vogor method was cpplied. J
B ] ) |
al
.“
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CHAPTER 4
TEST BUILDING NO, 2

DESCRIPTION OF BUILDING AND TEST SPACE

This is essentially a three story classsoom~loboratary~shop building with
full bosement and partiol sub-bosement. Construction is concrete frome
ond floor slabs with metal curtain wall exterior. The metal panels fit
tightly so that leakage is o minimum, The ends of the building and the

front woll of the basement level are faced with local stone. Metal

K ‘ ‘ windows fit tightly ond permit less than average infiltration. A photo=
A . groph of the rear of the building Is shown (Figure 29). |
] _ - __ ’ ’ The test space, located in the sub=bosement in the general position of the
- : concrete ramp (Figure 29) has o net floor area of approximately 1,600
| ’ ; square feet and o volume cf approximately 16,000 cubic fest. The ratlo
. fg_ ; of test space volume to totol circulation space volume is approximately
- 1 ‘ 110 5. A lorge plywood wrfaced wind tunnel, accounting for on odditional
) 4,350 cubic feat was completely sealed off from the test spoce.
4 The test spoce Thelf wos sealed off by taping, except for doors where air
:'. : wos expected to enter and exit the ypoce. Air entered through o door
¥ | , opening of 20.4 3q. fr. ond exited either through o screened door providing
.' 14.5 3q. ft. of opening, or through o lang horizontal slit in the upper po;-
‘: ] * tion of o partition woll with an opening oreo of 68.8 1q. ft. maximum, de=- ‘
: perding cn the porticulor test involved,
(N
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EXTERICR VIEW — BUILDING NO. 2
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The space adjacent to the test space also had sealing tape applied to door
cracks and to cracks oround pipes so thot cutside air would not affect the

air flow circuit. A floor plan of the test space (Figure 30) shows location

- of instruments and equipment, and the closed off wind tunnel.

The bosement cbove the wam test space (Figure 31) served s a cir= -
culation space and was completely seoled off from external disturbances ex
cept for one door and grille in the floor. All pipe entrance cracks were
secled with tape. The only passible disturbance of ony mognlm'de from out=
side the air flow circuit would have come from o row of seventeen hopper=
type windows, each about 3 feet by 4 feet, located about eight feet cbove
floor level, Those windows were always closed but were not seoled with tape,

Two Intericr walls in the circulation spoce are concrete block ;mh occupled
rooms odjoining. One exterior woll Is solid concrete with o roofed spoce on
the outer side protected from the weother but not heated, The other exterior
wall contoining the high windows is concrete block with stons focing.

Sectiom theough the test space ond circulotion spoce are shown (Figures 32
ond 33), Stolrwoy A connects basement circulation spoce ond swbrbasement
test spoce only, but stoirway 8 ond the elevator sholt extend from the sub~
basement tevel to the top story of the building, Generol paths of cir flow
ore indicoled on these section drawings. An interior view of the test spoce

is olso shown (Figure 34).
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temposary partitions

tracer sensing device
cutomatic psychrometer

control papel stations
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SUB-SASEMENT PLAN SHOWING TEST SPACE - BUILDING NO, 2

Scole: 1/16% = 1' =(Q"
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SECTION B-8 - BUILDING NO. 2
Scole: 1/16% = 1'=0%
Figure 33
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GENERAL PROCEDURE

The principle ol;iective of the tests conducted in this building ws to study

the noture and magnitude of gravity cir flow in o low hnlding. For this.

reason, air flow paths were confined to the two stories conéisﬁng of bosement

and sub-basement. Air change rotes were determined by the water vapor

method, and with the Portable Infiltration Meter using helium os o tracer

gas. However, malfunctioning of equipment under continuaus use in high

temperature and humidity conditions sometimes preduced misleading data

on the Porteble Infiltration Meter indicator.

In general, the following procedure, proposed as o result of testing in

Building No. 1, was to be used in all succeeding tests in Building No. 2

ond Building No. 3:

1.

2.

The terminal eq;ilibri um air conditions are estimated. This estimate
does not have to be extremly accurate sir.ce adjustments can bé made
later if the estimation proves to be incorrect. With an estimated dry
bulb temperature and humidity the sensible heat load per occupant

is selected from Table 1. The occupancy is determined ot 1 person
per 10 square feet of floor area. With these two figures known,

the tofal sensible heat input can be computed.

Heat is supplied ot the computed rate plus sufficient heat to evaporate
S lbs, of woter par houi. This Is o token latent load to provide water

vapor balance, -

n

e e Ty e
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) 3. V The acfuru.l femperafur& ore cbserved and the oir chonge rate is ob= '-.:':.
tained by use of the Portuble Infiltration Meter utilizing o helium \
tracer, the water vapor balance, or eny other sitable method. :'-L:
N 4,  From the known inlet cir conditions and the sersible and latent heat - - - j:j_‘
loads of Table 1, the terminc! or outlet temperature and humidity con ,F :
be coleulated, \
\ 5.  The outlet effective temperature can be determined (Figure 7). rﬂ*
3% . L
1 6. If the outlet effective temperature exceeds 85 F, o value arrived ot ;:::
N | in previous studies dealing with tolerable shelter limits (Reference 7), '.::‘
;‘ the air change rate will be judged to be insufficient to support the f"'
N : number of occupants assumed in-Step 1" above. 'c'l'
o ¢ N
& e | | B
. ! i
N . Readings were made from the time heat and water vapor were introduced into ; e
! D
- ‘ the test space in order to approximate the actual conditions of sudden move= , T
: ; b
-] . ment of people into a shelter with normal air conditions. However, the N
. i
- ropid increase in dry bulb temperature in this situation indicated very quickly P
] the need to reduce the number of occupants simulated in this particulor test '
. space. This change in heat input was made a few hours prior to the first o
recorded series of tests, Co
: I
B The specific approach to the habitability of the test sp;:ce wos o3 follows: ! =1
) 1. Determine the usable floor area in the test space. ;
’_-‘j: 2. Use approximately 10 sq. ft. per person for occuponcy. "
i
: n :
S . e - b
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3. " Set sensible lood for the given initial temperature of the test spuco'l .
” according to normal heat dissipation level from.Table 1. . b
a 4, Use ; humidmfoﬁon rate of 5 1b. /hr. téfnl. ’
S.  Observe air temperature rise in test space and cut back the sensible _ "
load accordingly. . : o i IR i”‘:‘
6. [Ifthe ;olculoted effective temperature at the cutlet reached 85.F; |
the test spoce was to be reduced in “occupancy.” :Ef:
7.  With a greater sq. ft. area per person, teger;n s?éps 30 6. o %e
8. I the effective temperature is still too high increase the outlet area _ | t‘
by removing panels along the top of the partition wall, | \:
TEST RESULTS :
Yest 71 1n Building l;lo. 2 {Figure 35) was started ot 1500 pm on June 9, «.
1962 using 250 Btu/person per hour sensible head load and a token latent L
load of 5 Ibs. moisture per hour. Approximately 150 occupants were being k’*‘d
, ]
: simulated which allowed about 10 sq. ft. per person, The screened doar |
‘.:. 1 \ | provided a 14,5 3q. ft. outlet opening. The dry bulb temperature in the
2 test space was 75.6 F,
g T -
E At 10:00 om on Juﬁe 10, the sensible load was again reduced, this time -‘_:
, 1’ to 150 Btu/person per hour because the space temperature hod risen to ‘
i | _, : . ' 85.4F, A;Ithough equilibrium had not yet be_en estoblisﬁd, since the space ‘ .. r_
\:: , ; temperature was still rising at the rate of 0,07 degrees F /., space con=
.: ' ‘: : . ditions were then calculoted, Average room tempetéturc was obove average
‘\ ’ outlet temperature, indicating that there was “tropped” A‘f not mixing in .
g X |
o8 73
. )




~ the oir;t;om; lndicaffot% showed that, for 10 sq. ft. per person and the - o

outlet orea restricted fo one open door, test space conditions were inadequate

fo hold to anr effective temperature of 85 F. However, on cir change rate on . . ijﬁ-'
: the crder of 4.0 per hour was determined by the water vapor method. : j'.-j'-
& In Test 72 (Figure 36) the air flow circuit rem;ined unchonged. Occupancy L
wos reduced to approximately 100 peaple or 15 3q. ft. per person. Air tem= - . A ;:.’

peratures were shll rising at the time readings were taken, but at o slower , .

rate than in Test n,

Because the average space temperature was above the outlet temperature,

t
it wos concluded that there was a'significant amount of "trapped* alr not ':":
i mixing in the air strecm moving through the area. .Effective tehpemwu . . L
were lower and the oir flow per person Qos increased in thl; second test, o8 .
compared with the first, -
For the following reascns, Test #2 was terminated, and a third test wos 7
initioted: | \
1. Time for testing was shorts I;: :
2.  Effective temperature was still rising.

3,  Trapped alr in space showed improper air mixing.

74
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BUILDING NO. 2
TEST.NO. 1
6/9/62 (1300)'6/‘.1/62_ (1200)

150 QCCUPANTS - 10 SQ. FY. /PERSON

e SW NE ~—>
N -
o - 3 o
[- 4
~—1 3
g - -
1 =
X
S
- / o K B a -y
i J ‘
inlet (20.4 sq. ft.) outlet (14.5sq. ft.)
QUTSIDE CONDITIONS EFFECTIVE TEMPERATURE
(bosed on full moisture load)

air temperature
relative humidity
wind

comments

DRY BULB TEMPERATURE .

ave, inlet {entire door)
ave . outlet (entire door)
ave, room (5' ht.)

WET BULB TEMPERATURE-
(based on full moisture load)

J' ht, ove, inlet
ave, outlet

5' ht, ave, irlet
ave. outlet

56 - 8OF

65 - 90%
SW 5 mph
cloudy, rain

833
[RIVG

Figure 35

ave. outlet (3'ht.)  B1.5F
" ove, outlet (5'At.)  BI.OF

‘RATE OF AR FLOW

cfm/person
helivm 1.9
water vopor 6.7
air chonges/hour
helium 11
woter vopor . 4.0
COMMENTS
Appfon. 5 Ib/hr molst. e input
(tokm 'OOd)o

Equilibrivm not established,
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1

. ;_'.-;;
: g
} - -
. S BUILDING NQ. 2.
g o \ . TEST NO. 2 - .
.:_ . ¢ _ . . .. :“_:
' ? 6/12/62 (0800) - 6,/13/62 (0800) N
100 OCCUPANTS - 15 SQ. FT./PERSON -
™ g -.-_—sw . NE'—-_—_’ - )
S . - . t D
f ': ( € 3 “+ i -b.:l
. a3 & ;1:’
. 3 e
~ - dr ‘*”—
1 -1 -
<« ¥ =l
A
- ﬁ -y ‘
,m [ N N e
=8 :iim { o . -
inlet (20.45q. f1.)  outler (14.51q. ft.) . e
OUTSIDE CONDITIONS - EFFECTIVE TEMPERATURE . e
- (based on full moisture load) )
air tempetature 55 - 6IF , o
relotive humidity 95% ave. outlet (3'ht.)  B1.0F S
wind ENE 3 mph ove, outlet (5'ht.)  82,0F ST
< gomments tain o
DRY BULS TEMPERATURE RATE OF AR FLOW Lo
ave, inlet (entire door) 78.8F cfm/person .
ave. outlet (entire door)  82.8F helium 3.5 e
ave, room (S' ht,) 84.7F waoter vopor 6.3 -
. air changes/hour
WET BULBE TEMPERATURE helium 13 .
(based on full moisture load) water vopor 2.3 o
3'ht. ave. inlet 86.5F COMMENTS S
ave. outlet 30, 5F o
5' ht, ove, inlet 67 .5F Approx, 5 b/hr moisture input
ave. outlet 81.0F (token load). -

Equilibrium pot established,

Figure 34 .\
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In Test #3 (Figure 37) half of the top panels, with a net cored of 34,4 sq. ft.,
have been removed to increase the size of the outlet areo and also to promote
an increase in cir mixing. The removable panels in fhe partition woll ore

illustmte& (Figure 33). The outlet door still remained open to provide o

 tobal opening orea of 48.9 squ .

With the some occupancy as in Test 72, this test condition reached equi=
librium at temperatures lower than the selected moximum. With the aie
change rate and space temperatures obtained, it is believed that this would
be a habitabie condition provided ﬂ\; infiltration rate of fresh air is suf=.
ficient to maintoin o low co, level, This has not been measured.

The reliobility ot the dota obtained when top panels are removed is ques=
tioncble. The reason for the unrelickility is that psychrometers were
ploced in the outlet doorwery rather thon at the location of the outlet
panels. Thus, the psychrometric data obtained ot the outlet door were used
to obtain the spezific humidity over the entire outlet. This affects the
volue of calculated eftective temperatures. The actual effective tempera~

tures would be higher than the colculated values.

In Test 4 (Figure 38) oll of the top ponels were removed providing o total
outlet orea of 83.33q. ft. Occuponcy remained ot 15 sq. ft./person and
cesults were not much different than in the previous test, Agoln, the alr
chonge role and temperatures oblained oppear to providae o hobitable con~
dition if o low CO7 level Is mointcined.
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BUILDING NO. 2

N ~ ) TEST NO. 3
-4 L '
-] _ 6/13/62 (0900) - 6/15/62 (1000)
100 OCCUPANTS - 15 SQ, FT, /PERSON
—w NE——= -
“T 3 - ]
oL
2 &

), N ' s ]
% ?‘- :
s "
] + s N
’ | i
: Ho 0 -
' E ) -
5 inlet ,20.43q. f.) outlet (14.53q. ft. — doar) 7
. (34.4 5q. fr, — panels)
2 QUTSICE CONDITIONS EFFECTIVE TEMPERATURE }:?
N {bosad on full molstuce lood) )
y air temperoture 56 - 61F ey

relative humidity 84% ove, outlet (3'M.)  74,0F :“

- wind SW 2 mph ave. outiet (5*'h.) 77.0f N
S comments portly cloudy “
. DRY BULB TEMPERATIRE RATE OF AR FLOW

k ove, inlet (entire door) 76 7F clm/person S

- ave, outlet {entire door) 85 .0F helivm 6.8 -

' ave . toom (5' ht,) 83.1F water vopor 12.8
oir changet/hour ¥

WET BULS TEMPERATURE helium 2.4 N

(based on full moisture load) woter vapor 4.8 .

