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ABSTRACT

Forced air distribution systems in residential buildings
are often located outside the conditioned space, for example,
inattics, crawlspaces, garages, and basements, Leaksfromthe
ducts to these unconditioned spaces or outside can change
[flows through the registers and change the ventilation rates of
the conditioned spaces. In this study, duct leakage flows were
measured in several low-rise apartment buildings. The leak-
age flow measurements and other data about the apartments
were used to develop a prototype apartment building, The
multizone airflow model COMIS was then used on this proto-
type building to determine internal flows within the building,
airflows through the building envelope, and the impacts of the
duct leakage on the ventilation rates. The effects of sealing the
duct leaks were also examined in order to determine changes
in infiltration rates resulting from duct retrofits. The simula-
tion results showedthat for the prototype tested here, the excess
return leakage tended to decrease envelope infiltration flows
by about 20%, but the total infiltration load, including return
duct leaks, more than doubled during system operation.

INTRODUCTION

There is a growing body of knowledge illustrating the
effects of duct leakage on building energy consumption
(Walker et al. 1996; Jump et al. 1996; Palmiter and Francisco
1996; Cummings et al. 1994; ASHRAE 1998). Leaks to
outside conditioned space from supply ducts represent a direct
loss of space-conditioning energy. For return duct leaks from
outside conditioned space, the effect on the duct system is
more subtle. What is important is the difference in temperature
(or enthalpy for cooling systems) between indoor air (that

should be entering the return duct) and air surrounding the
returns that enters the return system through the leaks. For
example, a return leak in a cold basement cools the air in the
return duct. This results in cooler air being supplied to the
conditioned space and longer system on-times to meet the
same building load. The last effect of duct leakage is the
change of building ventilation rate due toimbalances between
the supply and return register flows into and out of the condi-
tioned space. In a system with no leaks (or equal supply and
return leaks), there is the same flow out of the supplies as into
the returns, and the flow through the envelope of the building
will not be affected by the duct system during system opera-
tion. However, if there are more supply duct leaks than return
duct leaks to unconditioned spaces, then the return register
will suck more air out of the conditioned space than enters
through the supply registers. This depressurizes (relative to
when the system is not operating) the space and results in more
air being drawn in through the envelope of the building, thus
increasing the ventilation rate and the energy load of the build-
ing. Conversely, with excess return leakage, the conditioned
space becomes pressurized and the inflow through the enve-
lope is reduced, hence reducing the airflow rate through the
envelope of the building. In addition, individual rooms in the
conditioned space can be pressurized or depressurized more
than others when systems have multiple supply registers and
few return registers. For example, the flow for a room with
only a supply register can be limited by the flow restriction of
a closed door between the room and the space with the return
register. This pressurizes the room and reduces its infiltration
rate (an estimate of the magnitude of this effect will be
discussed later). Note that in this paper, the pressurization and
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depressurization caused by system.operation are determined
relat1ve to when the system is off and not on an absolute basis.
‘A key pomt in this paper is the separation of the envelope
flows from the total ventilation rate. The total ventilation
1ncludes the flow into return leaks from outsrde the condi-.
tioned space. The net effect of system operation then depends
on the magnitudes of both the duet leakage flows and the
changes in envelope flows. If the return leak flow is greater
than the reduction in envelope ﬂow,}"'then the net effect is to

increase the 1nf"lfrnhnn lnnrl For excege cnnnlv lealks, thie’
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complication does not occur and the supply leakage flows are’ ]
made up by extra intflow through the building envelope only

To obtain an estimate for the magnitude of these duct
leakage effects on the envelope flows, calculations were made
using the multizone ventrlatlon model COMIS (Feustal and
Raynor-Hoosen 1990), As with all model simulations, the
applrcabrlrty and interpretation of the results depend on how
realistic the input data is. In this study, the duct system flows,
envelope leakage, and interzonal leakage (e.g., door under-
cuts) were all based on field measurements in several apart—
ment buildings. This implies that the msults were typical for,
the housing stock used for these studies: low- r1se apartment '
buildings. s

