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ABSTRACT

Errors resulting from treating a house as an enclosure surrourding a
single, well-mixed volume of air are explored in detail for a ranck house
with a basement. A fairly typical ventilation pattern 1s assumed 2nd three
quantities, the air exchange rate, the indoor pollutant conceatration from a
given emission, and ihe energy required to heat infiltrating air, are cal-
culated and compared using both the one and two zone models for this house.
In general, the errors were around 10-20% if the basement was inclvded in
the one zone models and 30-40% i1f the basement was neglected. Other factors
that affect the magnitude of these errors include the length of a pollutant

release, the outdoor temperature and the air exchange rate measurement pro-

tocol as well as the particular ventilation characteristics of the house.

Keywords: Air-Leakage, Convection, Heat-Transfer, Mass-Transfer, Modeling,

Pollution, Ventilation.
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INTRODUCTION

The energy price hikes of the 1970s caused many homeowners to search
for methods that could be used to decrease their heating costs. Many found
that reducing the amount of air entering their house by weatherstripping and

crack sealing provided an easy first step. Builders found that plastic

-
14

vapor barriers and tight sealing windows and doors were easy to incorporate
into their existing designs and added to the attractiveness of their homes
to buyers. The net result is that the average home in the colder climates
is much tighter today than it vas ten years ago.

Recent studies have shown, however, that the reduction in ventilation
that has resulted from these tightening efforts has led to higher indoor
pollutant levels. Indoor concentrations of pollutants such as radon, nitro-
gen dioxide, :carbon monoxide and formaldehyde that are 10-100 times greater
than outdoor levels are now cornonly measured (Spengler and Sexton 1983).
Combined with the results of time-budget surveys showing the average person
in Europe or the U.S. spending 90% of their time indoors (National Research
Council 1981), these elevated indoor pollutant levels can be seen to pose a
health risk that far exceeds that for outdoor air pollution.

These concerns have led many countries to adopt or to consider adopting
a4 minimum ventilation standard for newly comnstructed housing (Thompson
1984). The standards will rely heavily on the accuracy of air 1nf£1tration
measurements and on mass and heat transfer models estimating the two basic
quantities of interest, namely, the energy consumption due to heating infil-
trating air and the concentration of an indoor pollutant given an indoor

emission source.



In this paper we look at one basic assumption that is commonly made
when making infiltration measurements in homes: that one can treat a home
as an enclosure around aiéingié, well-mixed volume of aif. Injorder to

a LR H- o) .. B . E XA : i . .
{llustrate the errors that may result from such an assuomption, we use the

simplesﬁ examplé; a ranch house with a basement,'ﬁnd comp&fé theione and two
zone models for this house using typical values for the infiltratf;;,}éxfil-

tration and interzonal mixing rates for each zone.

Finally, we look at the effect of theasinglé‘z;ne aséumﬁéion bﬂ‘gir
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exchange measurements using the tracer decay technique, on estimates of
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energy consumption due to air infiltration and on calcalated indoor pollu-
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RESULTS AFD DisCuSSION 0 -

The equations which’descrihe the mass balance within interconnected,

7

well mixed enclosures can be found in many texts on transport theory. For

convenlence, these equations are_listed in_the‘appendix along with a few

relevant examples of their use.

.

The mass transport equations allow us to calculate the errors that
would be mde if a one zone model was used on a two zone house. We will

concentrat: on three quantities of interest° (1) the air exchange _rate,

defined as the total volume flow rate of air entering a home divided by the

Pl £ . _ﬂt

total volune of the house, (2) the energy required to heat infiltrating air,
and (3) the concentration of an indoor pollutant resulting from a constant
emission sosurce.

In order to get a feeling for the magnitude of the errors,'we will use
the house fllustrated in figure 1. Results obtained using the dual. tracer
technique discussed in the appendix indicate that the air flow rates shown
in figure 1 are probably typical of a ranch house with a basement when the
outdoor temperature drops below 40°F.