J 3 ht. ave. inle! 64.0F COMMENTS .
ave. outlet 87 .0F i
N $' ht. ave, inlet ¢5.3F Appron. 5 1b/lw molsture input .
% ave. outlet 70 .5¢ (roken lood). . "
s Equilibrivm estoblished. N
::: Figwe 37 .
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BUILDING NO“

. TESI NQ.

s/15/62 (1100) - 6/16/62 (0800)

100 OCCUPANTS - 15 SQ. FT./PERSON

STAIR TOWER

Tt (A St o) Norer ol lop ponels
(68.8 «3. ft. = ponels) ore removed,
OUTSIDE CONDJTIONS ’ EFFECTIVE TEMPERATLRRE
(bosed on full molsture losd)
cir temperature

rolotive humidity ove. outlet ('R}  76.0F
wind ove. outlet (5'h.)  77.0F
comments .
RATE OF AR FLOW
DRY BULB TEMPERATURE
clo/parson
ove. inlat (enthe donr) T W : heliven
ove. outlet (entire door) . ' waler vopor
ove. toom (5' nt.) i oir ciongerthour
helivm
WET bULE TEMPERATURE ' watet vopor
{bosed on full moisture loud)
COMMENMTS
I . ave, inlet
ave, outlet Approx. 5 1b/hv molsture input
5' i, ave. inlet {token losd). -
ave. outlet : Equilibeivm estoblithed.
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" In Test 75 (Figure 39), occuponcy was increased to about 10 sﬁ.‘ ft./person, - ‘N‘
Al of the top ponels remained open. An increased cir c}.\ange mﬁ was - S
noted ard the effrctive temperatures again indiccf.ed habitcble conditions, .
However, with regard to the lost three tests, the method of obtaining
specific humidity over the entire outlet would yleld calculoted offecfi\;. "”'”
temperatures below the actual volues.
Alt pertinent dota obtained from the five tests conducted in Building Ne. 2
are summarized in Toble 5. The vorious air Flow cireuit configuratiors are ) :
obso prescnted (Figure 40). | .
The problems encountered in Building No. 2 con be summarized s followss --.
‘¥, Time limit of 1 week in the Jait spoce impoted savere limitatiom, | s
2.  Five sersing devices were octing erraticolly, Ponibly the entire :
Portoble Infilirotion Meter system needed chacking ond overe g
| hovling. The erratic drifiing of the Imirvment during the rure :‘:
yielded 1cottered resuihy thot were not comporable to the water -
vopor technique. This leoves some question as 1o their volue in “
this secies of tests, ...,ﬁ
3.  Ewiting mechonicol equipment could not be removed from the “
test spoces. Moittute in the spoce hod to be kept low to pre= -.
vend doswoge 10 the equipment, Thetefore, only S ta. per . M
. of woler wos evopovated insteod of the omount octurolly .‘:-_\f
cequired for full occuponcy. : :
80




150 OCCUPANTS - 10 SQ. FT, /PERSON
) ‘ ~———sW NE—— o
e 3 “r : .
_ 2 & S
1 o .
7
- / 8 ' + o
' ﬁm}mﬂ i | l e
h‘ll “l] | . R -
2 infet (20,4 3. i1.) ouﬂe! (14.5 3q. 1. — doot) Note: all top porals ey
3 . {68.8 5q, ft. ~ ponely) ore cevoved, R
2 ; OUTSIDE CONDITIONS EFFECTIVE TEMPERATURE :::j::
{basad on full moigtuee toad) o
. it tempeiohate 58 - 82F =
relotive humidity 75 « 84% ave,outlet {(3*W) 7. )
] wind : SW 1 ph ove. outlet (S'he.)  P9.0F "
R comments clear, anild .
: DRY BULS TEMPERATURE RATE OF AR FLOW :
T ove. inlet {entire door 77.7% person -
- ove. outlet {entite doot)  BS.OF wotet vopor 123 ‘
- ove. oom (5°h.) 83.5F oir chonges/houe R
woler vogpor .3 .
S WET BULS TEMPERATURE !
9 41 (bosed on full moisture lood) COMMENTS a0
. ::: 3' M, ave. inler 64 OF Appton. 5 lh/b- moisture input -
o . ave. outlel 78 .OF (token lood),
5'\r, ove. ialet 65 .6F Equitibrium established, -
N . ove. outle? 73.0F o
ylﬁ : ;“
Figwe 39
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d
TEST NO. §
.
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6/16/62 (0900) ~6/17/62' (0500)
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; 5L
T |

inlet ouilet
ffy— sw

SRR

inlat outlet

inlet outlet

TEST NO. 1 )

Mechanical ventiiation system opesating.

Vol. ratic — test space to circulation space = 0.20.
Inlet opening 20.4 sq. ft.

Qutlet opening 14.5 5q. &,

TEST NO. 2

Mechaonical ventilotion system operating.

Vol. ratio ~ test space to circylotion spoce = .20,
Inlet opening 20.4 3q. #.

Qutlet opening 14.313q. .

TEST ND., 3
Mechanicol ventilotisn system operating,
Vol. ratio ~ test space to circulation spoce = 0.20.
inlet cpening 20.4 39, T,
Outlet opaning 14.5:3q. }, « door.
68.81q. fr. — SE top punels.

VEST NO, 4 ,
Machonical ventilation system operating.
Vol. talio == test space 1o circulotion space = 0,20,
inlet opening 20.4 5q. ft.
Outlet opening 14.5 3q. . <= door.
68.8 1q. ft. — oll top panels,

TEST NO, §
Mechonicol ventilotion system operating.
Vol. tetio = test space to circulation spoce = 0.20.
inlet opening 20.43q. fr.
Outlet opening 14.5 3q. ft. — door.
68.81q. it. — oll 1op ponels.

COMPARISON OF AIR FLOW CRCUIT CONFIGURATIONS — BUILDING NO, 2

Figwe 40
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Table 5
TEST SUMMARY BUILDING NO. 2
TEST HO. 1 2 3 4 5
Durction of test 47 hss, - 24 hes, 49 hes, 2] brs. 21 ks,
Simulated occupoacy | 130 100 100 120 156
Floor crea per person | 10sq. ft. | 13sq.ft. | ¥5sq. B, | 15sq. ft. | 10sq. f1,
Qutside conditions .
oir temperature 56-80F 55-61F 56-61F 58-64F 58-62F
relative humidity 65-90% 95% 84% 76-84% 75-84%
wind direction S\W ENE SW W Sw
wind speed 5 mph 3 mph 2 mph 2mply - 1 mph
. comments cloudy, rain : partly. clear, - | clear,
rain cloudy mild mild
Dry bulb temperature : 5
ave. inlet 79.3F 78.8F 76.7F 76,2F 77.7F
ave. outlet - 83.3F 82.8F 85.0F 83.0F 86.0F
ave. rooin 85.0F 84,7F 83.1F 81.0F 83.5F
Wet bulb temperature :
ave. inlet (3') 69 .5F 66.5¢F 64,.0F 64,.0F 64.0F
ave. outlet (3') 81.5fF 80.5F 67.0F 49.5F 7.0F
ave. inlet (5') 70,0 7.5 65.3F 67.2F 65.8F
ave. outlet (5') 82.0F 81.0F 70.5F 70.0F 73.0F
Effective temperature :
ave. outlet (3') 81.5F .OF 74.0F 76.0F 77 .0F
ave. outlet (5') 83.0F JOF 77 .0F 77.0F 79.0F
Air flow
zfm/person
helium 1.9 3.5 6.5 14.1 Not used.
water vapor 6.7 6.3 12.8 11.8 12.3
air changes/hour
helium 1.1 1.3 2.4 5.3 Not used.
water vapor 4.0 2.3 4.8 4.4 7.3
Comments Token Token Token Token Token
moisture moisture moisture meisture moisture
load. load. load, load, load.
Equilibrium | Equilibrium | Equilibrium | Equilibrium | Equilibrium
not reached § not reached.) reached. reached, reached,
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CHAPTER 5 -

TEST  BUILDING NO. 3 ' .

DESCRIPTION OF SUILDING AND TEST SPACE

The third building proviﬂed the most desircble test conditioms. From the be-
ginning of Jf:ly..to mic;—August complete control of the l;uﬂding was possible.
The building wos unoccup?ed', which allowed control over window and dc:or
openings. Also, mechanical ventilation systems could be turned off at will

during the six week lest period.

The bui|diné selected was a 5 story dormitory 60 ft. by 160 ft. with basement
(Figure 41). Main construction is reinforced concrete frame c-md shabs with
brick panel walls, which contain about 25 percent w.c‘ndows. Comstruction
throughout is af least average so that infi!trgﬁon thfougl; metal windows and
masonry wolls is o minimum. The long axis coincides with g southeast=north=

west line, Building volume is approximately 510,000 cu, .

The test space connects the bottom areas of both stair tawers and provides
a nearly straight line flow between them (Figure 42). Door openings of
17.0 5q. ft. each provide access to the 9' x 15’ stair towers. F 't;or orea of
the test space is 1510 sq. ft. and the volume .is 15,100 cu. ft., or 1/3 of
the total basement area and basement volume respectively. The ratio of the
test space volume to total building volume is opproximately 3 to 100. A

two-cab elevator shaft is located near the center of the test space.
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EXTERIOR VIEW - BUILDING NO, 3

Figuwe 41
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iNo modification to the test space wos réquired except to ;ea! off on under-
ground pipe-tunnel entering the basement. A temporary partition was also
irstolled os shown on plon (Figutever) to pravide a separate instrumentation
orea. For one fest, stair closures were provided in both stair towers ot the
second floor obove ground floar. 'l;he closures were well sealed and the 5 .
story building then became essentiolly o 2 story building. In another ;esf,

a “side room™ 37 ft. deep by 25 ft. wide was used. The "side room® tes;
space hod dovole doors in o 34.8 sq. ft. opening and was located near the
cool or inlet end of the test space (Figure 42). A single high window approx-=

imately 2°-3® by 3'-2" was closed but not sealed.

The ground floor con;ains lobby, lounge, and office space. The fo;.w "O;B
above contain typical dormitc;ry rooms (Figure 43). The domitory rooms are
along the outside with 5 ft. wide corridors running along both sides of on
interior service core. Room doors have a 1" crack at the bottom but no

ventilation grilles in the doors.

The northwest stair tower ends at the top floor while the southeast tower
extends 10 the roof where a sun deck s located. This tower has no external
walls except ot the ground story. The northwest tower hos one exterior wall,
Exterior walls of both towers contain 11.5" wide vertical strips of windows,
in units 50 inches long. Each window unit Is well sealed when closed. A
longitudinal section shows the stair iowers and test space (Figure 44), A

fransverse section through the building Is also presented (Figure 45),
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SECTION 8-8 -~ BUIDING NO.3J

Scale: 3/34" = 1' = 0"

TEST SPACE




2
|
;
|
|
|
.

PR UV VY S

s

[T PEAP P

LY
4ei -

e

RS X
SR S i
= "
o .
: 1

. .
v A L3}
- AR TR
[N -
e .
* I
.

- "

. ..
' . 2
. .

"
-

+
-

PPl
e
»

-
et = T
b1
»

INTERIOR VIEW OF TEST SPACE

Figure 46

B
oo
R
-]
»




An 8' x 14’ section of the pipe~tunnel entrance in the basemeut was closed
off as an instrumentation area. Potentiometers for recording fhermocc.;:upk
readings, timing devices, Portable Infiltration Meter indicator cabinet,
and telephone wese put into this area. Lamp banks, humidifier borrels,
control panel, cutomatic psychrometers, and Portable Infiltration Meter
sensing devices wgre'locoted in the main test space s shown_(Figute 42).
An interior view of the main test spoce is shown (Figure 46) althaugh the
instruments were not present when the photo was teken. Poper strip indi=
cators were located in oll doorways incorporoted in air flow circuits,
Hygro=-thermographs were lucated in the corridors of upper floors in the air

flow circuils.

Excepf for the “side room" data in the lost test, water vapor maasurements
were used lo determine air change rates. The N,8.S. Portoble infiltration
Meter could not be used for most tests becouse the alr change rotes were
higher than the upper limit for operation. Also; ersatic _behovlo: of this Ine

strument required that work be done to restore it to proper operating condition,

For the last test, which involvad o “side room, * the best Portoble Infiltration
Mater sening devices ware set up. The woter vopor mathod of defermining
oir chonge rote was impossible here, since there wat only one opening to the
“side 1oom" test space and obsolute humidity differentiols could not be ob~

tained bedween inlet and cutlet.
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GENERAL PROCEDURE

Since Building No. 3 was availoble for o six week period and almost come=
plete control of the building was possible, o wide voriety of ois flow civ=
cuits could be examined in greater detuil than wos possible in Bui ldings
No. 1 and 2. A schidule of aperations shown in Toble 6 described th

chronology of testing in Bui ldi.r;g No. 3.

The general procedure for simuloting the occupants and-determining air
change rates which was used in Building No. 2 was also used in Building

No. 3. Refer to Chapter 4. A significont difference, however, was that

for the latter tests in Building No. 3 full meisture loads were used in simu=.

loting the occupants.