For this study, ﬁeld measurements were made of duct ‘
system flows in 23 apartments in eight buildings in New York
State. Some of these measurements are d1scussed in greater
detail in Wallser et al. (1996) The duct system measurements
were made before and after a duct retrofit. The retrofit
1nvolved seahng duct leaks and adding 1nsulat10n to the
exposed ducts in the apartment building basements (these
were the accessrble portions of the duct systems) Additional
measurements in other similar apartmcnt bulldmgs werc uscd
to estlmate envelope leakage (NYSERDA 1994) A prototype‘
building was created thathad typ1cal characterlstlcs by analyz—
1ng the layout of all the apartments in the study Examplel
apartmcnt charactcr1st1cs mcludcd ﬂoor arca, rcgister loca-
tions, and floor plan.. The | prototype burldmg was used in the ..
multlzone alrﬂow model COMIS 0 calculate ventllatlon,;
llows for the apartments for three cases The ﬁrst case had no
forced air’ system running and only natural vcntrlatron (wmd
and stack effects)—thls is.a reference case to Wthh the other
cases are compared The second case used measured ducti
systcm flows bcforc thc ducts were rctroﬁtted The third case
used rev1sed system ﬂows based on measurements after duct
leaks in the’ basement were sealed Srmulatrons were
performed using COMIS on an hourly basis _for the w1nter
(December through February) Comparmg the Tesults between
the three cases allowed estimation of ‘the impact of duct system
leaks on the ventilation rates (and, therefore bm]dm g load) of
these apartment buildings.

FIELD STUDY RESUL‘TS

. The followmg is;a: brlef summary of the, ﬁeld .neasure-:
ments. More. details of these measurements were-presented in
Walker et al. (1996).

Duct System and Apartment Characteristics

Sketches were’ made of apartment and ‘building floor ’
plans, including register arid duct locations. The visible duct
lengths and diameters were also recorded. All of the apart-
ments were heated by natural gas furnaces located in the build-
ing basements. The only exposed ductwork was in the
basermeil, with the remainder f the duct systems in the wall
and joist spaces.*All but oneof the buildings ‘used a single
furnace feeding fout'dpartments, and this i is'the configuration
that'was used in the COMIS simulations. The duct systems
were similar ih"all the apartmients, using uninsulated sheet
metal for both supply‘éhd returny. In'several buildings, sections
of the returnis were fun in joist spaces by puttrng sheet—metal
panmng dlong the bottom of the ]msts R

" All of the systems had more supply ducts and registers
than returns. The average per apartment was four supply regis-
ters and a single return register. The supply’ reglsters were.
located in. the bathroom, bedrooms and hvmg rooms with a
single retum register in the living room (as shown in F1gure 1).
The 1mbalance of supply and return registers indicates that the
system flows will change the pressure differences between the
rooms in the apartments and between apartments within the
building. The supply register flows may pressurize rooms
containing supplies only relative to outside and other apart-
ments in the building (particularly fooms containing‘réturns).
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Figure 1 Prototype apartment butldmg two story,

- four apartments The apartmem‘ buzldtng
has two zdentzcal ﬂoors with a full basement
bbelow t}te ﬁ ‘floor. Each floor and the
basement is 2.5
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These potential imbalances can be poor from an indoor afi
quality perspegtive because they may create flows between
apartments carrying moisture, odors, etc.

Duct System Retrofit o ook

JThe retrofit procedure consisted of sealing leaks in.both
supply and return ducts with mastic and tape and wrapping
the ducts in foil-backed glass- frber insulatipn (approximately
50 mm [2 in.] thick). Some leaks were locat_ed by simple visual
inspection (e.g., large holes and.joints between duct sections
and ducts and plenums) and.others by using smoke sticks to
visualize the air legkage. The following are a couple of exam-

ples of the large holes that,were found in these duct systems. .

