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INFILTRATION AND AIR QUALITY IN WELL~-INSULATED
HOMES: 2. EFFECT OF CONSERVATION MEASURES ON
AIR EXCHANGE AND ENERGY USE

Niren L. Nagda, Ph.D., and Michael D. Koontz, M.S.
GEOMET Technologies, Inc., Rockville, Md., U.S.A.

Burton Karpay, M. Arch.
Applied Management Sciences, Inc., Silver Spring, Md., U.S.A,

Abstract

Air infiltration in two well-insulated houses is being investi~
gated to determine its effect on energy use and indoor air quality.
The first paper of this serles provides a general perspective on the
prablem being inveatigated and a detailed description of the study
design. This paper reparts on the effect on conservation measures
taken, including the installation of an air-to—air heat exchanger, on
alr exchange and energy use. A third paper presents pollutant
measurements and modeling results.

Experimental Setup

Under this project, sponsored by the Electric Power Research
Institute, two identical bilevel houses were conatructed on adjacent
lots in a suburban area near Washington, D.C. (1). Both houses are
well insulated and have the same orientation and wind exposure.
Baseline fan pressurization/depressurization tests indicated that the
two houses had very similar atir change rates, i.e., approximately
10 air changes per hour (ACH) at 50 Pa. One of the houses, termed the
experimental house, was retrofitted to achieve a 40 percent reduction
in air leakage. An ailr—to—alr heat exchanger with a capacity of
2.8 m? per minute at a pressure drop of 90 Pa was installed in the
retrofitted houge. The heat exchanger was configured to supply
partially conditioned outside air to the main supply duct of the
central forced—alr aystem for heating and cooling. The other house,
termed the control house, was left in ics initial state of construction
for comparative purposes.



*g38N0Y TOIJUOD puw
Te3uswyiadxs Uyl S33B1 UOTIBIITFIUT 23BIsAe UIaMIaq POUSIIIIT] &

0€°0 ZL'0 %0 yath
12°0 850 Lg°0 mmypay
01°0 6€°0 62°0 07
60°0— £2°0 T€°0 330
1124

LE°0 65°0 0 Yy3TH
87°0 8% 0 0Z'0 unypay
01°0 z€°0 720 L
€0°0- €10 910 330
ZTouwmmg

xIOUIIIITA asnoy Tejuawfzadxyg © ISNOY TOIIUOD Suyiges

333uByoxa jeay

*HOV uy ‘saiea
a8uByo> ate a8wisae uo uojjieiado 198urydoxe 3¥sY JO I099IIT T SIqEIL

*Suy339s TINJ S3IT I® HOV H°'(Q Inoqe pappe I93ueyoxs

jJesy ayj 3eys 898 ued> auo (Y3Ty pue JJo) SIW3IIXD IIBI-MO[J dY3l 3I®

838NOY oM} 3Y] UISM3Iaq B8I0UIISIIFP 9yl Sujaedmoo Ag ‘IswWmns uy ueyl

1I®J UT SE3] 3IEYMemOS SBM JuTII9S 9IBI-MOTJ UOED IB S§S89IXd IATIBTSI

2yl +9381 MOTJ 198uEBYOXd 3IEBIY 9yl 03 PoIBT31 SBM S3]1R1 I3uBYD

IFe U 3OUSISIFTP 3yl Jo apnifulem 3yl °o8ueydxs ITE JO STOAST

19y37y pey 9snoy Tejusmyiadxs 3yl ‘pajeaado sem 198uryoxa 3JE9Yy Y3

uayM °*3JJo sem 133uPYOXD 3IBSY BY3J UIYM I8NOY TOAIUOD 3Y] UBYI I3IB1

UOFIBIITTIUT I9MO0T ' PEBY 9snoy Teiuamjaadxs a3yl ‘suoseas yjoq Surang

*gon02z siteisumop pue s1yelsdn 3yl jo aBeaasr PIIYITOM-SUMTOA ®

218 98NOY YoJea I10J 83381 UOTIBAITFIUT Byl °*Z 9TqBL U] uUMOYsS SB] 83381
UOTIBIITTIUT [IBF pPue Iaumuns uo Iaduryoxa IBaY 3Yl JO I2933Jd 3YL