TEST RESULTS

Preliminary observatioﬁs‘ were mode to defermire the effect of extraneous
factors in promoting air change in the fest space after it was sealed from

the remainder of the building. All cracks larger than 1/16" had been closed
with tape. For this preliminory test, th-e bosement door to each stair tower

was closed.

This test made use of the tracer gas decay technique, using helium as the
gas. This method here proved satisfactory as the oir change rote waos very
low. The air change rate, however, was not constont over the Qxfended
period of test fime necessary for testing, but could be judged to be less then

0.3 air chongé per hour ot the maximum. This rate proved to be negligibly
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small in comparison with rates obtoined later under better flow conditions.

Preliminary observotions indicoted that, for the remainder of the tests con-

ducted in this test space, no concevn need be given to extraneous factors

offecting the results. The toping hod seduced these.effects 1o a tolersble

> »
mifamun,

Not afl of the test runs shown in Table 6, Schedule of Operations Building

No. 3, ase reported in deteil. The reason for this is that some test runs

gove no significant results, and in some other tests the data was later proved

”

to be invalid. One teit wos set up only for purposes of instrument checking.

These tests hove baen included in the schedule of operations so that the

chronclogical order of testing would be complete.

X f 1

Y‘

Tests #1 and ¥4 (Figures 47 ond 48) were conducted to determine what air

s

L
R R ML)

change rates might be expected in the test space when various apenings to

T

the atmosphere wére made in the air flow circuit. One window unit of 4.0

sq. ft. was open in each stair tower as shown on the figures. The oir changs

rates were mainly depeadent on external wind conditions, and therefore, the

results of the few tests run under these conditions could not be correlated.

No accurate measurement of these oir chonge rates could be made at this

time becouse of the unsteadiness of the aiv flow and the fact that ol alr

change rates were too lorge for the tracer gos decay method to give accurate

records.




. ; BUILDING NO. 3 . - . e T e S
R § TEST NO. 1. ' . R
NN g ' C '- S 3 S
N ! 7/17/62 (0800) - 7/18/62 {1700) B 3
s = NO_OCCUPANTS
. NW | SE—> :
- 4 ' -'5:".

| : |
o AN - ! open win W]
. | — | e |
% ¥ N ' ‘ lu e m his - L
: AR Il o

I

Ve T outlet (17.03q. ft.) inlet (17.03q. ft.)

B . an - e oned b

) | .\-‘:. L . K _:
T&; - OUTSIDE CONDITIONS EFFECTIVE TEMPERATURE 5

A ' — . (based on full ‘moisture load) o
Bt ' 7 . i
NN : air temperature 66 - 82F e

oY : relotive humidity 50 - 90% ave. outlet (3' ht.) & Py

kB wind 5 3-5mph ove.outlet (5'ht.)) o el
B comments cloudy, humid W
.:'.ji' ;113 DRY BULB TEMPERATURE - ' RATE OF AR FLOW ’ f;i'_-j
| ‘ cfm/person Y

. - ' _ ave. inlet (entire door)
. ave. outlet (entire door) -
‘ i ave, toom {5'ht.) 3.2

\l\lg
f

-
1.0F air changes/hour rapid L e

o N WET BULB TEMPERATURE COMMENTS ’ 1;
o 28 "(based on full moisture load) - ‘ R
) L * No occupants, -

). 3" ht. ave, inlet

&«

N vt —— bl
N . 'S .
iy ave., outlei . o
L 2, . . S [N
o 5' ht, ave, inlet . Ce
= T - e
. .

e N ave, outlet *
A X A ev— X L.
. b, .
\L‘\ - » “'
Xt RS .
hRN Y L

e ot

H

[ (=

. . e
S ., AN
- . . X
c 3 T M
LR . . ‘ .
N .. - Figure 4 -
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v, ! 1.7
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From these fests, however, it was observed that if it were possible to moke.

openings to the atmosphere ot selecfed points in the air flow circuit, with
enythi ng but-completely calm ambient wiuci c;ondiﬁod.s, ‘the test space
could possibly be used without giving consideration to the driving force
created by the occupancy in the space. T?-|e air whx;ch would flow 'through”
the test space led be olmost 'c::mple%e ly fresh air, and unless the ambient
conditions were unfavorcble with very high temperature and humidity, éon«-
difions .in the space would be good. The problems that arise in the cose of
air circulating thfough an enclosed circuit ir the building, corstantly rising
temperature, humidity, and CO4 content of the inlet air, would not occw.
The problem of dissipating the excess heat and humidity by infiltration and
condensation in that part of the air flow circuit outside the test space

would not arise.

It was not considered necessary to continue testing this type of air flow clr-
cuit with simulated occupancy because of the good conditions which pre-
vailed with the space unoccupied. Any odditional heat or moisture would
necessarily Increase or add to the driving force of the wind, although it
would not be likely to change it to any greot extent. The only possible
drawback in this case would be that in coal weather the te;t space might

become too cold for continuous occupation,

s" '.‘ 3
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& i BUILDING NO. 3 |
| _ TEST NO. 4 - | g ]
R . . )
® © 7/23/62 (1000) ~ 7/24/62 (1200) S
5 i NO_OCCUPANTS b
NW e SF et
'{. Z 6 : ;:'___
‘f;f" -g P~ 4 =
) st 2 -
; o L
b | 1 ] :',:‘_
il I i = :
il D B
o “outlet" (17.0 sq. ft.) B . “inlet* (17.0 sq. f.) i
‘-‘; . . it ‘ p-
:jf' : o
o QUTSIDE CONDITIONS EFFECTIVE TEMPERATURE "
‘ {bosed on full moisture load) N
air temperature 41 - 78F &
— relative humidity 70 - 95% ave. outlet (3'ht.) . '“r
o wind NW 7 mph ave. outlet (5'ht.) .
comments showers .
= DRY BULB TEMPERATURE RATE OF AR FLOW s
m? ave. inlet (entire door) 70.5F cfm/person . 4
U ave. outlet (entive door) 67 .0F air changes/howr ropld ]
N ave. room (5' ht,) 72 . 5F .
S 3 .
o WET BULB TEMPERATURE COMMENTS N
R {based on full moisture lood) ]
E “Outlet* and “inlet* indicate loce~ X
e 3' ht. ove. inlet . tiors, not direction of air flow. o
N ave. outlet . * No occupants. .
g 5' i, ove. inlet S
X t} ove. outlet .
. Figwe 48
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Test 76 (Figure 49) was one of the first of the series in the test with simy-

loted occuponts. The bosement access doors into the stair tower were open,

but otherwise the stair towers were closed off from the remainder of the

building. - Al fresh air would necessarily have to infiltrate into the stair

towers from the outside, or from the interior of the building aropnd the stoir

tower doors at each floor fevel. This amount of infiltzation was not expected

ta be large in comparison with that necessory to sustain required conditions
in the bosement test space. This expectation was borne out in the results.
The pattern of air change showed that the IAighrer hedted air in the test
space was displaced by the heavier cooler air in the stair tower. This re=
sulted in air change occurring mainly near the stair tower doors with little
‘change occuring in the interior of the test space. The pattem of the oir

current is shown in the figwre.

The air change rate in the test space for the condition, found by both tracer

gas decay and water vapor methods, was on the order of only one air change

per hour or only obout 2 cfm per person for this occupancy. The omount of
clean outside alv that had infilirated into the bullding is not known. The

air could very well lose the excess haat from the basement by condersation
theough the stair tower woll, but the CO4 content in the air could be con-
tinvally incremsing. Alo, the full moisture tood for 150 people in the bose=
ment wes not odded to the spoce. If this moisture load hod been odded, for
this low alr change rate, conditions in the basement would very quickly have

become intolercble and the moximum cllowoble effective temperatire spasad.




This test is comparable in conditions to previous tests made in Building No.

1, where the air change rate was found to bo fairly high. This was most
likely due to the fact that mechanical ventilation wes operating in thet
test. The time of year ond the ombient weather conditions were also
quite different, but thisis not thought to have caused a change of this

mognitudp. ' ' :

At any rate, this condition of operation at this time of year was seen to
be poor, and an air flow circuit of this type encountered in any potential

shelter space would definitely not be adequate.




! BUILDING NO. 3 o L
{ TEST NO. 6 - - o S
-t . . . . ) A . . ...-:‘-
7/26/62 (W00 - 7/27/62 (1400) | . R
$ . . - -
‘ . - ]
f 150 OCCUPANTS - 10 SQ. FT. /PERSON -
b ——m NW SE———o T
2 L
5 o
4 £
= 3 ‘:
2 b
= ~
— IR
i AT i) .
“outlet* (17.01q. f.) “inlet* (17,0 sq. ft.) s
fw‘h
OUTSIDE CONDITIONS " EFFECTIVE TEMPERATURE .
' (bosed on full moisture load) o
alt temperature 50 - 69F L
. relative bumidity 45 - 85% ave. outlet (3'ht.) 76.0F sob, Ly
' R wind SW 2-4 mph ove, outlet (5'ht.) 82.0F sot, o
; ko comments cloudy, cool both readings beyond
y L soturation point
B DRY BULB TEMPERATURE
.: RATE OF AR FLOW
} . ave . intet {entire door) 77 .OF .
g ave. outlet (entire door) 79.0F cfm/person 2 —-
3 ave. toom (5'ht,) 83.6F oir chonges/hour KV ] .
o WET BULD TEMPERATURE COMMENTS .
[ {(based on full moisture laad) -:::'
KA Approx. 5 Ib/le moisture input e
1 : 3t ht, ove. inlet 62.5¢ (token lood). o
1 ove, outlet 78.0F Equilibrium established., )
R 5' b, ove. inlet &4, 5% A full molsture input satura= o
5 NI sve. outlet 82.0¢ tion would have been reached. N
L N «i . Outlet* ond “inlet* indicote loca= ]
‘ O S . tiond, not direction of cir flow. t
" Figure 49
: .




Tests 47, #9, and 110 (Figures 50, 51-, ard 52) were conducted during a
one week period wher; ambient weather conditions were relatively constant.
For this series of tests a cloture was placed in both stair towers between the
second and third stories of the building, essentially redyclng the building

to a 2 story-plus-basement configuration.

The simulated occruponcy of the basement wes based on @ 10 sy. {t. per
person orea requirement.. The expected average test space dry bulb tem-
perature was judged to b between 80 F and 85 F; therefore, the rotio of
sensibie to latent heat Input was set at one to one on- the bosis of Table 1.
However, as the effect of a high moisture ‘ocd on the bullding could not
be forseen exactly, only o portion of the total amount required was odded
in the first test ond on citempt was made to predict a final condition of

full input from the results cbtained in this mannar.

The oir flow circuit as fnitially set up had little direct contact with ony
exterion surface of the building, The circuit through the second Floor con=
sisted only of the hallways in the interior of the building. No doors to the
dormitary rooms were opened. Air movement through openings oround the
doors would provide the only contact between the high temperature, high
tumidity oit and the ambient room air odjacent to the cool exterior walls,

tn Test 77 (Figure 50) provision was made for o mofsture input to the test
spoce of approximately S pounds per hour, actual full oceupancy requirement
for the 1poce was upproximately 28 pounds per hour, The test wos conducted

105
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over g three doy period and ot no time did the actual effective temperature .

o in the test spoce opproc;:h the moximum ollowable of 85F.

The oir change rate for this condition was determined by the water vanor
method and-was found to d;/emga between 3 and 4 air changes per_ﬁour
after equilibrium had been reached. When the effective temperature was
projected to include the effects of o full moisture addition in the test space,
it wos still well below the maximum allowoble. The projected _effecﬁve

temperature wos between 81 F and 81.5F.

Projecting the effects of the full complement of molsture oddition in the
space auumes that the air change rqte and dry bulb temperature of the space
would not be offected by the actual cddition of the full latent load to the
space. Only the outlet humidity is comidered to be offected. The resulting
reloﬁvc humidity and effective temperature are based on the some maximum

dry bulb temperature.

In Test 79 (Figure 51), the second of this series, the omount of molsture
input was doubled since in the previous test there was no apparent conden=

sotion of waler vapor on the surfaces of the olr flow clrcuit,

The air change rate for this condition of sensible and lotent heat additien
vose to 4.5 10 5 oir chonges per hour. The condition of occupancy hod not
been changed from the previous test condition of opproximately 10 1q. ft.
per penson, except for the addition of ¢ greater omount of latent heot in-

put. The oddition of this increatad moisthure lood seemed to hove more

108
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effect on the final condition of dry bulb tenperature than had been ex=

pected. The cvemé‘e dry-bulb temperature in the test space rose over 2 de~
grees F, even with the increase in it change rate. This rise might be par=
tially explained by different ombient conditions, but these conditions, ot
least as for as temperatuse is concemed, did not vary te.any extent from
those of the previous test. The amblent relotive humidtt)'y did increose ond
this could couse a higher relotive humidity imside the tost space and, there=
fore, o higher effective temperature. The projected effective temperature

for full moisture lood did rise, in fu'ct, reaching 83 F 1o B4 F,

However, the total effect of the increase in the amount of latent heat
addition was not what had been anticipated. For this reason, 1t was de=
cided that in order to ascertaln with the greatest degree of relicbility the
final conditions of air flow and effective temperature in the spoce, the
full latent Yood should be added to the test spoce. This would entail the
possibility of domaging the building or its contents, end this foctor would
aho have to be coraidered.

tn Test 110 (Figure 52), the third test of this building configuration, the
full amount of latent load was added to the st space. The sersible load
remained the some o In the two pruceding Tests, # ond 09,

Equilibrium wos never estoblished in Test 710, The ombient conditions
were procticolly the some o3 they were Tor the first test of this configurolion,
althsugh the results were much different. It becomes evident, then tha?

w
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these different results must have been caused by the addition of the greater

amount of mois!u@. Within o 12 hour period ofter the stort of the full .
moisture addition, the effective temperature in the spm had sisen to 55 F
ond condensation was occurring on the cooler walls and windows throughout
the air flow circuit. The air charge rate calculated by the water vapor
method was opparently cbout @ per l\o;x, which is double whaot was found ‘-:..
in Test 17, This increase would be partly due to the foct thot the tempera=
ture in the test spoce was much higher and, therufore, the driving force - | L.
was highar, Mst likely, though, there is on error due to the fuct that )
equiilbrium hod not been reached. The relotive humidity in the test ipoace

was continually rising throughaut the durction of this test so that the vapor
preswre in the tpoce wex sontinually Incieasing. This would couse o greater .
omount of wotar vapor fo enter the surfaces of the test space and occordingly

a smatler anount wadd remain in the alr. For the same rote of molsture

addition fo the 1pocs, a unaller apparent increcse in the vapor content of

the olt would indicate o larger alr chonge rate, In this cove hrw thon wos
really occuseing. The actual tate was mors likaly & b 7 aie chonges per

howr.