In one system, two supply ducts had been cut off near the
supply plenum and had been sealed” by stuffing glass-fiber
insulation into the exposed stub end of the duct. In angther
system there v was a drsconnected supply duct and two open—
mgs in the return ducts that ‘Were 40 cm X 20 cm (approx1-
mately 17in. x 7in.) and 25cmx 13cm (approx1mately 10in.
X 5 in.). The large holes were sealed before any flow measure—

of duct systems, rathet than leak seahng

A I s It

Duct System Measurements

All of the following measurements were made before and
after the ducts were sealed and insulated (pre- and post-retro-
fit). The airflows were measured at each register using a flow
capture hood combined with a fan-assisted flowmeter. The fan
assist allowed the flow measurement to be corrected for any
register and leak flow changes due to placmg the flow hood
and flowmeter over the register. The uncertaintyin the reglster
measurements was limited by the flowmeter and was +3% of
the measured flow. The temperatures of the air. flowing
through the flowmeter were also measured and were used to
convert the volume flows to mass flows; for input to the
COMIS simulations. The operating pressure” differences
between the ducts and their surroundings were measured, with
typical operatmg pressures of about’50 Pa for most systems

The additional ﬂow imbalances between the rooms in the
conditioned space with systems having multiple supplies and
few returis were studied by measuring some pressure differ-
ences between rooms.and between the apartments and outside.
However, fluctuations in weather conditions (primarily wind
pressure changes) made interpretation of the results difficult
because the magnitudes of the pressures resulting from the
flow imbalances were the same as the-pressure fluctuations
ansmg from the weather. Also, the same average weather
condltrons were“{requrred with the system on and off $0 as to
separate the effects ot the distribution system from the natu-
rally occurring pressure dlfference's due to the natural infiltra-
tion flows. Without extens1ve mshumentatlon and long-time
data collection, the field measurements were not able to reli-
ably determine these effects.
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Envelope and Interior Partltlon Leakage:

The cxtcnor cnvclopc leakage for apartmcnt walls (and
celhngs for the second floor) was determmed from 'the results
of field tests usmg blower doors to pressurxze apartments
(NYSERDA 1994) Expressed asa 4 Pa  leakage area, a typical
result from the field tests of buildings similar to the ones in this
study was 6 cm?/m? (0.11n. 2lftz) 1t was assumed thatthis leak-
age was evenly distributed over the envelope. In other words,
there were no specrﬁc leakage locations (e.g., around doors or
wmdows) on the envelope. The NY. SERDA (1994) report
(and other s1m11ar field tests) shows that the interior partition
leakage aréa at 4 Pa is typically 1 cm*m? (0.017 in.%/ft?). This
interior partition leakage was also applied to the floors of the
apartments and to the céiling of the second floor apartnients.
As with the exterior leakage, this interior partmon leakage was
assumed to be evenly distributed over ititerior surfaces.

For exterior leakage of the basement, a value of 3 cmz/m
(0.142 in.Yft) of perimeter was used. Because some of the
basements in the field study were extremely leaky due to
poorly fitting doors and windows, the simulations were
repeated to determme if having a leaky basement would affect
the results srgmﬂcantly The leaky basements had ten times the
leakage of the regular basements (30 cm%m [1.42 1n.2/ft]).

COMIS PROTOTYPE - S

Flgure 1 shows the floorplan for the prototype bulldmg
that was based on the apartment layouts recorded in the field.
The prototype had four apartments with two apartments each
on two ﬂoors The basement was all below grade but did have
envelope leaks to the outside through the leaks around the top -
of the foundatlo; 'wmdow wells, and doors. The srngle return
regrster for each apartment was in the floor of the living’ room,
and the four supply regrs’tyiers were in the hvmg room the two
bedrooms and the bathroorh The two ﬂoors of the apartment
burldmg had 1dentlcal ﬂoor plans and t €. basement has the
same footpnnt but has no 1nter10r partrtrons The condmoned
ﬂoor area of the apartments yvas 70 m (750 ft2) per apartment
for a total of 280 m (3000 ftz) for the bu11d1ng Note that thrs
d1d not 1nclude the stalrwells or hallways because they have no
regrsters and are not heated d1rectly The. cellmg he1ght for
both floors and the basement was 2.5 m (8'ft). The opening in
the staircase between ﬂoors was 35 m? (38 ft2 ) There were
door, undercuts of I « cm (O 4 1n) between roomis in the apart-
ment and between the apartment and the hallway ‘that were
typrcal of the undercuts found 1n the ﬁeld The srmulatlons
were repeated for a smgle case w1th the’ 1nter10r doors for the
bedrooms and bathrooms open For all the srmulatrons it was
assumed that the doors to the hallway remamed closed. There
was a ‘single open “doorway” between the kitchen and the
living room with no door in it.