When zsing the ome zone model on this two zone house, we consider two
likely scerarios. In Case A the basement of the house is totally ignored.
The house tolume and temperature are considered to be those of the living
area alone, and the tracer is not mixed into the basement before decay mea-
surements zre made to determine the house air exchange rate. ’

In Care B the living area and basement are considered a single zome.
The house volume is the sum of the living area and basement volumes and the

house temperature is the average of those in the living area and basement.



To measure the air exchange .rate, the door between ‘the basement and living
area 1s opened and a tracer is distributed uniformly throughout both zones.
Then the basement door i{s closed and measurements of.the concentration decay

begin. The above assumptions for Case A and Case B are listed in table 1.

Tracer Decay in a Two Zone House

We can calculate the tracer concentration profiles in each zone by
using the appendix equations A3a and A3b with 81) ™ 812 = 0. For Case A,

with the boundary conditions Cj; = 0 and Cj, = C12% at t = 0

o

Cy,° =A 2, '
Cpy = 12 T2L [¢701F _ oTR2F (1a)
Al - A2 :
Cy2° =
Clz2 = —322__ [(A1 + rp)e”M1t - (A, + r1)e~r2t] (1b)
A1 - A2
- where IO N
: Fos ! ¥
RS iy 4
(1'1 + 1'2) J(rl - I 2 . X
Mt 2 3 5l ) +riita (2a)
- : e T 3
. (rl +r ) ‘ J(rl_ r )2 o il ol A% ' a
A2 = -*—2—‘2— M e P (2b)
-2 cat A A0 St
‘For’case B, Cj) = Cj7 = C2° at t = 0. This results in
ot 011 - 12 [(11 + T2 + tzl)e‘xlt - (12 + rp 4 rZI)e-Kzt] (3‘)
AL = A _ _
I . ~l 37 A N S ;
Cy,° - :
a2 'T.”“;q [ + 71 + 112)e™! 1t - (A +xp + 1pp)emR2t] (3b)
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Substituting the values.shown in figure 1 we find for Case A

b

c11 = .313 (e-.330t _\ e-.920t)'

C12° (48)

€12_ . 422e--330t , 57ge-.970t (4b)
C12° :

and for Case B

C11_ . .g91e--330t 4 109e-.970t (5a)
C12°

€12 . 1.203e--330t _ _303e-.970t (5b)
C12° ,

34

t

Equations 4a and 4b are plotted in figure 2. As noted by other ‘duthors:
(Hernandez and Ring 1982; Sinden 1978), this type of plot can be character-
fzed by two distinct time seéments:é a t¥ahsi;nt perigd’if héurs 0-4 in our
example house) in which the ratio ch/cll adjusts to -its equilibrium value
and a dominant period (54 hours) where the conéentration-profiles are domin-
o
Lated by a single exponential term yielding a constant value for C12/¢1;.
From equations 1 and 4 one can easy show that the value of clzlcil as t gets

4 i
large 1s (A; + rl)/r21 = 1.35. ) | ‘
The results from the living area (Clz) ate replotted in semilqgarithmic
v =
form in figure 3. As indicated in the appendix, the one'zone model predicts
that the house -air exchange rate is the‘negative of ¢ ﬁhe slope obtaiﬁtd from
this type of plot. 1In the two zone case, the decay is the sum of two expo-

nential terms. At long times, one of these terms becomes insignificant and

the semilogarithmic plot becomes linear with a slope of =iy




In many cases A is close but not equal to the alir exchange rate (az)
for a two zome house where a; is defined as s a; = (REl + REZ)/(VI + V,).
The two values (Al and az) will be equal only if the two zome volumes. (Vl
and Vz) and the two zonal exfiltration rates (Rg; and Rg,) are equal.
Otherwise some disa%reement @111 exist. For our model ranch house, a) =
0 30 h-l while A\ = 0 33 h'l, a difference of 10%X. Thus, one may be able to
use the long term slope from a semilogarithmic tracer decay as a rough
approximation of the air exchange rate in a multi-zone building.