Duting this test the wutio of sensible to latent heat wos oot choaged from

the conditions of the previow tests to account for the increase in the test

space lemperoture. However, the input remoined close enough fo thot ro~ .
quired 1o thot the results con be comsidered volid. An increcss in the

omount of lotent hec? combined with o decrease in sersible hea? would
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i likely result in o lower oir.change rote and o much greater relative humidity. :l
. " Since the relative humidity in the space was already over 90%, this in ':“
. effact would couse the condition in the spoce %o become worss, approaching !
100% relative humidity with condensation on the surfoces of the test spocs

which would continue for the duration of the occupancy. BN

| {* wos very apparent at this time that nn air flow circuit of this type wos

- not proctical, ot least where only o limited area of woll and window surface f: g

directly connected with the omblent air wos availoble. The results would :‘

undoubtedly have been improved for o time had the dormitory room doors
been opened and o lorger amount of window and wall spoce been mode
: availoble for condersation and exfiltrction of molsture foden alre The mola w-
result oblained from these teats is tha? the projection of final conditions by " vw
) the usa of only o portion of the total motsture tood In the achuol test should g

be coraidered. Only the oddition of the full complement of lotent and m\-

saniible heat to simulote the desired occuponcy will pive accurate resite. “Mw

This procedure wes odopted in the remaindar of the tests In this bullding.
These thees tests (#7, #9, and $10) show why the resulis for Test #5 ore Ine

valid to o certain extent, and wity it hos beens cmitted from the discumlon, N ,

5
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BUILDING NO. 3

TEST NO. 7

7/27/62 (1400) - 7/30/62 (1000)

150 QCCUPANTS ~ 10 SQ. FT./PERSON-

- NW SE ———tm
e s e we— ]

B

~

FIRONON

1 |

outlet (17.0 sq. ft.)

OQUTSIDE CONDITIONS

air temperature
relative humidity
wind

comments

DRY BULB TEMPERATURE

ave. inlet {entire door)
ave. outlet {entire door)
ave, room (5 ht.)

WEY BULS TEMPERATURE
{hated on full molsture load)

3 ht. ave. inlet
ave. outlet

5 ht, ave. inlet
ave, outlet

40 - 81F

X0 - 80%

S 3-5 mph
warm, sunny

74 .0F
8‘ .N
81.6F

" 63.8F

78 .5F
63.8F
79.2F

Figuwe 50

IR S R

* -
‘-, 'n‘-‘l pr “‘ R &
l‘.-.o.l--“. ‘l‘

0 ..-‘.
'o\.’ .-‘., 'n ;

AR

.
(3
Pl RV PR VS |

il

inlet (17.0 sq. ft.)

EFFECTIVE TEMPERATURE
(based on full moisture load)

ave. outlet (3' ht.) 81.0F
ave. outlet (5'ht.) 81.5F

RATE OF AR FLOW

cfm/person Sw?

air changes/hour dwod
COMMENTS

Approx., 5 Ib/he moisture input

(token lood),
Equilibrium establithed.
No cpparent condensotion.

0"0 RO .
® » % a 0
Vot K P nt, L, P
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e 8 | ~ BUIDING NO. & =
R ¥ 5 COTEST NO. 9. . R N R

S 7/31/62 (1700)-8/1/62 (0900) S : ]

. 150 OCCUPANTS - 10 5Q. FT./PERSON ;

NW ‘ SE————er

R - v
N 5 j
b 3 BN

2 —H

&
. ' it .
: ' i
. ;n':“l -
- vty N

i _ | outlet (17.0 sq. ft.) inlet (17.0 sq. f1.) win

R | - 2
s N QUTSIDE CONDITIONS EFFECTIVE TEMPERATURE {i::

R - N ) : (based on full moisture toad) .
e . air temperature 40 - 78F e
il relotive humidity 50 - 80% ave. outlet (31 W) 63.0F N
NS .o wind W 3 mph ave. outlet (5°'h.) 84.5F d wes

R : commeats clear, hot ! .

. DRY BULS TEMPERATURE RATE OF AR FLOW )
. ave. inlet (entire door) 76 .5F cfm/person 8

. ave. outlet {entire door) 85.9F air changes/hour 45%5
R = ave, room (5'ht.) 83.% -

o D WET BULB TEMPERATURE COMMENTS
M N {boted on full moisture lood) ]
N 9.7 Ib/iv moisture input o

' 3' b, ave, inter 7.5 (portial load). 2
. ; : ove, outlet 81.0¢ Equilibrium established.

o S ht. ave, inlet 7V.SF No condensalion apparent.
P a . ave, outlet 82.5¢ :
LS - . . .
e 2 v
i s.: ::.!
"
.. : "._
AN R Figute SI
e o -
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f
* BUILDING NO. 3
TEST NO. 10
6/1,/62 (0900) - 8/1/62 (2200} .
150 OCCUPANIS - 10 SQ. FT, /PERSON
-~ NW ' SE ———
T !
6 +
R 5
L, 4
3
I = 2 - L_’*
1 | | ' ji
e ! l i il Nﬁ
i I !
outlet (17,0 sq. ft.) L..} inlet (17.01q. f1.) .
OUTSIDE CONDITIONS EFFECTIVE TEMPERATURE
(based cn full moisture load)
air temperature 68 - BOF
relative humidity 0 - 4% ave, outlet (3' ht.) 84.0F
wind NW 3 mph ave. outlet (5°'ht.) 84,5¢
comments clear, hot
DRY BULB TEMPERATURE RATE OF AR FLOW
ave, inlet {entire door) 77 .2F cfm/person 1010 2
ave. outlet (entite door) 86.4F air chonges/hour 60?7
ave, room {5' ht,) 84.8F
WET BULB TEMPERATURE COMMENTS
(bosed on full moisture load)
2% 1b/hr molsture input
J' W, ove. inlet 77 .5F {tull toad).
ave, outlet 83.0¢ Equilibrium not establithed .
$* hi. ove. infet 78 .OF Condensation on wecond
ove , outlet 84 .0F stoty within 12 hours,
Figwe 52
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For Test 111 (Figure 53) o different building configuration wos used. The ™

change made between the conditions of this test and ﬂ\osc of the previous

series of tests wos the lacrease in height of the air flow circuit from Nc o -
five stories. The conditions in the test space were continued os in Test hHo,
The same mo;:nt of moisture input wos made, but the sensible load was some=
what greater than required. However, the effects of g:hmge‘ in height -

would still be expected to become oppcr;mt when the results of this test

weu; compared with those of the previous tests, comidering the fact that the

changes in ambient conditions were not extensive.

Upon comparison with the previous test, it is evident that the ;iry bulb tem-
peraiure throughout the test space showed very little change. The alr
change rate was In;remed, reaching 7 to 9 air changes per hour, o3 weas

to be expected from the additional height. This increase was not large,

however, as the air change rcte in the previous test was obout & to 7 alr

changes per hour, The main difference in the two tests is noted in the rela~
tive humidity and 'effecﬂve tomperature comparisons. In the previous test,
cffecﬂgc temperotures had quickly reached 85 F and the relative humidity

in the test space was over 90% with both continuing to rise when the test

was halted, In this test, equilibrium was reached ot lower Higures. Since

the dry bulb temperoture throughout the test space did not change apgreciobly,
these differences in results obviously come about 03 a result of decrecsed

relative humidity in the test spoce.
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The relative humidity Tn the space during this pesiod did not exceed 85%,

ond at most ﬁme; was between 70% ond 80%. The more favorable results .

were duc ta the increased amount of coaler surface which was available ' .

for condensation-of the water vapor from the air. The avoiloble surfoce

il MR O

was more than doubled by the increase in length of the air flow circuit,

o~ s

. ; 7 While conditicns in the test space were still not a3 good as desired, -

PN
Pl R Y]

v,

evidently this wos o step in the right direction. Using ol available cool

i b
‘ swrfoces to condemse water vc;pcr from the air is very desirable. Maost cone L
: densation wos occurring on the windows of the stair towers, in particulor -
‘ on those of the inlet stair> tower which were the coolest surfaces ot oll '
% times during the testing. | }
i _ -
When lorge amounts of condensation oczur cutside the test space, in omo;mb * L.
; nearly equaling the amount odded to the space, inlet conditions to the spoce )
will not be substantiolly offected and equitibrum conditions will be estobe F'
§ " lished, However, o8 was noted in Test 710, when this amount of condensation x“
' does not occur, the inlet humidity will be continuotly ncreasing and there s
' K no hope that equilibrium can be reached. |
. :
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BUKDING NO, 3 , o
s g ; TEST NO.. 11 -~ . AR .
¥ U 8/3/62 (1200) - 8/4/62 (1730) o o
) ; - T E ‘ t,.
¥ - B 150 OCCUPANTS - 10 SQ. FT./PERSON
" f:: -—— NW. SE e 3 \
" 6 I e
g 2 V== 3 ~ o
o [ )
0 - L 4 ~d
» 9 3 . B
T . o
= » 2 %
1:t ! =
| E A i
S lﬂlﬂlﬂlﬂlﬂlﬂﬂﬂlﬂm i :
i outlet (17.0 sq. ft.) inlet (17 01q. ft.) uw-
N e . OUTSIDE CONDITIONS EFFECTIVE TEMPERATURE L
o N (based on full moisture load) ot
-3 alr temperature 67 - BOF o
R relative humidity 40 - 7% ave, outlet {3* ht,) 83.0F I
i : wind S 2-5 mph ave, outlet {5* ht.) 84.5F b
o] 3 comments clear, hot -
X} DRY BULB TEMPERATURE RATE OF AR FLOW "
4§ :‘ ave. inlet {entire door) 77.7¢ cfm/person 1210 18 v
- ove. outlet (entire door) 86 .4F ait chonges/howr 709 -
. S ove., mom (5'h,) 84.5F "'
N B WET 8ULB TEMPERATURE COMMENTS d
- Y . (based on full moisture load) e
I § - . 26 1b/hr molsture input o
B 3 ke, ove. inler 74,0 (full Youd), .
- 2, ave. outlet 81.0¢ Equitibrium estoblished. L
e T8 5'I. ave. inlet 74 .08 Condeniation apporent, e
Y - ave. cutlet 83.0¢ o
R Figwe 53 ]
= A :’:.i
l‘n.. \‘ .:‘.
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Another method which would seem to be available for creating better con-

ditions, along with the increase in cool surfoce orea, would be to decrease

the amount of latent heot addition in the test sﬁoce. This weuld, in effect,

be accomplished only by decreasing the simulated occupgncy in the space.

This wos the method odopted for the next test.

For Test 112 (Figwe 54) the configuration of the air flow cireuit was not
changed from whot it had been in the previous test. The purpose of this test
was fo determine the effect of reduced occuponcy on air change rate and
space conditions. The latent and sensible heat additions were odjusted to
simulote an actual occupancy of approximately 100 people in the test spoce

which omounted fo 15 5q. ft. of tloor space per person.

The air chonge rote ”;rough the spoce dropped to between 5 ond 6 oir
changes per howr ond the averoge dry bulb temperature in the test spoce
dropped to about B3 F, olthough the amblent cutside temperature during this
test wen higher thon in ony previous test. The effective temperature at o

3 fr. height did «u exceed 82 F during this test, which would indicote that
a lower stondord of occupancy might be helplul ia critical locations to
ottain better spoce conditions. It should be noted that olthough the oir
chonge rate decrecsed from the previous test, due to the foct that the occu-
poncy was lower, o larger flow of alr per person was oftsined (Figue 54),
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BURDING NO, 3.

TEST NO. 12
8/6/62 (1400) - 8/6/62 (2200)

100 OCCUPANTS - \5 SQ, FT./PERSON

Y R —

OQUTSIDE CONDITIONS

oir temperoture
relotive humidity
wind

comments

ORY BULB TEMPERATURE

ove. inlet {entire door)
ave, outlet {entire door)
ove, room {5'ht,)

WET BULB TEMPERATURE
{based on full moisture load)

3' W, ove. inlet
ove. outlet

$' A, ave. inlet
ove. outlet

6
.B.Ei”) I 1)
A 4

3

2

1

75 -~ 92F
40 - 80%
S & mph
hot

77 .8F
BAIF
83.2F

Figwe 54
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EFFECTIVE TEMPERATIRE
(based on full moisture load)

ave. outlet (3' ) 82.0F

ave. outlet (5' ht,) 82.8¢
RAIE OF AR FLOW

cfen/pecson 131

oir changey/hour 506
COMMENTS

18.4 tb/Mr humidity input
(neor fult load),
Equilibrium reached.

h’m\




SRR

2, 0N

ke
Al
LN

it would seem possible in looking of the results of Test #1210 reach o point

(K3

of simuloted occupancy which would not crecte o sufficient driving force -

togiv-eﬂ\enit chongemfemcwwyfaﬂumwﬁer&ocamhﬂn

test space. In Test h3 (Fig;ue 55) thg simulated occuponcy was decreased
to chout 75 persons mounﬁné-to 20 sq. ft. of floor space per gerson, It
was also decided to use more availoble wall and window space for con=
densation during this test. For this reason, the fop Floor doors of the dor=
mitory rooms were now opened, greatly increasing the avalloble window

areg.