To obtain appropriate flow ratesfor.the COMIS prototype
system, the flows were combined for all the tested systems.
The register' flows for all the apartnients’ were summed and
expréssed in terms of'flow per unit floor area. Thé floor area
of the prototype building (280 m? [3000 ft*]) was theriused to




calculate the total flow for supply and return. The flow from
each register was then determined by dividing the total supply
flow by the number of supply registers (four in each of four
apartments, totaling 16) and the number of return registers
(one in each of the apartments, totaling four). The flows are
summarized in Table 1.

TABLE 1
Summary of Field Measurements and °
COMIS Simulation Register Flows

Supply - Return
) Pref V Post- P’r"‘e! Post-
"| Retrofit | Retrofit | Retrofit | Retrofit
Total supply flow for all 5.03 545 3.10 4.08
apartments, kg/s (cfm) (8870) | (9610) | (5470) | (7190)
Total fleor area for all 1800 1800 |- 1800 1800
apartments, m? (ft%) (19380) | (19380) | (19380).| (19380)
Flow, kg/sm? (cfm per ft?) | 0.0028 | 0.0030 10.0017 0.0023
" | (0.458) | (0.496) [-(0.282) | (0.370)
Total prototype register 0.78 0.844 | 0. 479 | 0.631
flows for 280 m? (1370) | (1490) (846) | (1113)
(3000 ft2) system, kg/s (cfm) 2
Flow per prototype 0.049 | 0.053 0.120 | 0.157
~ register, kg/s (cfm) (86) 93) (212) (278)
Leakage flows, to and from 0. 064 — 0,151 —
prototype basement, (120, (267)
kg/s (cfm)

COMIS was not used to todel the duct ;iiétem because

method of dealing with the duct leaks. In addition, many of
theseinterstitial spaces communicated indirectly with outside
(e.g., open tops of wall cavities) and so the duct leak airflow
may be to or from outside via these flow paths. There were
energy-use implications for this assumption, but for the
subject of changing envelope flows (and bearing in mind that
we are not modeling an individual building, just doing a para-
metric study) the assumption should be satisfactory.

Figures 2a through 2c illustrate the register and-duct leak-
age flows used in the simulations. In these figures, the indicated
register flows and envélope flows are totals for all four apartments.
Assuming the same fan flow pre- and post-retrofit and that the
post-retrofit supply flows are equal to the fan flow (0.84 kg/s
[1490 cfm]), the difference between pre- and post-retrofit
supply register flows (0.78 kg/s [1370 cfm]) was pre-retrofit
supply leakage to the basement (0.06 kg/s [120 cfm]). Simi-
larly, for returns, the difference between pre- and post-retrofit
register flows was the leakage from the basement (0.15 kg/s
[267 cfm]). The post-retrofit remaining difference between

the duct systems in these buildings'were complex and’ mostly
out of view and most of their characterlstlcs were unknown
Instead, the measitted register flows ‘were included as source
and sink terms for each apartment In addition, the basement
also iftcluded'source and sink'ternis for ledkage flows between
the basement and the ducts. SO :
The use of source and sink terms‘'made the’ register and
leakage flows constant throughout the simulations; It is possi-
ble that weather-induced pressures'may change system flows;
however, thé system pressures were between-one and two
orders of magnitude greater thanthe weather-induced-pres-:
sures. Lherelore; the wealherimpact onthe duct system {lows
was very small{on the order of 1% or less)::Given the uncer-
tainties in flow measurement and the parametric nature (rather
than case study) of the comparisons in this paper, it was
acceptable to assumethé forced aiisystem flows are constant.
.. The system leakage was split.between leaks from the
basement (that were sealed. by the retrofit). and leaks. from
outside (not repaired). The implied assumption used here was
that the .duct system leaks not from the basement are from
outside. Some of these leaks ¢ould have been to orfrom the
interstitial spaces in the building (fleor joist or wall stud cavi-
ties) rather than to-outside. Howeyer, without.any knowledge
of exact leak locations, the above assumption was the simplest
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supply and return register flows was return leakage from
outside that is unchanged by the retrofit (0.21 kg/s [378 cfm)]).
This return leakage flow from outside was the flow that must
be added to the.change in apartment envelope flows to obtain
the total infiltration for the apartment building.