In practice, how close one comes to theﬁlong term slope will be deter-
mined by the time period over which the slope 1s averaged. Table 2 lists

average slopes obtained from various segments of figure 3. The computed

b

slopes are the results of least square fits over the given time period with

a sampling frequency of one point per hour.' The ,tracer injection ig con-

sidered time zero and instantaneous mixing iIs assumed,

1%

The results in table 2 indicate that the one zone assupptions of Case A

r

can lead to large errors in the computed air exchange rate. Even if ome
N TG I <

assumes -0, 33 to be the desired value, errors greater than 50% can be
Ly Diie T s J
obtained by sampling for times as long as four hours _directly after a tracer

e

injection. To get to within 102 of the desired value, one would have to

T, 5

[

wait about four hours under any practical scenario._;
Notice that computed values of Rz: the square of the correlation: coef-

ficient, are all greater than 0.98 confirming what many researchers have

- 5

noted in the past: that in this type of plot, the correlation coefficient

Ii}is a deceptive indicator of linearity. 1In practice, the degreé of non-

linearity in the underlying processes is overshadowed by scatter in the data
, Y 5 i

due to non-ideal mixing and amalytical error.
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The magnitude of the errors can be reduced by using the scenario of

Case B. Figure 4 shows the tracer decay in both the basement and living

; S 4 oL |
‘'area after both are adjusted to the same initial concentration.

The transient period is now much shorter because the ratio C12/C]_1
starts out muék closer to its equilibrium value of 1 35 After 1-2 hours

the semilogarithmic decay plot for both zones 1 andr 2 become quite linear as

can be seen in figu're 5. Repeating the least squares fitting procedure used

for Case A on the results obtained for Case B (table 3) shows that a waiting

o AR Y
period of only one hour is necessary to get an air excha%e rate that is

H y n - s G 2 Wie BE
“within 10% of thé'long term value. Thus the waiting period can be reduced
Sargl: 2 ooaeY

from 4 hours to 1 hour by using the scenario of:Case B rather than ‘that of
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Indodi Pollittion Céndéntrations

[ ' '\,.:'.'" LI P :A BN [
Indoor pollution” levels can result from short term emissions, continu-

wA
i e B

ous emissions or sdiie ‘combination of both. | 'ExJaml;les of short term indoor
g =R ady v o &
" poFlution sources are cigarettes, gas stoves and shower water laced with

T T R
radon' gas while kérosene heaters and’ formaldehyde 'based pressed wood prod-
‘ RS I LTS S gt
ticts would be considefed continuously emitting ‘sources.
5 Ro e Be2 2 S Ak
“ The condentration profile from a short term source can be characterized
= ",.

U ' poode

by a buildup curve and byia E‘écay"éﬁﬁe. In the one zone approiimation the

e I

"'buildup curve is generated by integrating equation Al usi:zg the boundary

condition C'=" 0 at t = 0. Thd.s tcsults 1n the solution W E
W sicn e & oot omL
20 - g wab -apt TR
gt s o amhem Cen o188
" v rarckEedeoe g DL ALIY Lt foul AL Tapd
The decay curve is given by equation A2,
spee f vis ¢ antx 5L -n6 u



In the two zone case we use equations A3a and A3b and assume that the
pollutaq;.is released only in the living area (zone 2) so that 811 = 0. For
the buildup curve the boundary conditions are Ci1 = Cjz =0 at t = 0 and the

results are 13

1 e-llt e-xzt
Ci11 = o318 + - L (7a)
11 21%12 [r‘,\—l 2 X1GA-%j5) 12(A1-A2y] :
A

(7b)

B 1y (m-dperMt  (n)ody)eAat
127 %12 [x3g X o) X (X1 -%3)
where Ay’ and Ay are given by equations 2a and 2b. The decay curve can be
generated by setting sy, = 0 and using the boundary conditions Ci1 = G°
‘ v RS i

and c12" C12° at t = 0. This yields

V. 0 & 3

Pl

1 -2
‘u =g [}011°(X1 + 1) + Cpp%rgp)e 1t
- (Cllo(lz + rz) + clz°r21)e"‘2t] s (8a)
Ci2 = XI§EE‘ [}012°5§1 F o) + Cporpp)eiit

= (€12°(22 + 1) + C11°r1z)e"2€] : (8b)

In order to compare the one and tw; zane:modéls'and thelr effect on
calculated pollutant concentrations witﬂinkéwhome we?wili ﬁow look at the
effect of turning on and off a constant emission source in the home such: as
a;gas”;tov;. vEmissions of NO or NO; from a well tuned gas stove with two

burners on high average approximately 1.5 x 105 uL/h.