As a result of the decrease in avolloble wall oreo ond reduction in oceu~

poncy, the air change rate was lowered slightly from the previous test but

L4

the rate of oir flow per simulated accupant was ogoin increased. .The

’ - 1
3.
. . .
2 “s T3 -
ol e .

'

effective temperoture was a rather low B1 F ot o 3 f1. height with roughly

R R R IR s
e @
ot e

-

s
N

the sama dry butb temparature in the test space. This would indicate that
the increase in avallable window areo ond inflitrotion arecs around the

e .

windows hod the desired effect of reducing the molsture in the air to better
groportions.
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; BUILDING NQ, 3 .
i TEST NO. 1T 3
8/7/62 (1200) - 8/8/62 (0800) o
. -]
75 OCCUPANTS - 20 SQ. FY, /PERSON <
- NW " SE e =
room d%ors open to corridors - this floor m.— ' | o
- ey
he sam—— o
i 4 q
- 3 l -
2 T NS
1 .
outlet {17,04q. f1.) L inlet (17.0sq. f.) -
. QUTSIDE CONDITIONS EFFECTIVE TEMPERATURE «:::
(boted on full moisture lood) )
elr temperature 64 - 88F W
relotive humidity 50 - 70% ave. outler (3'M ) 8V.0F b
wind W 7 mph ave, outlet (5'bt.) 82.0F ]
comments hot, humid
ORY BULS TEMPERATURE © RATE OF AR FLOW
ave, inlet (entite door) 78, cim/person B9
ove. outle) (entire door) 84.5F oir changey/hour 5.5
ave. room (S5' ht.) 83.5¢ T
WET BULB TEMPERATURE COMMENTS N
(based on full moisture lood)
14.7 1b/he humidity input N
3' M. ove. inle} 74 OF (full tood). '
ave . outlet 80.0F Equilibrive ceoched. =
$'ht. ove, inlet 74 .0F ' "
ove, cutlet 80.5F w
Figwee 55 -
- I
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#t wos shown in Tests 712 and #13 thot the opening of the dommitory room

doors hod o desircble effect on improving conditions in the test spoces.- In
Test 114 (Figure 56) the simulated occuponcy- was ogain roised h the maxi=
mum of 150, equivolent to 10 sq. ff. per person. Also, .'the stoir tower
doors to the top two floors were now opened and the dormitory coom doors
on each floor were opened. 1t was expected that the increased volume end
wall areo would help dissipate more heat and moisture aud in this manner
improve conditions in the test space to o tolercble point. However, this
did not pcovc‘ to be the case as the test had to be terminated before equi-
librium wos reoched because of excessive effective temperohwe in the
test space. The ambient outside conditions at the time of this test may
very well hove coused the poor results since the weather wos botond
bumid,
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BUILDING NO. 3
TEST NO. 14
8,/8/62 (1030) - 8/8/62 (2100)

150 OCCUPANTS - 10 5Q. FT. /PERSON

¢

6

room 'doors
3 1 ¢

open fo corridors = this tloor

4

toom doors open to corridors = this Hoor

3
2

R
!l -}!h

outlet (17.01q. ftr.)

OUTSIDE COMDITIONS

alr temparature
relotive humidity
wind

comments

DRY BULB TEMPERATURE

ave, inlet {(entire door)
ave, outlet {entire door}
ave. toom (5' ht.)

WET BULB TEMPERATLRE
(bosed on full moisture load)

3t ht, ove. inlet
ave. outlet

5 ht. ove, iniet
ove, outlet

inlet (17,0 sq. ft.)

EFFECTIVE TEMPERATURE
(based on full molsture boad)
ove, outlet (3' i) 84.0F
ove, outlet (5' ht.) 83,08
RATE OF AR FLOW ‘
alm/pecion 10t 12
olr chongey/tow dw?
COMMENTS
30 1b/hr moisture input

{neor full toad),
Equilibriva no) established.
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In Test 715 (Figure 57) the simuloted occupancy was changed to occount

for 100 people ir: an effort to see if the effect of decreasing occupancy
would imémve conditions, The situation was the some as in Test F14,
except for the lower occuponcy. The stair tower doors leading into the
top two floors were again open, as were the dormitory room doors on
both floors. This four day-test was the longést continuous test cenducted
in Building No. 3. The cir chonge rate was about the same ot hod been

“found in Test 112 under similar conditions of occupancy, about 5 alr
changes per hour, even though the windov? surface orea was fncrecied
greatly, This might be accounted for by the fact thot during this test
period the ambient outside conditiors were much different thon during
Test 12, The amblent conditions were cold ond domp with o kigh relative
tumlidity. More condenation would likely occur but the migrotion of
waisture t the outside from the Inside would likely be slower. 1t s alio
true that the rosults of Test $12 indicoted that for the given sensible ond
lotent lood, the test spoce conditions hod been more thon adequate, A
chonge for the better then, os in this tes?, would not be oo M.
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BUILDING NO. 3

TEST NO. 15

 8/9/62 (0830) -8/13/62 (1600)

100 OCCUPANTS - 15 'SQ. FT. /PERSON

6

room doors upen to corridors « this fl
[]

—Y
foom doors open to corridors ~ this floor

e

outlet (17.01q. f1.)

OUTSIDE CONDITIONS

ol tempuatslure
relative humidity
wind

comments

ORY BULB TEMPERATURE

ave, intet (entire dovr)
ave, outlet (entire doot)
ave. toom (5°ht.)

WEY BULS TEMPERATURE
(besed on fuit moisture lood)

3" . ove, inlet
ove. outlet

$' k1. ave, inled
ove. oullet

S smamE=L

inlet (17.0q. f1.)

EFFECTIVE TEMPERATLRE
(bosed on full moisture load)

ave, outlet (3' M) 81.0F
ove. outlet (5'N.) 8108

RATE OF AR FLOW

cim/peron
air ¢

COMMENTS

22 1b /e moisture input
{tuli toad).

Nevet ot equilibrive.
Room lempetotue dropplag;
oulside tampecatuce low.
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For Test F16 (Figure 58).the conditions wera returned o those of full oceu~

poncy or to sensitle ond lotent load of 150 people in a spcc'e averaging cbout

83 F dry bulb tempercture. These occupancy conditiois were the some o8

those of Test 711 in which the equilibrium cond:tions reached were considered

to be unsuitable for continued occupancy, and Test 'I4»wﬁere equilibrivm
conditions fiod not been reached. The addition of un open window on the
top Floor of the air flow circuit, along with the cddit!pnal window spoce
available for cooling and condansation were expected to create an Impfc;ve-

ment in conditions for this test.

The air change rate in.this test proved to be substantially the some oz hod -
been found in Test 711, 'votying between 7 and 9 air changes per hour. .
During this tast, however, the effoctive tempemtur; temainsd ot or below
83 F whereas previously the effective temperature had been near 85 F, The
only apparent reason for this improved condition was the opers wincow on the
top floor. The open window was located on the leeward end of the buiiding,
This did not create a path for wind to flow through the building os had been
done In some of the initicl tests. However, it did seem to provide adequate

means of dissipating excessive heat and moisture In the circulating ale,

The effects of many varicbles hava been quulitatively deduced from this
serles of tests, although no quantitative results can be formulated. The
qualitative results ore discussed in moze detoll in the Summary ond Con=

clusions of Chaptar 7,
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"BUILDING NO. 3

TEST NO. 16

8/13/62. (1700) - 8/14/62 (0830)

150 OCCUPANTS - 10 SQ. €T, /PERSON

. SE commeeatin

)

{

r;om.doors open fo corrid

[

outlet (17.0sq. ft.)

OQUTSIDE CONDITIONS

alr temperature
velative humidity
wind

comments

DRY BULB TEMPERATIRE

ave. Inlet (entire door)

ave. outlet (entire door)

ave. room (5 ht.)
WET BULB TEMPERATURE

3t ht, ave. inlet
ave. outlet

5the, ave. inlet
ove, outlet

60 - 70F

75 - 90%

$ 1-5 mph
mild, humid

e

inlst (17. Osq. ft. )
EFFECTIVE TEMPLRATURE
(based on full moisiure load)
ave. outlat (3' ht.)
~ave. outlet (5°'ht.)
RATE OF AR FLOW
clin/person
alr chenges/hour
COMMENTS
28 |b/hr molsture input

{somewhot less than full loed).
Equilibrium established.
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One odditional test, Test 117 (Figure 59), wos made ot this time. In this
Est, an ottempt wos made fo osceﬂain-the conditions in o "side room” under
simulated conditions similar to thase of Test 716 except that no deliberate

. apenings oppe;:red in the air flow circuit. The location and configuration

of the “side room" in relation to the moin test spuce is shown on the Bose-‘ ‘

ment piaa (Figure 42).

Interest was expressed as to what conditions would exi;t if “side rooms”
were opened inte the main bosement test space. These "side room® spaces
could not be expected to exhibit the-air change sate found in the main test
space, primarily becouse they would not have separate inlet and outlet.

| The fact that there is only ona opening to the “side voom™ meoans that alr
moveinent in and out of the roor would have to toke place through the some
opening. Since this is the case, the water vapor method of determining the
alr change rate becones mcﬁca"y.imtblc in the "side room" itsolf,
Therefore, the tracer gas decay method of determining air change rate wos
usad in the “side room® and the air change rcte did not exceed the limils of

3

capability of the method.

The main test space wes considered to contain 150 peopie or 10 sq. ft. per
purson, und In the specified “side room* 50 psople or 20 3q. f!. par person
were simulatad. The ratio of semsible to latent heat was not to be dGlfferent
in the spaces, oi the “side room™ wus expected to reach a8 high @ temperoture

as that in the maln test space.
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BUILDING NO. 3
TEST NO. 17
8/17/62 (1000) - 8/17/62 (2000)

MAIN SPACE 150 OCCUPANTS - 10 SQ, FT, /PERSON
“SIDE_ ROOM"”_50 OCCUPANTS - 20 SQ. FT, /PERSON

.Dota below based on both spaces being occupied

H ‘
6

“SIDE ROOM " ~ |

relative location

ity e TR
wps el
. u b&;“,n :" HY "l!lll;
outlet (17.01q. ft.) inlet (17.0sq. ft.)

OUTSIDE CONDITIONS EFFECTIVE TEMPERATURE
. (based-on full moisture load)
olr temperature 68 - 75F
relative humiuity 45 - 50% ave. outlet (3* ht.) 82.0F
wind SW 4-8 mph ave. outlet (5' ht.) 82.5F
comments clear, coo! ove. “side room* (5° ht.) 81.5¢F

DRY BULB TEMPERATURE RATE OF AIR FLOW (both spoces)

ave. inlet (entire door) . cfm/person (200 occ.) 8110
ave. outlet (entire door) . oic chonges/hw, * 6108
ove, room {5'h.) .
RATE OF AIR FLOW (“side room* only)
WET BULB YEMPERATURE '
f 50 occ. B?
(based on full moisture load) it i oaa S

3' e, ave. inlet COMMENTS
ave. outlet
5' e, ave. inlet ‘ All data pertaing to main test space,
ove, outlet unless otherwise noted,
44+ fb/he humidity input (full lood «
both spaces).
Equilitirium reached.
Condensation on “side room* woil.

Figure 59
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It wos anticipated that the water vepor method of determining cir change

rate could be used in the total basement space, giving at least an average
air change rate Sor the two combined spaces. it wasfound. howeves, that
same condensation on the cold exterior wall in the “side room" took place
theoughout the testing. The amount of condensation did not seem to be ‘
enoug}.\ to radically change the calculoted air change rate, although that
rate would no doubt be lower hod no condensation taken place. The col~
culated air change rate wos between é and 8 air changes per hour in ﬂl .
two combined spaces. Due to the condensotion, these could probably be

more accurately placed between 5 and 8 oir changes per hour.

The rasults of the tracer gos decay methad, utilizing the N,B.S, Portchle

Infilteation Meter, indicated an alr change rate in the “side room™ which

was highee than had been anticipated and wos on the bordertine of the runge
of relicbility of the instrumant. With o double door epeninﬁ of 34.8 5. 1,
into the "side room™ un vir changs rote of 3 olr changes per hour wos fow;d.
Later, with a single door apening of 17,4 3q. fr, inte the side room®™ an alr
change rote of 2.5 vlr chonges per hour wos sbtained, .

The temperoture in both maln test 1poce ond “side room™ rose ohovc BOF,
but the average effective temperature in the maln test space wos never
obove 82 F ond the effective temperatuce in the “side reom™ did not reach

evert this point. This is in line with the results in the previous test.
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One fact that must not be ignored is that the “side room™ opening wos neor
the inlet to the main test space, ond as a result, the air flowing posf.fho
doos into the “side m" wos the cool inlet air. . There is no doubt that
this situation helped to hold the "side room* temperature and h.;midity .

ta comfartoble conditions, os well os to improve the air change mfc: in the
room. Hod the "side room* been off the warm or outlet end of the main
test space, the air that would be changing would olrecdy be hot and humid.
Then, the temperature in the “side room* would necessarily hove risen
cbove the temperature in the main test space. The air change rate would
probably have been lower, and this also would have tended to increase the

“side room* temperature. The “side room® effective temperature, under

these conditions, may have approoched the maximum timit or surpossed ﬁ.