The distributed leakage on the walls of the apartments
(discussed in the measurements section) was modeled in
COMIS by splitting the total leakage for the wall into ten equal
parts. These were then placed on the wall al len equally (verti-
grouped together for each section of floor or ceiling into a
single leak. The floor, ceiling, and walls were divided into
sections bounded by the edges of the zone they form. Each
room in the apartments acted as a zone, so that each apartment
had five zones: two bedrooms, a bathroom, a living room, and
a kitchen. Additional zones were the two hallways (one on
each floor) plus the basement, for a total of 23 zones. Combin-
ing all the zones. and the duet flows resulted in.about 400 flow
paths to be solved by COMIS.

The indoor temperatures used in the COMIS calculations
are fixed and are the same for every hour. Using the same
temperatures for all the calculations was done for simplicity
and because we are not simultaneously making heit transfer
calculations. ‘The apartments and hallways were at 20°C
(68°F). The basement was cooler at 10°C (50°F) because it is
unconditioned space and the field measurements made for this
study indicated that this was a typical temperature for base-
ments in the Wmter Large ‘variations in basement temperature
were found in the measurements because of different ventila-
tion rates for basements (cold ones had-open doors to outside,
for example) and different duct losses. Usiinsulated and leaky
ducts tended to “condition” the basement and make it warmer;
however, a typical value was usgd so as not to complicate (or
bias) the modeling by using extreme values.

For simplicity, the fan was assumed to operate all of the
time (i.e., no on-time werghtmg has been applied). It would
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have required a considerably more sophisticated analysis
(including a thermal analysis of the building) to determine
rractlonal on-times and wetgh the results approprlately ‘

' A

Wind Pressure Coefflclents and Weather Data

The wind pressure coefficients were taken from the 1989
ASHRAE Handbook—Fundamentals, chapter 14 (ASHRAE
1989), where wind pressure data are given every 45 degrees of
wind direction. These data were input to COMIS for use in
calculating wind pressures on the building. To account for
different wind pressures on each face of the building, the exte-
rior walls of each zone were treated separately for each face.

The weather data were taken from TMY files for Albany,
N.Y., and the city of New York. These two cities both had
different winter climates, with New York being 9.5°C (17°F)
warmer than Albany at 99% design conditions (ASHRAE
1997) but with higher wind speeds. The COMIS simulations
were performed for:each hour of the winter (December
through February) so that a wide range of temperature differ-
ences, wind speeds, and wind directions (and combinations of
all these) were reflected in the results rather than a few special
conﬁguratlons '

RESULTS . .

In the a’,’dalysis of the COMIS results, both the inflow
through the-building envelope-and the total building inflow -
including return duct leaks are"given. This separation was

.done because the impact of air infiltration changes on energy .

use of the building may be calculated two ways: ..

1. Ifaductefficiency model is used, the return leaks count as
areductlon in, drstnbutlon system efficiency .8 proposed
N ASHRAE Standard 152P [ASHRAE 1998] and Franc1sco
~and Palmiter [1998]) and the net change inenyelope flow is.
needed fo account for changes in infiltration. load. ThlS »
. prevents double countmg o,f the retum duct leak cffect