We assume thatzgpe\ougdoor and Iinftial indoor NOy concentrations are
all zero (C1;® = Cy5° = 0), that there are no losses due to surface reac-
tions within the_h?psg, and that there 18 a constant emission s12 = 1.5 x
10° uL/h/200 m3 = 750 uL/h/m3. Using the flow specifications of the model

ranch house in figure 1, we can now solve equations 7a and 7b to yield

\ ¥
Cyy = 469 = 710e--330t _ 741.-.970t (52)

C12 = 1406 - 959e~-330t _ 447.-.970t : (9b)

Taking a typical scenario, let's assume that the burners stay on for
two hours and then are shut off conpletely. We can then calculate the
éonééntra%ioﬁrdicay by usingb;§uations 8a and 8b using initial concentra-
tions calculated by substituting t = 2 h‘i;to equations 9a and 9b. The

Tesults_are
Cyy = 344e--330t _ 397-.970t (10a)

C1z2 = 464e~+330t 4 3g7,-.970t (10b)

For the one zone appgbximation,fwe can calculate the concentration

buildup by using equation 6 with Ry = ajV = 0.33V to yield

’

Case A: Cj; = 2273(1 - e--330t) ) : (11a)
Case B: Cjp = 1136(1 - e--330t) «  (11b)

With the emissions shut off after 2 hours, the concentration decay given by

¥

equation A2 is:




Case A: Cjjp = 1098e~-330t (12a)

Case B: Cj, = 549e--330t (12b)

The results of this simulated two hour release are plotted in figure 6
for both the one and two zone models. Neither of the one zoms models come
very close to predicting the maximum concentration gener#ted by the two zone
model. Case A overestimates and Case B underestimates the pezk concentra-
tion by about 35%. Notice also that the rate of rise and rate of decay of
the two zone concentration profiles are substantially faster than for the
one zone cases, I o

-If the emission were continuous, as may occur when a' kerasene heater is
used, : then the steady state concentration®that results caf’be predicted By
evaluating the buildup equations at t =e, This ylelds: two zoﬁe:'Ci; -
1406 PPB; ¢ne zome, Cpy = 2273 -PPB (Case’A), Cy3 = 1136 PPB (Case B).' Thus

Case B, which includes’the basement volume, more accuratély piddicts the

e -

concentrations resulting from continuous pollutant emissions.

»

Energy Consumption Due to Infiltrating Air 2

The energy implications of outdoor?ait,entering}buildiﬁgs contiriues to

be an area of concern to both scientists, engineers and consumers. Given
thélapprgﬁ%iétd flow inférﬁation; the éhérgy reﬁuired to heatrinfiltrating

: S e
air can be calculated in the following manner.
For a two zome house, conservation of energy around each zone at

steady-state yields the following two equations.

RriHpo + RyjHpy + 'Qp = RgpHpp + RygHp © (13a)
o 5= N 'T s
RyaHpg + RypHy) + Q2 = RgaHpy + RyjHpy

RIS A R R ST
< SR 1 o B L - ot PP, N
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where - Do

Hp = énthglpy per unit volume of air at temperature T ¢

Tg = outdoor temperature

Ty = zone 1 tgmpgratu;e

Ty = zone 2 temperature

Qq = heat generated in zone 1 : X . N '

Q2 = heat gengrated in ;ogerz p
and the fLowa&RIIQ R12, Rg1» RE2s Rz, and Ry are the same as described in
the appendix and shown in figure Al. Here, since we are concerned only with
T She energy necessary.to heat infiltrating air, we have assumed that the
:ﬁonal boqggapieg,arqﬂpe:fectg{psulgtors to conductive.and radiational heat
transfer?_ i B o e, B . .