A summary of pertinent test dato for Building No. 3 is shown in Table 7.

"The various air flow circult configurations employed in the tests ore oo
~ presented (Figure 60),




ean Pty _ v
a5 s o) f AN & ): o ®.
[
; - NW . -QE - .- . i__.
' &%' ~ 1 L - TEST NO. ! %
1 = _ Windows at base of SE stair tower open. ‘ -
{ - Windows at top of NW stair tower open. N
[?I N p— Vol. ratio — test space to circulation spoce = 0.95. e ¥
i HEHE | Inlet openmg 17.0 sq. ft. . -
et O inlet Outlet opening - 17.03q. &, - I
~—NW SE— - N
3 . )
= -
23 7 TEST NO., 4 ' .|
Deliberate openings ot top of both stair towers. T
[ Mechanical ventilation system operating. .
- Vol. ratio — test space to circulation space = 0.95. -
! “Inlet* opening 17.0sq. ft. o
“outlet* “'nlet" “Outlet* opening 17.0sq. 1. »
-—NW SE—
— TEST NO. -6
I ‘ No deliberate openings except basemert doors fo -
r- stair towers. -
| ' | Vol. ratio — test space to clrculohon space = 0,95, ;
, “Inlet* opening 17.0sq. ft. . g
.OUHC" “h\lﬂ'. “ou“"“ mﬂ‘ﬂc l?co qo ﬁo s
5\
~—NW SE—= N
" .  i— »
E o S § R TEST NO. 7 o
N R [ Stale tower closures above second story, :
) - . Stair tower doors open on second story.
N T - , Vol, ratio == test space to circulotion space = 0.460.
o O ] tbﬂllillllllllﬂﬂ Inlet opening 17.01q. ft. .
T outlet inlet Outlet opening 17.03q. R, K
»
kE & gﬂ - NW SE —e- |
N fl_" ; = F-Eq _—I i TEST NO. ¢ .
3 t : : Stalr tower closures cbove tecond story. S
o -+ Y Stair tower doors open on tecond story. P
2 SO ¢ r)) Vol. ratlo — test spoce to circulotion spoce « 0.60.  ° .
o oe 4 1 X D IR, Inlet opening 17.01q. ft. i
outlet “ inlet Outlet opening 17.03q. f1. - -
S . COMPARISON OF AIR_FLOW CRCUIT CONFIGURATIONS - BUILDING NO. 3 '
\ . _‘ Figuwe 60
A ——————— . 1 - S e
.:;“:"‘: “. 4.: . : B \ N .' ‘-' " ‘\:’. X




_Table 7

TEST SUMMARY BUILDING NO. 3

TEST NO.

6

7

Duration of test
Simuloted occupancy
Floor area per person

68 hes. -
150
10sq. ft.

Outside conditions
air temperature
relative humidity

* wind direction
wind speed
comments

Sw

cloudy,

60-81F
30-80%
S

3-5 mph
warm,
sunny

Dry bulb temperature
ave. inlet
ave. outlet
ave. room

Wet bulb temperature
ave. inlet (3"
ave. outlet (3')
ave. inlet (5"
ave. outlet {5')

Eifective temperature
ave. outlet (3')
ove. outlet (5')

Ate flow
cfm/perion

ot changes/hour

Comments

Ropid.

Deliberote
openingi.
*No occu~
ponts,

Rﬂp‘d .

Delibarote

openings.
*No occu=

ponts.

77 .OF
79.0F
83.6F

62.5F
76.0F
64,5¥F
82.0F

76.0F sat.
82;0; sab,

2
Trol.$

Token
moisture
load.
Equilibeium
reoched.

S5to7
o4

Token
molsture
lood.

Equilibrium
teached,

83.0F
84.5F

8
4505

Portial
molsture
load.
Equilibeium
reached,

Water vapor method for determining air change rates used in oll tests except Test 7.
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| - — TEST NC. 10 S
. -t Stair tower closures above second story. R R
— Stair tower doors open on second story. 3 SR
Vol. ratioc — test space to circulation space = 0.60. *
Inlet opening 17.0 sq. ft. e
Outlet opening 17.0sq. 1. . o
! .'::-.:'
~—NW SE—»- , l
F{ q ‘-ﬁTf . .‘
. | A= c;h TEST NO. U1
:‘1 : - 4 Stair tower doors open on fifth story. _—
F . ; Vol, ratio — ‘test space to circulation space = 0.45. e
7 = b g 1 1 , ™ - }“ ‘nle' omning ‘7¢° ‘q. ﬂ‘ -
M ) 5 Outlet opening 17.0 sq. ft. .
- cutlet . inlet
r -
" ;q ’ .
Y i 1 vl
BX g i 8 TEST NO, 12 -
. [ s N Stair tower doors apen on fifth story, $
' { e Vol, ratic = test spoce to circulation spoce = 0.45. ‘
b . Inlet opening 17.03q. ft. .
— \J + G - . L
- & ~" RN . Outlet cpening 17.0 sq. ft.
N ovtlet inlet e
% o
:ﬂ -—NW SE —o- o
‘\* &
] _ F:q e —p——yo .
‘:‘»« R L o TEST No. 13 ‘::
) R -4 Stoir tower doors open on fifth story. e
] & * * Room doors on fifth story open to corridons.
xR S o I -l Vol. rotio — test spoce to circulation spoce = 0,20, ' o
X 3 IR R0 LA TR Inlet opening 17.01sq. . -
o ovtlet v inlet Outlet opening 17,0 3q. . . o
" ; "
- COMPARISON OF AIR FLOW CRRCUIT CONFIGURATIONS - BUILDING NO, 3 X
N Figure 60 (Cont.)
:12 - ——— e e !. :;"‘
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. Yoble 7 (Cont.)
TEST SUMMARY BUILDING NO. 3 ¢
TEST NQ. \a n 12 13
Duration of test 13 hes. 30 hrs. 8 hrs, 20 hrs.
Simulated occupancy 150 150 100 - 75
Floor area per person 10 sq. ft. 10 3q. ft. 15sq. ft. 20 3q. ft,
Outside conditions -
oir temperature 68-80F 67-80F 72-92F 64-86F
relative humidity 30~46% 40-74% 40-80% 50-70%
wind direction NwW S S w
wind speed 3 mph 2-5 mph 6 mph 7 mph
comments clear, hot clear, hot hot, humid
Dry bulb temperature ’
ave. inlet .%¥ 77.7F 77.% 78.4F
ave. ouvtlet 86.4F 86.4F 84.1F 84.5F
ave. room 84.6F 84.5F 83.¥ 83.5F
Wet bulb temperature :
ove. inlet (3" 77.5¢ 74.0F 74.0F . 74.0F
ave. outlet {3') 83.0F 81.0F 80.0F 80,0F
ave. inlet (5') 78.0F 74.0F 74.2F 74.0F
ove. outlet (5') 84.0F 83.0F 82.0F 80,5
Effective temperature
ave. outlet (39 84.0F 83.0F 82,0F 81.0F -
ave. outlet (5') 84.5F 84.5F 82.0F 82.0F
Air flow
chm/person 10t0 12 12t0 15 1310 15 181019
olr changes/houe bt07 709 S5toé 5.5
Commnents Full mols- Full mola= Full mols=- Full mols-
ture foad. ture lood. ture load, turs lond,
Equilibrium Equilibrium | Equilibrium Equilibeium
nat reached. reached. reached. recched,
)
Woater vapor method for determining oir chonge rates used In all tests except Tost F17,
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TEST NO. 4 .
Stair tower doors open on fourth ond fifth stories.
- Room doors on fourth and fifth stories open to
corridors.
Vol. ratio — test space to circulation space = 0.10.
Inlet opening 17.0 sq. ft.
Outlet opening 17.0sq. .

TEST NO, 15

Stair tower doors open on fourth and fifth stortes.

Room doors on fourth and fifth stories open to
Cﬂfi&uo

Vol. ratlc ~ test space to circulation space = 0.10.

Inlet opening 17.0sq. ft.

Qutlet opening 17.03q. fi.

TEST NO, 14

Stair tower doors open on fourth and fifth sterles.

Room doors on fourth ond fifth stories open to -
corridors.

Ore window open on fourth story ot NW end.

Vol. ratio — test space to clrculation space = 0.10.

Inlet opening 17.0sq. f2.

Outlet opening 17.01q. ft,

TESY NO. 17
Building configuration same as in Test 15 with the
addition of o “side room" in the citcult,
Vol. rotio == “side room* to main test space = 0.70,
“Side room™ opening 17.43q. ft. — single door.
34.81q. ft. ~ double doors.

COMPARISON OF AIR FLOW CRCUIT CONFIGURATIONS « BUILDING NO. 3

Figure 60 (Cont.)
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"~ TEST SUMMARY BUILDING NO. 3

-r

TEST NQ. 16 17

Duration of test hes: 16 hrs. 10 hes.
Simuloted accupancy - 150 150+50*
Floor arec per person . 10 sq. ft. 10+20%q.ft.

Outside conditions
air temperafure : 60-70F 68-75¢
relative humidity 75-90% 45-50%
wind direction S sw
wind speed ' c 1-5 mph 4-8 mph
comments i mild, humid clear, cool

Dry bulb temperature
ave. inlet
ave. outlet
ave. room

Wet bulh temperature
ave. inlet (3') 75.0F
ave. outler (3°) . 80.5F
ave. inlet (5% 75.0F
ave. outlet {§°) 0 81.0F

Effectiva temperature
ove, outlet (3') 82.0F
ave. outlet (5") 82.5¢
ave, “side room* (5') 81.5p*

Alr flow . _
cfm/penon 1040 12 121015 8t 9*

oir chunges/howe bdto? 5 7109 2,513

Commenty Full mols~ Full mols= Foll mols= Full moig~
ture lood. ture load, twre lood, ture lood,
Equitibrivm Equifibrivm Equilibrium Equilibrium
not reoched. | not reoched, | reoched. reoched.

« ® o v
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Water vopor method for determining ait change rates used in ol tests except Test # 17..

-

o) TR

. . o - W . " AT TR A TR AT WAL R R
AR \,‘... \.gé.». .t At A . RN AR AT q-"w‘-" 1*
\\ “u NS t"l‘ * '. \A 10 R R TR I Y, ¥ " B\ 2 e ot S e
.

W e o W



CHAPTER 6
EXPERIMENTAL VENTILATION FACILITY :
PURPOSE_OF FACILITY s
One of the main objectives of this research project was the developmens of ; ..,._
a relicble mefhod for measuring the rote of natural ventilation in shelter | b ’
spaces. Because of the difficulty encountered in 'es’i;vg the reliability of : |
vorious t;\ethods under uqcontrollcd conditions in potential shelter spaces, ‘ﬂ
o temporary facility was constructed In an existing research building for “
this pwp:.:m. Tl\; fcciilty was to be used os o meons of checking different
equipment and methods under varicus known conditions of ale change rate,
temperature, and humidity in the test chamber, The control of these con> - :‘"
ditions could be assured onty with tha use of a fucility designed for this ‘
. . e
: DESCRIPTION OF FACILITY | =7
- Space in which 16 erect o test focility was obloined in o newly developed
‘ ; reseorch center, The butler frome bullding (Figure 61) tos tectum roof :;‘*
y decking and continuous windows run from o 4 1. height to the top of the ~
L B 10'-8" high brick wall. Interior pottitions eight feet high are the movoble
:f \ metc| type with plywood panels. All necessary mechonicol ond electricol
} ‘ . focilities cre within easy accass. -..
: : The portition between two 30 x 30° roont was removed to provide a tpoce :
appronimately 30' x 80'. The entire spoce was sealed from odjocent tsome ,2‘
:; 17
g i e SN Y “Q"{-.‘,-I-‘.‘,S’.’-‘ R R OO NS A e e e :::
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as tightly o possible without taping. Plywood panels were installed above

the portitions to accomplish this clesure.

A plon, section, and exterior view of the test chamber which was constructed

- within the 30' x 60" space are illustrated (Figurés 62, 63, ond 64). The
chamber wes designed to satisfy-several criteria. Since air chanée rotes |
hod fo be determined os accurately os possible, the-test chamber was com=
pletely sealed with caulking and tape. To prevent the introduced moisture
from escaping, stud woils and wood joist ceiling were.covered inside with .
foil-backed gypsum board with the foil facing inward. To reduce the effects
of solor rodiation through the windows in the building wall, g foil-bocked
gypsum boord was also installed on the outside of the studs with foil facing
south. These panels are visible in the exterior photo of the building

(Figure 61).

The opproximate size of the tast chamber was 20' x 40' % 8'. Water s.upp|yo

power supply, illumination, and drainage facilities were provided within

the space. Lomps outside the test chamber which were not absolutely
necessory for illumination were dismantled to reduce extranieous heat loods.

One door was provided at each end of the facility.

The inlet orea to the test chamber (Figure 84) was o one square foot clear
areo cut in the inlet door. This small atea provided the means for obtain=
ing a very occurate indication of inlet air wet and dry bulb temperatures.

These were measured with a portoble, automatic psychrometer describad in
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: Chopter Z. The cir wos moved through the test chamber by means of a 500 \

: - cfm centrifugal exhaust blower, which could be modulated to provide a range . *

; of cit flow. The outlet conditions were measured at the entrance to the ex- .