2. For basic infiltration load calculations, the: totahnoludmg
return leaks is required.. .

‘Fhe infiltration for all four apartments has been added :
togethetto obtain the total:infiltration into the apartments. In
the following discussion, the infiltration refers to flow into the
apartments or basement only. In the following tables; the infil--
tration rates in kg/s:are also/presentéd in terms.of air:changes’
per houri(ACH) by dividing by the apartmentior basement
volume andmr den51ty and multlplymg by 3600 s/h Rk

o i

CASE 1—Change in Envelope Flow Only

Table 2 and Figures 2a through 2c show-that the operation
of the duct system reduces’the infiltfation rates: hrough the"
building envelopet The reduction in envelope inflow was about
30% in the pré-rétrofit case‘and 22% in 'thé post-retrofit case.
The rétrofit, therefore, increased the infiltration ratc by ahout
8% compared to the pre-rétrofit case. This implies an‘inicrease
in infiltration l6ad for the apartments due to’the retrofit for this-
case; Table 2-dlso shows how the excéss return-leakage in the
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TABLE 2

Apartment and Basement Infiltration Rates for Wlnten Condltlons

basement in the pre-retrofit case increased the basement infil=-

trationrate. The basement had aslightly lower infiltration rate
in the post-retrofit case compared to no ducts because there are
no duct leaks in the basement and the apartments are pressur-
ized relative to the basement due:to remaining excess return
leaks from outside (resulting in greater supply than return
flows). Therefore, the basement had air flowing:into:it from
the apartments above, which acts to reduce its infiltration rate.
The apartment envelope inflow was higher in New York than

Albany because of the slightly more extreme chmate interms *

of windspeed.

CASE 2—Change ;n Total |nf|diﬁ; .
Including ‘Return Leaks

Table 3 shows that the leaky duct system’s net effect was
to increase total infiltration for the building. In addition, the
retrofit acted'to reduce this extra ventilation by about ane- -half.

Tad

Reduction in Apart- Reductlon in Apart-
, ment Infiltration Due | menit Infiltration Due
o " Basement All Apartments to Duct System - to Duct System
Location | Duct Configuration kg/s (cfm) [ACH] kg/s (cfm) [ACH] kg/s (cfm) [ACH] %
Albany No Ducts 0.04 (70) [0.38] 0.22 (390) [0.94] - : I -
Albany Pre-Retrofit .:0.06 (105) [0.61] 0.15 (265) [0.64] 007 (125)[030] | 32
Albany Post-Retrofit 10.03 (50) [0.34] 0.17 (300) [0.72] . 0.05(90)[0.23] - |.. 23
New York No Ducts 0.04 (70) [0.40] 0.25 (440) [1.09] RS K v

New York Pre-Retrofit 0.06 (105) [0.60] 0.18 (315) [0.78] 0.07 (125) [0.31] 28
New ,Yovrk""" ' Post-Retrofit 0.03 (50) [0.37] 0.20 (350) [0.85] 0.05 (90) [0.24] 20

Infiltration for Separate Apartments

The COMIS results have, also been analyzed on an apart-
ment-by-apartment basis, rather than the average overall four
apartments, as given in Tables 2 and 3. The standard deviation
of the average mﬁlt;rahon from apartmenr 0 anartment was
about 10%. This result showed that all the apartments have
similar infiltfation rates so that thére are n6 large imbalances
between apartments. A strong stack effect Would have made
the infiltration for the first floor apartments significantly

g,greateggthan for the,zﬁecond floor, apartments. Therefore, the

natural infiltration was dominated by wind effects (with the .
duct system off) and by the combination of the duct system and
wind effects when the system is operating. This result was also
significant because:it implies that on-time weighting would

*' not have changed the result due to: the weak dependence on

The leaks in the pre-retrofit duct system increased the-total -

building infiltration by about 125%, more gha,r,rdo_ubhr_lg the ~

infiltration. The additional infiltration was reduced to about

70% " by the basement leak-sealing retrofit. The. retrofit
reduced the infiltration rate by about d 6 ‘ACH compared tothe

pre-retrofit case.

'_outdoor temperature.