‘If ve measgﬁeushe gn?kalpiesfin;equation 13a relative to-Hpy and _

those in equation 13b relative to Hy,; and .assume AH = CPAI, then the above

equations can be .rewritten as: " o Lot E Lot
U = GRu(T1-To) + Rpp(Ty=T2I1 - ooy e o (Tha)
e Q2 = CplRya(TprTo) + Ryp(T7~1p)] -+ = S e ()
) A T o i 3 :

3 B e

that. the eneggyarequi;ed

v
H

A similar analysis for .the one zone case s?ows_
& oo o % 1Y) it . 2 R A

to heat infiltrating air can be calculated by l | "
Ce T ' TG

Q = CR(T-To) | - o % 013)

where for case A (basement ignored), T=T; and Ry is based on the volume, of
the living area only and for case B, T -.(T1+T2)/2;F Tpvg ;and Ry is

based on the total volume of the house. :
v T Sy

et

The error induced by the one zone assumptions can be seen by taking the

ratio of the energy required to heat infiltrating air in the one zone case

- 11 -



to that iu the two zone case, i.e. Q/(Ql-l-Qz):. # This ratio 1s plotted as a
.function of outdoor temperature, Tg, in figure 7 assuming our example ranch
house with an "unheated" basement and zonal temperatures Ty = 68°F and T; =
54°F.

As can be seen in figure 7, the one zone model and the case B scenario
do a very good job at approximating the convective energy losses of this
example house, especially when the outdoor temperature is low. The error
using the case A scenario is much larger for any outdoor temperature, mainly
due to an underestimate of Ry resulting from ignoring the basement in the
house volume.

Note that since we have assumed no conductive heat transfer through
zonal boundaries, this implies that the "unheated" basement is, infact,
being internally heated, presumably from waste heat .emitted from the heating
system. In this case, any one and two zone heating cost con';:parison match
the comparison of energy input since all the energy input is from the
heating system.

There are other circumstances, however, where this comparison would not
be the same. For example, what {f the b-asement was constructed so that it
was well 1ns-ulated from the living area, but not from the surrounding soil
and that the heating system was fnsulated to make the waste heat input to
the basement negligible., In this case, Q; would be approximately the same,
but the heat would come not from ‘the heating system, but from conductive
transfer from the surrounding soil. The heat input ratio would still be
Q/(Q;+Q,) but the heating cost ratio wou‘1d be Q/Qz, possibly leading to sig-
nificant errors in estimating heating costs using a one zone model. For our

example house insulated in the above manner, the one zone model using the

- 12 -




Case B scenario woyld overestimate the heating costs by more than 40% ‘at

. outdoor temperatures below 30°F.
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SUMMARY

In this paper we have looked at the practical results of approxi&éting
a typical two zone ranch house as one, well mixed zone. The two zone mnodel
was compared with two scenarios in which the one zone model might be used.
In Case A, the basement was totally ignored in the infiltration measurement
and in the calcuiations while in Case B the basement was included.
bil In terms of the accuracy of an air exchange rate measurement using the
tracer decay technique, we found that Case B dcdes a much better Job at
app:pach{pg the two zone results, especially if the concentration measure-
ments are begun a few hours after the tracer injection. A comparison of the
;;e and two zone theories shows, however, that even under the most ideal
measurement protocol, the air exchange rate computed using the one zone
technique differs from the true value except when the house has certain flow
symmetries.l For o#r model ranch house, the one zone model overpredicts the
air exchange rate by 10%.

A comparison of the one and two zone models and their predictions of
indoor pollutant concentrations from both continuous and non-continuous
emission sources was also presented. It was found that the one zone model
overpredicts the pollutant concentrations for Case A while it underpredicts
for Case B. Errors ranged from 20-60% depending on the house volume used in
the calculation and omn the length of the emission. Again, Case B was rore
accurate in predicting the results of the two zone model. .