; houst blower. The cir wos exhausted from the test chamber to the atmosphers A

\ thwough an 8" diameter galvonized pipe, which extended through the chamber . "‘“

‘ } woll to the exterior of the building. The exhaust blower along with other \ '

] equipment located ‘m;thin the test chamber is illustrated in an interior view ‘f'.__

TEST RESULTS

' Toble 8 shows the results of a series of tests which were conducted in the

: test chomber for comparizon of water vapor and tracer gas decay methods of :"'

determining alr change rates. Helium was the tracer gos used in conjunction .

‘ with tha Portable infiltration Meter descritad in Chapter 2, ’

:

No attempt was mada to simulate o specific number of occupants in the test o
A chamber by supplying o certain ratio of sensible to latent heat. Therefore,
o effective temperatures hove been tobuloted, The exhoust blower pro~
3 vided control of the air chunge rate which was kep? constont during each test, _»

The oir change rotes indicuted by the woter vopor method ond tracer gas de~
J ~ coy method are tobuloted for comporison to this known rote. Space conditions
B _ ? were ollowed to stabilize duting o 12 to 24 hour periad prior to testing. “
" The tracer gas decay method appeors to give o foir degree of accuracy for oie . v
:.::t change rotes oi or below 3 air chonges pei hour. For higher rotes, however,
. the rewlts ore less relicble. ~
: "
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it was noted _du‘gipg_ this series of tests that the dependability of the tracer .

gos décoy method is not limited only by the oir change rate. Relicbie

Ly e e g e ¥ AT PR ATy

sensing devices placed of different loeations in the spoce ofterindicote -
very different cir change rates. It is difficult to determine where these
sensing devices should be placed to give an averoge air change rote
through the space. Sensing devices in some locations will indicate very
high air change rates while in other locations low mm will be observed.
The problem then is to determine what the average air change rate is.

Thus, the tracer gas decay method is good for deiermin%ng oir chanée rates
of low magnitude only in the immediate vicinity of the sensing device and '
cannot be used to determine average oir change rates iri o Io:9§ space with=

out corsiderable difficulty.

The water vapor method seems to be relicble for t; large range of alr
change rates and for different rates of moisture input to the space. Since
inlet ond outlet conditions are measured outomotically throughout the
testing period, the woter vopor merhod gives a continuows record of air
change rates throughout the test period, ond is not restricted, os are tracer
gos decoy methods, to one or two checks per doy. Also, the tracer gas
decay methad requires continuous attendance of personnel fomilior with the

instruments being used, but the woter vapor method places little odditional

work lood on the pori of resedrch personnel. However, in order to obtain

useful test cesults in o potentiol shelter spoce using the water vopor method,

the full molsture lood equol to that which would actually be emitiec by the

N
P - . . - P et At - - ‘Q - L * > . "
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shelter occupants must be added to the space.

Next to possible moisture condensation on cold surfaces, the greatest con-
cern with the water vapor method is the possible migration of ;:voter vu;x;r
inta or out of the walls, furnishings ond other surfaces which would give an -
untrue record of the air change rate. However, by exercising sufficient
care in testing, and by using records obtained only when an equifibrium
state has been reached, the results will be as good as any. that are obtained

by other methods. In future testing it would seem wise to pre~condition the

surfaces so that water vapor migration would be minimized. Under this con=

dition, the water vapor method would be the best clioice of all presently

known methods which could be used.

Another instrument utilizing the trocer gos decay method was tested, with
Freon 12 o3 the tracer, The Westinghouse Electronegative Gas Detector
described in Chapter 2 was availuble for testing in the test chamber for @
short period of time, during which favorable results were obtained. However,
it was not checked under different conditions of humidity, temperature, and
ale flow becouse of time limitations. Therefore, its adaptability to the
desired use is not definitaly known. From the limited amount of operotion In
the test chamber, this device seems to have good possibilities. It s easy to
operate, and is considered quite stable. However, before it con be
tecommended for the intended purpose of this research project, it should

be more thoroughly checked.
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~-CHAPTER 7.

SUMMARY AND CONCLUSIONS °

INSTRUMENTATION

" An important objective of this research project wes to develop relidﬂo‘

techniques for measuring the natural flow of qir in shelter spaces. The

_ following are summary statements regarding the applicability of the

various methods investigated.

1. Leok detectors, such os the General Electric Type H-1, designed
for detecting leaks In refrigsration equipment; are not recommended

for measuring alr change rates in building spoces.

2.  The N.8,S. Portable Infiltration Meter, using helium os the trocer
gos, would be satisfactory for dutermining the alr chonge rate ina
building space under certaln limiting conditions. Thete conditions
ore: {a) a farlly constant temperature and relative twmidity; &)
good mixing of the building space air with very littls turbulence; ond
{c) o constant air change rate which is within the limits of the tracer
gas decay method and equipment cupability {opproximately 3 alr

changes per hour moximum),

3. The Westinghouse Electronegotive Gas Detector would be sotisfoctory
for determining the air change vote in o building spoce under certaln

limiting conditions. These conditions ore: (o) thorough mixing of the
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air ond the tracer gos in the space; (&) provisicn of @ method of

stondardization; ond {c) a comstont oir change rate which is within
the limits of the fracer gas decay method und equipment capability

{opproximately 3 to 4 aie changes per hour moximum).

The tracer gas decay technique, although extremely useful in this
work, is not really suited for measuring lofge quantities of air cire
culation because of the reasons mentioned in the preceeding state-_

ments,

Direct velocity measurements with a calibrated hot wire anemometer
could be used to determine oir change rotes in building spaces bosed
upon limited observations in this reseorch project. The onemometer
must be accurate over the range of velocities that could be expecied
in this type of study. Air flow must be unidirectional ;& all inlets

ond outlets of the space.

The water vapor method is the best of the methods used in this study
for determining it change rates in building spoces. 1t Is fairly
accurate tor a large range of ait chonge rotes provided o stote of
moisture stability exists in reference to the surfoces and matericls

within the space.

Comporison of oir change rotes deterrined by woter vopor snd tracer
g decay methods yielded corralatione on the order of 1.0 to 1.13

with the known oir change rotes when equilibrium conditions wers

150
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obtained in the fest chamber of the experimental ventilation focility.

.

" For air change rates higher than 3 per F;oUt, the tracer gus decay
method became less aceurate.

TEST PROCEDURE

The following test procedure wos developed os a result of the testing pro=

v

grams in this reseorch project.

Y.  The test space is tightly secled from odjacent spaces, using tope to
close all cracks, except where air is expecied to enter and leave ﬁu

$pace.

Heat and moisture producing equipment Is installed in the test space
to simulate occuponts. Sensing devices are locoted throughout the

space fo monitor increases In temperature and humidity.

After the temperature and humidity conditions approach cqull.%bc!ua.
the effactive température can be calculated. This volue will normally

'

bo maximum of the outlat,
The alr change rate can be calculated by any relivble mathod,

{f the effective temperature exceeds 85 F ot any point in the test
tpoce, or the air chonge rote produces lews than 3 clm per person, the
1pace conditions ore comidered substandard in occordonce with criterlo

for this project.
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If space conditions are substendard, an attempt should be modcto im~

prove them, This improvement might include changing the simulated

occupency ond/or changing the dir flow circoir.

The following conclusions and statements have been developed bosed upon -

TEST RESULTS

dato obtoinec‘l during the testing progroms. The conchaions ore comservotively -
stated since mony of the varicble foctors could not be stabilized over a

lengthy testing period. Efiective temperature has Leen corrected to full

moisture load conditions for those tests in which o reduced w:kne load wos

simulated.

1. Limited time ond the priority of other objectives inads it lupécﬁcal
to determine whot percentage of fresh outdoor air wos contained in
the olr circulcted through the test spoce. |

Thus far, thete hove been no assuronces Hot oxygen ond corbon &=
oxide content in the test spuces hove been kept under contvol.

There hos been no correlotion evident between outdoar and indoor

environmentol conditions.

Rorizontal clrculation by gravity tivough o test space of 1000 square
feet (10 square oot pot'perion) in the botement oreo of o building is
marginal for producing on odequate number of oir chonges per hour,

Alia, there is no ouuronce that the quolity of the circulating olr will
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be satisfactory for shelter occupancy. (Test #4, Building No.. 1)

Inodequate noturol air movement os demonstrated by an excessively
high effective temperature existed under conditions of 10 squara feet
per person in the basement test space of o 5 story building when thot
space was connected to stair towers which were closed both to l.be .
outside air and to all corridors in the building. (Test .'6; Building .
No. 3)

For o building with circulation limited to ona story plus basement ond
accupancy of 15 square feet per person, more than 3 cfm par peﬁm
oi¢ circulation by gravity ocsurred when the outlet openings were
approximately 0.5 squere feet par perton and located neor the top of |
the test space. However, effective temperature data was not

. relicble for this building configuration, - (Test #3, Building No. 2)

A barement test space with nppfoaimot;ﬂy 10 square foet per persen in
o sirwloted 2 story building peoduced en ait flow of opproximately 10
to 12 cfn por peson.  However, the effective tempercture approoched
85 F within o 12 howr perioc’.r ond equilibrivm hod aot been recched.
(Fest 110, Building No. 3 |

it 0 § siory building, ot o ceécciiy of 10 square feet per person in

Pt

Bl .,
s ¥ vy

the basement test spoce, alr flows of approximotely 10 10 12 ¢lm piv

«

s

person were cHained when stoir towers wevé closed to the outiide but

opened 1o the tup twa {hoors and oll interior doors of the dormitory

TOTLEE
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rooms on those floors were opened. However, an effective- temperature

>

of approximately 85 F was reached before equilibrium was established. . .

(Test #14, Building No, 3 _ .

In a5 story building, ot a capacity o 15 square feet per person in
the basement tesf space, air flows of approximately 12 fo 13 cfm per :
person were attained when stair towers were closed to the outside but
open to the top two floors and all interior doors of the dormitory
rooms on those floors were opened. The effective temperature was
81 F after 104 hours of testing; however, equifibrium had not been
reached due to continually changing exterual conditions. (Test 15,

Building No. 3) . : k

'y

In a test space, with approximately 10 square feet per person in the

basement of a 5 story building, air flows of 12 to 15 ¢fm per person

% s e e 4 e =

were recorded. Intericr doors to the stair towers were kept cpen ot
bottom ond top levels. Effective tempcratures were approximately

85 F and equitibrium had been reached. (Test ¥11, Building No. 3)

in o test space, with opproximately 15 square feet per person In the
basement of a 5 story building, ir flows of 13 to 15 cim per Derson
were recorded. Interior doors to the stair towars were kept open at )
bottom and top levels, “Effective tempearatures were below 85 F ond . |

equilibrium had been reached, (Test #12, Building No. 3)
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In a test space, with approximately 20 square feet per person in the -

Tt S

basement of a 5 story building, air flows of 18-to 19 cfm per person

were recorded. Stair towers were closed to the outside but-open to

the top flocr and all interior doors of the dormitory rooms on-that
floor were opered. Effective temperoturés were below 85 F and-

equilibrium had been reached. (Test #13, Building No. 3)

In a test space, with opproximately 10 square feet per person in the
basement of ¢ 5 story building, air flows of 12 to 15 cfm per perion
v_ver; tecorded. Stair towers were closed to the outside but open to
the top two floors and afl interior doors of dormitory rooms on thase
floors were opened. Also, o single window wos cpen neor the top
.of the leeward side of the building, Effective .temperu?u&s were

below 85 F ardl equilibrium hod been reached. (Test 114, Building
No. 3)

With conditions similar to those dascribed in 13 above, ond an
odditioncl simulated occupency of 50 (20 sq. ft./person) In o “iide
coom™ with o single entrance, oir flows of 3 1o ? ¢im per person were
recordad in the “side room.* The avercge effective temperature In

both spores was below 85 F. (Yust 117, Building No. 3)

The wark done thus for'shows that undir fovorable conditions, base=

ment 1poces con be odequotely ventilsted by grovity alone
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16.  The results summarized above should be very usefut as interim meﬁsures.

. The work to date hos provided o valuchle insight into the phenomena
and reliabls measurement of natural air flow and the potential appli~
cation for use in the identification-of spaces nut otherwise recognized

os usuchle shelter. In addition, keowledge of potential natural von=

tilotion greatly enhonces the use of mechanically ventilated spaces in

the event of power failure.

Much additional work needs to be done to develop generalized and relicble
criteria for the use of m'.uml ventilation in accupied skelter spaces in new

and existing buildings. A suggested program, Recommandations {or Furihei

Study, is included in Appendix A.
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“APPENDIX A

RECOMMENDATIONS FOR FURTHER STUDY . ' ;h

A suggested progrom contains fen sub~tasks as follows: 7 ) ‘ B

= . u | s . T _ " PAGE g
. Pl Outside fnfilfvation Meossrements , A-2
. P2 Building “yping" for Notuwol Venllotion Potential - A~k
i: u - P-3 Reliable Measurement of Ndmul Ventilotion =ev—mwe-e A= | :
,j; | P-4 Natural Ventilation in Comportmented Spaces =-vwe—-—=  A=7 \
| P-5  Msthods for Enhancing National Ventilation in Shelters - A-8
“ - f _' ; ‘ ' p-6 Simple Mechonical Systems for Increasing Ventilotion '
i ’ Rates in Naotural Ventilated Shelter Spaces wm=vmmcwuace A9 =
- o P-7 Naturol Venttlotion in Upper Stories of Toll Buildings =~ A-10
:" w : P-8 Natural Ve&flaﬁon in Low Buildings : A-11-
o 2 _“}" _ ! P9 Veriation of Comfort Conditions and St ytﬂgoncu of ' | f
- . Temperature Grodient upon Optimum Utilization of o
R - | . : Space in Shelters Ventiloted by Noturol Mesis ==reemes  A=2 T
~ ~ , p-10 Ust: of Models in Evaluatiog Naturol Ventilotion of |
: Sholten A-14 a
=5 | ]
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: TASK P-1 OUTSIDE INFILTRATION MEASUREMENTS -
; e
: BACKGROUND ;
The use of notural circulation within o building to ventilate o shelter space '
’ depends on natural disslécﬁbn of heat, humidity, carbon dioxide and - ;
i - other products of living perions. The dissipation of these products from the o - ;
building to the wecther depends on a number of related foctors. The factor .
to be studied specificolly under this progrom is the tightness of the buildmg _
walls and the magnitude of weather air infiltration. ;
_ )
OBJECTIVE ,
The objective of this task is to measure the air infiltration rate Into a ]
building space, to determine the dilution effect, and to evaluate this dota :
in terms of the number of people thot con be supported in o basement )
shelter space. The net volume of weuther vir entering the building must !
be squal to or greater thon the vol@m of fresh ole required in the shelter. i :
Bock flows ot well as infiltration must be determined before net volume of |
freth oir con be ascertained. : .
s N PROCEDURE d
é ’ 1, Secure access to ond operationol contral of o multl -story building .
* ] - . havirg on intetaol volume of ot least 250,000 cu. #. or o ratio of
o § 1000 cu. £, pae person sheltered. i i
N
e S 2. Close the building doon and windows and secure oll mechonical fons. ;
‘ g -:j' 3. Open all intarior doors and interno! posages.
o ;
:'_th‘ I . e . \
- |
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Instrument the building for determining the infiltration rate byo

tracer gas decay method. This will require qt least one sensing

device an each floar.- ‘

[n WOV,

Compute the infiltration rate for each floor and total the infil-

tration for the building.