+83ut3398 a3BFpeumaajug
3097351 UNIpaw pUBR MOT EBaIdYM ‘I93uByoxa 3IB3Y Iyl I0J DIBI MOTJ
mufxew 3yl sjuasaiadax Juyllzas ySyy 9yl °*3IJo SBM I} USYA IITINO
pue 3137Tuy 9yl Sujdel £q pasoTd a19m 198ueyoxa 3esy Byl 103 S3IONP
Isneyxa pue L1ddns aoopano ayj -paFpnis aiam--y3Iyy pue ‘unypom ‘mof
¢330--53uy3398 9I1BI-MOTJ I98ueByox® 3BIY INOJ JO §31093IF°9 9yl ‘Suyiles
uey STYl YIFM °popuemsap sem Sujyood 10 Jupjzeay uaym ATuo pajeaado
SBM UBJ UOFIBINOITO oYl ‘sjuswaanseaw Jo 8338 L[¥o9m Jsow I0j

*93e1 Sutads syl ueyl zamofT
Juad1ad g7 sem 93ex TTeJ S3IF f3jou PJp @9snoy Tejuswiaadx® 3yl Inq I3ex
UOTIBRIITTIUT SUFTSSEQ 8IF O3 PIUINIal ISNOY TOIIUOD Y3 ‘UOSEas TleJ 9Y3
Sujanq *317J013131 031 IONp SIOUIIBIIFP TEFIu23od 3yil Ino pauadmep sadus
~1233FP danieradwd] I00PINO-ICOPUF IaMOT YSnoayl uoflIvIITFIUF AFe Ul
uoT3Ionpaa a2yl ‘Ar3uszeddy -pe3ilTJoilaa sem 28noYy duo LTu0 YSnoyi usa2
‘iamums 03 Suyads WOy TOFIFSUBI] dY3} I0J SUOTIONPS1 IIBI UOFIRAI
~TFJUT Ie{TUFS paduatiadxe easnoy om3 aYy3l I8yl S83IBOTPUT 1 2TqElL

L9

*sasayjuaied ur peledypuy Buyiads wWoaj uOFIONPaT Jusdang ¥

(uor3onpaa ¥97) (zor3aonpax ycg) asnoy
¢0°0 ¥ €z 0 20°0 ¥ 0T°0 €0°0 ¥ 1€°0  TeIusmpaadxy
{uoraonpaa ou) (worionpaa ycg) asnoy
¢0°0 F £L°0 ¢0°0 ¥ z2-0 €0°0 F €£°0 Toa3juo)
*ITBd y2oWENG (3130112291d) Butadg

*HOV Ut 89381
UOTIBIITFIUT 1Te 98BISAR UO UOSEIS PUR 1TJOIIB1 JO 83193337 1 9[qEL

*slulawmaansean
A1anoy ooz pus @/ U2amIIq U paseq ST 28eisAe yoea 98nedaq Trews
AT2ATIB131 31 SPURQ 101J9 Y] °UPAW BYI 10J STEAIIIUT aduapjjuod
uadaad ¢p jusssadaa 1 I[qEL UT PIBI YdB3 03 payoelje spueq 1011s
2yl *£73Ue3ISUOD pareiado SEAM UBJ UOTIBNIATD Y3 ‘sporiad asayl
8urang -asnoy Yoes 1oy uMoys aa¥ [TBJ pue ‘Iowums ‘Juyads Sutanp
spojiad Sujioljuom Naam-1 103 sIIBI uoplIeIITFIUT 28pasae ‘1 arqel
uj -sui3jjed wOTIBRIAITIIUT 031 192dsaa yigm auoz snosuaFomoy a18uys e
Se paAByeq asnoy yoes ‘Arjueisuod pojeisdo sem upy STyl uayy -wWaIsLs
AFB-P32103 3Yl YITA PIIVII0SSP UBJ UOTIBINOATO 3yl 3o £ITA[IoE ay)
uo juspusdsp Ses S3UOZ OMI BY3J UIIMIBQ IDUIIIIITP YL *(Z) 1397
zaddn 3y3 uy poansesm asoy3l o3 yenbs 10 uweyy 1s7es18 sfemte a1am
TOAST I9MOT 343 UT PaINSESIW S3IBI UOFIVAITTIUT ‘sasnoy yaoq uy