Calculations, using the ome and two zone models, of the energy required
to heat infiltrating air in our example ranch house shows that errors
resulting from the use of the one zone model and the Case B scenario were

less than 15Z over a range of outdoor temperatures. Errors using the Case A

‘- 14 =




scenario were much higher (35-45%). Depending on now the house is '

%psulated, these €rrors may or may not beﬂghe same as the errors in caleg-
lating actual heating costs,

It 1s interesting to note. that the heat load and pollutant concentra- .
tion equations which describe the one zone‘m&del errors do not depend
linearly on errors. in the air exchange rate. In fact; signifiggnt errors
would result even if there was no error in the air exéhange raEé.S'This
indicates that an accurate air exchange rate measurement “¢ombined ﬁitﬂ a one
zone model can only give a reasonable first approximation to eﬁéfgyiéonset-

vation and indgor air quality calculationms involving multi-zone %vellingk.
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.APPENDIX

One Zone Model

Conservation of mass for a single zone system can be expressed by:

dac
V_— =8 + RjCsp - RgC
dt I~A E

" [ -

Jiece

C = concentration of the component of Interest within the zone

(vol./vol. air)

Cp = concentration of the component outside the.zone (vol./vol. air)

S = emission rate into the zone (vol,/time)

Rg = air exfiltratioq raQe‘fgom Ehe zone (vol. .air/time)

Ry = air infiltration rate from the zone (vol. air/time) .

V = volume of thé zome

t = ti;e _
Here we hevg asggmednfhag gl}'volumes are measgred at some standar4
temperature and pressure and that a uniform concentration exigts throughout
volume Y: lFor mos} app}i;gtions where this model is used, Cy<<C and since

Rg = R,

v s ke (A1)

Eqﬁation Al, together with the appropriate boundary conditions, describes
how the concentration of a given substance within the zone changes with
time. o

The measurement of air infiltration by the tracer decay method is an

example of how this model 4s used in prdttice:(Hunt 1980). ~ Here-a quantit&



of a tracer gas, often SFg, 1s Injected and mixed thoroughly in a home and
fts concentration decay is monitored over several hours. Referring to

equation Al with S = 0 and the boundary condition C = Coat t =0,

3

C = Cje-a;t (A2)

where a; = RI/V is called the air exchange rate. Plotting In C vs. ¢t
should yield a straight line with the slope equal to the negative of the air

exchange rate.

)

The air exchange rate is the value which {is ﬁost'offen used as a

measure of air infiltration. ﬁéually féported in units of h'r, it indicates

how many house volumes of air pass tﬁrougﬁ the house in cae hour. A typical

value for a home in the northern U.S. 18 0.3 - dts:hjl.

v v
NS 3 N LIS

Two Zone Model

[ e

A two zome model for a house is i{llustrated in figure Al. Here, for a
or b equal to 1 or 2, |
Cap = concentration of ¢omponent a!iﬁ zbnelﬁf(;ol.l;ail 21;3

pev GG “.ambient conceiit¥atfon of component a (voii];%i.hﬁiri
Rap - = air trahsfer rate from zone a toniéﬁé ngvoiioiirytimé) o
Ryp = air infiltration rate into zome b (vol. air/time) |
REp = air exfiltration rate from zone b (vol. air/time)

Sap = emission rate of component a into zone b (vol./time)

Va = volume of zone a .
G A M pey U
v i ! " - - =

Fdr.ﬁomponent 1, a mass balance on each zone yields, oo

AR

dc
Zone 1: V) -d_]t:.l = S11 + R21C12 + Ry1Cyx - (Ry2 + Rgp)Cyy
i SR ST 3o v K T3 i '&"
dC - - 3, 4 v
anelzp VZE:JI =812 + R12C1_1 * RppCia’ - :(zRZI‘:aI- Rm)clz 3 .

dt
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For component 2,

' dc
Zone 1: V) '3%1 = Sy1 + Rp1Cp7 + Ry1C2px - (Ry2 + Rg)Cyy

dc |
Zone 2: V, d_ztz = S22 + Ry2Cy; + Ry2Cop - (RZI + Rm)sz

f

Making the substitutions r,j = Rg,/Vy, ‘841 = Sap/Vp and r, = (Ryp +

Rga)/V, and assuming all C,, small we find for component 1,

dC :
Zone 1: 1—%-1 = 811 + r21Cy2 - 13C1y (A3a)
dc
Zone 2: T%:-z- = 812 + T12C)1 - 13€C)9 (A3Db)

and for component 2,

dcy - '