Compare this total with the fresh air requirements for the test

space.
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TASK P-2 BUILDING *TYPING* FOR NATURAL VENTHILATION

BACKGROUND

Observations made during this research project indicate that natural ven~

tilation of shelter spaces is possible under certoin conditions. Some of

the factors which influence notural air flow include the fypo: of building:
from several aspects: (1) the “inﬁltratic;n“ choracteristics of the building
and (2) the "engineered alr flow pottern® which exists (coincidentally)
because of nor;nol arrangements of vertical ducts, stairs, elevators, and
corridors. With the odveat of air conditioning in the 1930's, modem
buildings cre being built wiﬁm;t natural ventilation flow paths o3 a de-
liberate design of the building. " If buildings ore of appropriate type and

| coincidentally have on "engineered air flow pattern® their use for natural
ventilated shelter is enhonced. Inasmuch as the infiltration choracteristics
ond oir flow paths are two important requirements for natural ventilation,

it Is desiroble to establish o general “typing" of buildings for this purpose.

OBJECTIVES
1. Extablish general criterio for potential naturally ventiloted shelter
systems in buildings.

2. Evolve o building “typing" system for use with natural ventilotion

critetio to quickly identify buildings having potentiol naturclly

ventiloted shelter spoces.
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5 e PROCEDURE - L :

4 ' i \
&g: . s l 1. Anclyze experimental data from natural ventilation mecsurement -
' %%?i , project to further evoluate those characteristics of o building which
5 : enhance nctural oir flow potterns. . '
2. Conduct cdd.iﬁonol limited venﬁ.‘l;:ﬁon studies where necessary and :"

o feasible. "

3. Evoluate mognitude in infiltration of typicol buildings on bosis of

. construction type, window and door types, walls, etc. - | o

4.  Explore and ottempt to devise or adopt o building *typing® system “

useful for identification of order of magnitude of infliteation.

(e.g. asystem as used in Boeckh’'s Monual of Appraisals may be o _
S possible approach) *
’ S.  Explore ond attempt to devise or adopt a building “typing® system
‘ for natural ventilation ax related to verticol ducts, stolns, corcidors, u
. ete, | P
6. Explore computer "plan reading® ond criterio progrom possibilities to ;

improve the usefolness and stondardization of a building “typing"

system. ' k
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TASK P-3 RELIABLE MEASUREMENT OF NATURAL VENTILATION

o e et A8 e N AR s by

. BACKGROUND

Air change measurements which have been ;:onswered in various degrees
of thoroughness have been subject fo charocteristics which tend to affect
their accuracy. Humidity Is notorious for its offect on electronic equip- -
ment. Some instruments are sensitive to variations in the moisture content .
of the air being tampled. Some instruments are limited in the distance
between sensing devices and measyring equlpment.. Some techni_qﬁes are

- tedious and time consuming where an instantaneous answer is desired.

OBJECTIVE . .
It is desired to develop an Instrument which con be operated simply and : J
with good reliability in a progrem which moves from building to building.
Tracer gas decoy methods hove considergble pmn‘\lu ond it is In this creo
that much of the effort will be directed, ]

MROCEDURE
1. Tha severol methods which have been utilized in ventilotion studles

. and any others that may have been developed recantly will be studied
for csels ond limitations, including direct velocity measurement.

2.  Selection of o method will be based on ity promise to ochieve the

N o desired results, e!le.c ptotmed modifications,

The modified system will be demonsiroted under extremes of expoture.

i
w
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TASK P-4 NATURAL VENTILATION IN COMPARTMENTED SPACES

-

BACKGROUND
On the basis of experimental work in the measyrement of naturol ventilation
(Contract OCD-0Q5-62-64), dato 3n;iicnies that significant oir flow con
occur in compartmented spaces (¢.e. “side rooms, ® adjacent Yo main air
flow pattern). {f on entire basement space is used for shelter purposes,

flow of air in compartmented spaces becomes a matter of concern. in order

to further analyze the “compartmentation problem, ™ it is desirdalq to con-

duct o series of experiments in buildings having basement areas with com~

w‘mﬂ"o

OBJECTIVE
1. To detemmine the notural ventilation in typicol basement shelter spaces
hoving compartments not in the line of direct civ flow ("side ruoms*),

PROCEDURE

1. In the expecimentol test chamber and in specific bosement test spoces,
vory oir flow ond heat source configurotions to datermine foctors i
fluencing oir flow potterns.
Esroblish "theoretical moximum occupancy® for typical "side roonu®
located odjocent to principal oir flow path,
Estoblish generol guidelines to aid in predicting flow through typicol

basement spoces having “side rooms™ of vorying size and arrongement.
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i TASK P-5 METHODS FCR ENCHANCINé NATURAL VENTiLAT!ON '
: IN SHELTERS
! o
| BACKGROUND |
Observotions made during thi. research project indicate that natural ven~ :
i tiiation in shelter spaces can ke eahanced by means of specific “deliberate _
; openings® to the atmosphere. It is desiroble to establish general guic}elims F -
. for determining the influence of various "deliberate openings" considering \
; air flow path in building, direction of prevailing winds, height of buildings, n .
‘ and orea and locotion of openings. ,

OBJECTIVE -
Estoblish general guidelines for determining the influence of “daliberate Cl
openings* on noturol ventilation under various environmentol conditions. . ; 1
PROCEDURE )
1. Under various environmental conditions evoluate experimentally the :
influence of the following foctors upon notural ventilation,
a.  Supplementary heot sources in outlet stacks x
b.  Arco and location of “delibercte openings® g
c. Direction and velocity of wind N
d.  Height of bulldings .i
e.  Air flow poths ie. building | .
2.  Anolyze experimentol doto in order 1o develop gencrol guidelines for -

enhoncing oir flow theough “deliberate openings. ' .
3. Review typical building types to determing validity of usefulness
of the “deliberate opening” ¢onccpt; “
A-8 -
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TASK P-6 SIMPLE MECHANICAL SYSTEMS FOR INCREASING VEN-
TILATION RATES IN NATURALLY VENTILATED SHELTER
SPACES

BACKGROUND

During periods of minimum olr circulation through shelter spaces, it may be

necessary to supplement the natural air flow with mechanical air flow by

means of o manually driven blower. The blower needs to be amranged so

that severnl persons can provide the drive enaigy o move sufficient air to

ventilate o space sheltering 50 or more persons,

OBJECTIVE

A high volume low static pressuro fon or hlower is to be designed and cone

. strucied fo operote with one of two persoanat.

PROCEDURE
1.  Investigote information on fors and blowen to determine the com-

bination which will yleld the desived flow.
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TASK P-7 NATURAL VENTILATION IN UPPER STCRIES OF TALL
BUILDINGS -
BACKGROUND
Observations made during this research project indicale that naturs! ven-
tilation of shelter spaces in brsements is volid undes certain conditions,
There are many cases where spaces in upper stories of toll buildings might
be occupied for she"lter reasons; hence, it is do “rohle to determine if
notural ventilation for shelter in upper stories of tell buildings is possible

and fewsible under various-closure conditions.

OBJECTIVE

Determine the feosibility of the use of natutal ventilation in sheller spaces

in upper stories of tall buildingt. ’
PROCEOURE ,
Y. Using typical full scale bulldings, determine air chonge rotes in test 'f;
spaces i upper stories of talt buildings.
2. Detamine woys to enhance the natwol flow of oir theough test spoces
in upper stories of tall Luildings.
3. Determine influence of botement occupancy upon naturol oir flow in
tust spoces in tall buildings.
4.  Develop guidelines to aid in the selection of potentiol upper story
shelter spoces. N
A-10
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TASK P-8 NATURAL VENTILATION IN LOW BUILDINGS 0
' BACKGROUND
‘ Observations made during this research project indicate that notucal ven- -
tilotion of shelter spaces is valid for multi-story buildings-under cortain ‘j:j
conditions, There exists, however, many basement sheltes spaces not in L ]
tulti-story buildings. 1t is feasible to determine ways of enhancing 3 _::‘
! ‘o
notural ventilotion in bazement spaces of single or two story buildiags. o
QBJECTIVE -
Determine the feasibility of natural ventilation in basement spoces of :.-" x
typical tingle stary or two story “inatitutional type® buildings. S
yw
-
‘ PROCEDURE B
. 1. 3y experiment, determine natural veatiloton choracteristics of ::’,‘-':
typlcal single and two ttory “iratitutionol bulldings,® um_
2, Determine woys to enhance the ventilation charscteritics ta basament “
spoces of single or two vtory buildings. . :_‘_‘f:‘
3. Establish guidelines o aid In the selection of basement spoces ia single o
and two story building: which might bie feaible for vae uader sotursl .-
ventilotion conditiond,
: e
RO
.
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TASK P-9 VARiATlON OF COMFORT CONDITIONS AND SIG-
Nit :CANCE OF TEMPERATURE GRADIENT UPON OPTIMUM
) UTILIZATION OF SPACE IN SHELTERS VENTILATED BY -
NATURAL MEANS

BACKGROUND
In order for the principles of naturo! ventilation to work successfully in
shelter spaces, there will bé a variction of effective temperature from inlet
to outlet. Specific full scale experiments conducfe.d to date indicate
differences between inlet and outlet femperatur; of us much as 10 degree-s F.
Becouse of this variation, the utilization of the spoces os a shelter could.h.e
enhonced by careful arrangement of functions within the space, For excmple,
sleeping functions might be ploced: ot one end {cool end) and activity func-
tions at the other end (worm end). In order to determine optimum space
utilization in shelters hoving naturel Qenﬁlaﬁon, two “kinds" of Information
must be developed.
1. A pvc;file of effective temperoture voriot?oc; through the area of o

naturally ventilated shelter under different choracteristics of activity.
2.  The influence of segregation of activity upon effective temperature

variotion throughout a shelter space.
Obviously each of these is interdependent and would have to be investigated

concurrently,

OBJECTIVE
1. To detemmine effective temperature profile through typical occupied

spaces (simulated occupancy) to be ventilated by natura! meons,

A-12
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Investigate optimum arrangement (by activity) of intesiors of spaces

2.
, to be ventiloted by natural means.
St PROCEDURE
1. Theoretical analysis of utilization of typicol spices koving effective
f temperature veriations within the shelter.
2.  Experimental study on limited bosis of variation of effective tempera~
_tureos o function of outdoor weather conditions, infiliration, air

change rate, occupancy distribution, and occuponcy octivity,

3.  Development of analog for evaluation of specific configurations,
shelter sizes, air chonge rates, occupancy density, distribution, etc.

4. Development of tyq:;icol optimum utitization and configuration studies

to serve os guidelines for general use of shelter spaces ventilated by

notural means,

A-13
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"-TASK. P-10 USE OF MODELS IN EVALUATING NATURAL VENTILA-
- TION OF SHELTERS ‘

BACKGRQUND

The problem of obtaining an entire multi -sfdy building for ventilation !
studies, even for a two week period, has proved to an extremely difficult ' ]

one. ’ ’ . A -

* It would be, therefore, of great value if a method could be deviced where-
by scole modals, of the buildings in quastion, could be bullt and tested. 17
This testing under environmentally controlled conditiors could be carried

out in ciimotometer facilities.

To date, very little has been dene on solving the problems involved in i o

scaling o building to a reasonable size.

oBJECTIVE

To determine the feasibility of wing modols to predict the natural flow of

air through multi-story buildings.

PROCEDURE i
3 1. Literature search for information on previous work done in the fields
of model testing.

2. Amothematical analysis of the physical porometers involved. The oim

is to develop o series of dimensionless numbars thot would govern the

scoling such s the Reynold's aumber does in airplone deslgn testing,

A-14
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3.  Construction of o test model using the parameters obtoined in Step 2. N
Tl
‘ +
4.  Loboratory testing of the model.in climatometer facilities using
: severa! weather conditions, -
5.  Use of the IBM 7074 in the colculation, comparison and evaluation g
: ' 1 -’
; ! of data token. , : i .
L - s, { o
N o . 6. lnterpretotion of results and comparison with data previously obtained ' .
R .- [ : : under ac*ual conditions. ‘]
SRS < 7. UDecision of the feasibility of using models and their limitotions, .
W . . -
s : ‘ g
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