SjusmaINsway 23UPYSXF ITY

*asn £31°us pur afueyoxe ay®
Uo uotieiado 198uEyoxs IBSY PUR 3TJOA191 IYI Jo 5333 PIINEEOW a2yl
sjiodax 1aded syl +asnoy yows 103 ATSNONUTITOD pa@103Fuomw OSTE® BF
‘8uriesy 10 SuTmOTITPuUOd 1R 103 Isn LFisus se 1158 sv ‘voyidunsuod
£313us Te3j0] °-9SNOY YOoES JO STIAST Siyelsumop pue siyeisdn ayj
UF S9381 UOTIRIITTIUF 9IBRINITED 03 pasn 2xw Ledop (945) 888 199wa3
3O SSTPNIS SNONUTINO) °ISJUTA PUR ‘[TBJ ‘IOUUMS-_SUOSEIS D9IY] IDAO
PaIojTuOm UIBq BABY $ISNOY BYJ “ITJOXIDA DY3 SOUJS - €I9M TRIIAIS
Jo poyaad ® 13a0 813A9T uolInyrod II® puw ‘voy3dunsuoo £B1sus ‘sajex
UOTIBIITFIUT 103 PI10ITUOW 213 $ISNOY Y3l ‘IFJO1I31 01 10113 *€Q61
3o Butrads 9387 ur 3Ino pataxE> sem sssulysy3 103 1FJ0ox3aa Iyl

991



“486T1 ‘:®d

¢gryd1opeTTYd ‘STPTI23BW Surissy 103 LI3T7J0S UBITIAWY *s8uIpTINg IO
aouemI0yIag ofejee] 1Ty painsesy uo unjsodmds WISV *SISNOH OM]

3o $OF3ISsTaaloeary) UOTILAITTIUI 1TV dY3 Jo =0ﬁummMuww>=m pPa1T®ISQ

v 1T90ang *9°H pue ‘ziumooy *a*W ‘sfiieg -1-q ‘*T°N ‘epSeN (2)

*Z86T ‘'PH ‘OTTTANDOY

¢ ‘a3n3TIsul Yoaeosay i1smog JFIIVSTI 3Y3 103
01-H3 3x10dsy IFHOTI .

vwwwmwum UBTq N10M--S°OUSPFSIY PoIBINSUI-TIM IYSTL UT £311END ATV

Io0puy pue ‘uofieal[fyul ‘osn LBisuy -oul ‘sarSorouyoal IAWOED (1)

soouaiaJay

. *I~%€0¢ d¥ 3I9BIjUO0D ISpUn
2IN3TISUT Yoaeassy iamod OTII0STH Y3 4q peixoddns s jr1om SFYL

USUIPITAOUNOY

*UOTITPUOD 19Y3IEOM 19IUTM IWSIIXD 210w Y3 Sutanp MmucwﬂuwQWm mnmﬁwww
17301391 °Yy3 woiy sSujaes 193e9a8 eyl paiedyoFauE BT 31 dOﬁM 3
uy zo8upydxa 31€3Y 9Yy3] YITM USAD USIS IISM 3ITJ013d1 dYl 03 SNp SIUTABS
£810ua smog -uosess TTEJ 9Y3 UT PSAI9SqO Sem IFJ01I21 3Yj 03 =np
§9791 UWOTIBAIITFIUT ATFE U UOFIONPa1 2 ‘uosfaedmod g +28nOY T013U0D
aya ao3 ueyl 19ySTy Sem lsmmns Bupanp uor3ieiado 198ueydx3 3BIY SY3
Supfuedmoooe asn A81suy +69381 UVOTIEBIITFIUT ITE® JO SWId] UL uwaa=m wuu
Sulanp paduspiA@ jou sem 831893 100p I9mOTq £q pIinsedm B ‘3I7Joalaa
03 9np asnoy TRIUSWEIAdXd Y3 UT UOTIONPII FeRRIT 1TE IYL

SUOTSNTOUO)

AQT

61 £°s 8°2¢ 1°82 23FARIY
(¢]% 9°¢ '8 0°71 a133y317
9JUBIIIITP  DOUIAIIITP asnoy 28snoy peor
a8ejuanaag ?3InTosqy Te3uawraadxy T0313u0) Buyieay