Zone 1: —a%l = 821 + r21C22 - 11C21 (A4a)
dc

Zone 2: —d%l = 822 + t12021 - t‘zsz . (Allb)

As an example of how this two zone model is used, let's look at how the
six air flows, Rg;, Rgz, Ry, Rys, Ry and Ry; can be obtained using
a constant emission release of a different tracer gas in each zone (I'Anson
et al., 1982; Dietz et al., 1983). Referring to equations 93 and A4,
setting sy, = s;) = 0 and allowing the system enough time to come to steady

state we obtain,

[ 8



811 + 127C12 - €33 = 0

r12Cy) - €12 = 0
r1C22 - 11C21 = 0

897 *+ r12Cy3 - 1€z = 0

If the emission rates 811 and 899 are known and if the concentrations

Ci1s €125 Cg3, and Cyp are measured, then we have a system with four equa-
tions and four unknowns (rl, T, T12» and r21). Once these unknowns are

obtained,

Riz = Var)2
R21 = Vi1

and REI - Vltl - Rlz
Rgz = Var3 - Rpp

Finally a mass balance for each zone yields

Ryp = Rgp + Ry2 - Ry

Ry = Rgz + Rz1 - Ry

19.
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FIGURE CAPTIONS

Al

1.

Ventilation characteristics of the ranch house with a basement that is

used as an example in the téxﬁ. All flows are in m3/h
,,:ﬁ

Decay of a tracer in thq model ranch house using the Case A measurement

protocol (baseméh: neglectéd) Cil = basemept ‘concentration, Cyp =

-
e g gt . ST _

living atea coan?tration. : 1 = Al

== (B8

Semilogarithmic plot of the living area concentration profile in . figure
) ;

‘ii”‘[‘ I". -

e

Decay of ‘a tracer in the model ranch house using the Case B neasurement

totocol (basement included) Cy7 = basement concentration, Cy, = 14iy-
p 11 12
"4
fmg area concentration.

Semilogarithmic plot of the concentration profiles in figure 6.
i

NO or NOj concentration profiles resulting fiom a gas stove left or)| for

! {
two hours in the eximple ranch house. The emission rate, § = 1 5 x7L07

UL/h, is equivalent to that reulting from two burners on high
l’ ¥ E

3. :Q/(QuHQy) 1s the ratio of the energy required to heat infiltrating air

. Scﬁematic for the two zome mass balance model. §gg tEgt’ﬁor,det&iié;ff

LN

#

) 1n the example ranch house using a one zone model to the energy. cpm-

_hputed using a two zone model.
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TABLE 1

- Oneé zoné 'model‘ assuiptions
P _

afow

House House Initial tracer cogcentration
Case volume temperature . for tracer decay method
A V2 T tow C1L =0, €12 = €120
B Vi +V; LTy + 1) /2 C11 = €129, €12 = 3,0
]
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TABLE 2
Slope of the decay curve of figure 3 computed over various time

' segments. ,thig the square of the correlation coefficient.

“Time (h) . Slope  R2
,,,,, ¥ \
. 0-4 (=518 993
0-6 L =ah62 .988
0-8 =425  .987
¢ 1-4 =.476 .996
1=6 T-.428 .993
1-8 -.399 .993
2-4 -.439 .998
2-6 -.401 .997
2-8 -0378' 0997
3-6 -.380 .999
3-8 -.363 <997
3-10 -.353 .999
4-6 -.367 1.000
- 4"8 -0353 0999
4-10 ~.345 1.000
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_Slope of the decéy cﬂ’:ve of figuz‘e 5 (Zohk 2y computed over

@ B Ege R axa w 3 lgoeiy Tl lan
varj.o-ua time ségmenta. Rz\‘, is the squate, oJf thc cqrt‘elat;lon
cpefficient. T ! b ‘r‘=‘ AT L %
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95k .(a‘xa 1.0
3-6 320 1.0t
2-8 -.32% 1.0
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