£®p/yMy uy ‘Suf3wsy 107 9sn AJiasug

*3sn £813ua IATIBTS1 uO prOT Bujiwsy Jo 3I993I7 *g arqel

*(Lep/yMy €°c) smia1 a3InTosqR uy Ia%imT
anq (jued1ad g1) smial afejusdiad U IITTPUS SEA 83SNOY Iyl UIIMIAQ
20U21333TP 2yl ‘peoy Buriesy 1ay3Ty ® yigm porirad syi Supang -L8z9us
8urieay (Lep/uMy 9°g) sso 3Jusoiad g pesn asnoy TeIusmyaadxe aya
‘193y817 sem peor Sujpiesy syl usym ‘yoom ay3 jo 3jaed 38113 aya Sujang
*pe3eisdo jou sea 128ueyoxe 3BaY Syl USYM }Pem ImWes 2yl JO Suoyllod
3U81333Tp om3 JuTinp sasnOYy Yl UIIMIDQ FIIUSIIIITP SMOYS a[qe3
STUL °€ STqBL UT P93IBIISNTIT ST SPeOT Buyro0d 10 Sujiesy IBTTUIS

Jo spotaad Bupanp suostiedmod £31aus Suyyem jo aouvjzoduwy ayr

*38N0Y T0oI3IU0d Y3

103 o3ex Sujpuodsaizod syl ueyl 13ySyy HOV z°'Q sem Suyiiss 87yl 1e
2381 23uByoxs 1FF 3Y3 yB3noyl usa2 ‘unjypsum je raBuryoxs 3BIY Y3 yiya
1183 343 Sutainp sBujaes £B1sus amos sem 219yl ‘o9sed Jouums 3yl IRFTUN
‘snyy -Te303 uy (Lep/yMy ¢'1) ASisus ssa Jussiad % pue Bujieay

103 (Lep/uMy 4*g) A81oue ssay Jusvaad Z1 pasn ssnoy [rIusWfiadxe ay3
‘unypam 3j® 198uByoxs B3y Iyl YITM -T8I07 UT (Lep/uMy 6°5) £3aaua
883y juadaad g1 pue Suyiesy 103 (Lep/uMy g¢°'¢) L£Bioue ssay jussiad 61
pasn 9snoy TeiuswWlladxa =yl ‘jjo i1afueyoxs 1esy Oyl YITM ‘uoswas

FlBJ °Yy3 103 9peuw 31¢ suosTawdwmod 3sn A813ud zeTTWES ‘7 8anFig uy

*3T9837 198upyoxa 3eay syl £q uoyidunsucd iamod
83097721 £812ud Te3l031 107 sEa0%xs 1ayfyy ayy -Tel0] UT (Lep/umMy g-¢g)
£313ua azow juadzad 17 Inoqe pue FuFuOTITpuUOD are 103 (Lep/uMi 0°1)
£813ua 210w Ju9013d ¢ 3Inoqe pasn ssnoy TejuswTiadie 3yl ‘mnjpem 1®
123ueyoxa 319y IY3l YITM -(Te303 uUF ssay Aep/yMy 0*1 pur SujuofaITpuod
Ite 103 s83T LBp/UMy G°'Q ‘°3°F) L£B81sus ssaT juadaad € Inoqe pasn
asnoy Teiuawpiedxe ayl ‘yjyo sem i1aBueyoxas 1eay oYy3 uayM -asn £Taous
18301 pue Auc SUTUOFITPUOD ITR 103 9sn £B13ud Jo SWII3 uUT yjoq
POPTAoad aaw sasnoy oml IYy3 ud9MIaq suostaeduwo) *Te T3uU3py 1soure
®13M SpEOT BUTT00D AT¥29M POIR}I08SE 25NEIAQ USILOYD DIIM s8uri3les om3
@83yl -poyiad i1ammns ay3 Burinp--mnipsm pue 3yo--sBuylias 198uByox3a
B9y OoM3 103 UIATE ai1e suostiedwod Isn £B1sua ‘1 Ian8T4 ujy

Sjuamainsway o8[) ABJouym

891



170

A1l other
28 energy use
(kwh/day)

= —— é%ég%g- Afr conditioning
12

10 SO JEBBEE KB RXSBEDA (knngvay):

8

8 QQ;QQ QQQQQ

4 —

2
Control Experimental Control Experimental
house house with house house with

heat exchanger heat exchanger
off on medium

Fig. 1. Effect of heat exchanger on summer energy use.
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Fig. 2. Effect of heat exchanger on fall energy use.
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