" Effect of Open Interior Doors

‘Open bedroom and bathroon? doois can act to reduce the
pressure differences generated by-rooms having supply or

. return registers only. To test for the magmtude of this effect,

COMIS was also run with these interior doors-open for Janu- -
ary in Albany. The net'effect was small, with only a 6% reduc-

TABLE 87
Apartmentlrmltratlon Rates for Wmter Condmons |nclud|ng Duet System Leakage FIows
AL cigarad Increase in Building | Increase in Building
TR B wa o © {v1All Apartments + Duct | Infiltration Due to Infiltration Due to
2 : w24 All Apartmeéntst * System Infiltration:* |- Duct System Duct System
_Location | Duct Configuration '} - Kg/s (cfm) [ACH] | ks (cfm) [ACIiII.. 7kefs (cfm) [ACHT" i~ B ¢
Atbany _No Ducts 0.22 (390) [0.94] - - b -
Albany Pre-Retrofit- 0.15 (265) [0.64] ~0.51 (900) [2-29.1,4.,' ~0.29 (510) [1.26] 135
Albany Post-Retrofit | - 0.17 (300) [0.72] 0:38 (670) [1.637 | 0.16 (280) [0.70] 74 0
New York No Ducts 0.25 (440) [1.09] i - -
New York Pre-Retrofit 10.18 (320) [0.78] - 0.55(970) [2:34] | 0:29(510) [1.25] 115
New York Post-Retrofit 0:20 (350) [0.85] 0.41 (720) [1.76] " 0.16 (280) [0.68] 62
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tion in total envelope flows with the doors open compared to
the above results with all interior doors clostd!

Effect of Leaky Basement

The following results are for the simulations with the
basement ten times more leaky.. The ‘major effects wei’é,

increased basement ventilation and a change in the flow:
through the basement ceiling (the floor of the first floor apart- .

ments). The leakier basement experlenced less pressurediffer-
ence across its boundaries because of its increased leakage 'to
outside. Table 4 shows how the operation of the duct system

in a leaky basement increased basement leakage, by about a :

factor of 4, “and reduced the infiltration rates into the apart-
ments, but only by about 5%. The reduction in infiltration was.

about 33% in the pre- retroﬁt case and 22% in the, Qost—retroﬁt )

case. The retrofit, therefore, 1ncreased the infiltration rate by
about 11% compared to the pre-rétrofit case, a slightly larger
change than for the less leaky basements d1scussed above

The total 1nﬁltrat10n flows, 1nc1ud1ng the system leakage, .

are shown in Table 5. Table 5 shows that the leaky basement
changed the infiltration rates by only a few percent compared
to the standard basement results shown in Table 3

Estimate of Changes to Building Heating Load

A sinnﬂc mcthod was applied here that used seasonal on-
time: weighted outdoor temperatures for New York of 0.5°C
(33°F) for outside air and a typical measured basement
temperature of 10°C (40°F) to estimate the energy losses asso-
ciated with the changes in envelope flow and the return duct
leakage. In each case, these results were relative to the build-

_ing with the system not operating.

Pre-retrofit, there'was a reductiqn in flow through the
envelope with an associated reduction in infiltration load of

~ 1400 W (4.8 kBtu/h). The return leak from the basement
-~ more than canceled this out, with an added load of 1500 W
(5.1 kBtu/h). The return leaks from outside added another

4200 W (14.3 kBtu/h) to the building load, for a net effect of
an increase of 4300 W (14.7 kBtwh). After sealing the base-
ment duct leaks, the envelope load was decreased by 970 W
(3.3 kBtu/h), withthe same4200 W (14.3 kBtwh) additional load
from outside, for a net increase in load of 3200 W (11 kBtu/h).
Note that this did not account for reduced losses due to sealing
the supply leaks or changes in:.conductive losses from the duct
system. . L VN
Recalculatlng these 1osses using the 99% design temper-
ature fromr ,ASHRAE.(1997) of —9°C (16°F) resulted .in an

FARNS £ A

b % TABLE 4 .
. W
‘ Apartment and Leaky Basement |nf|Itrat|on Rates for Winter Conditions
s YA
B RS S B gL Reduction in Apart- | Reduction in Apart-
- B ment Infiltration Due ment Inﬁltratlon Due
. B : - Basement - ::{;;; All Apartments to Duct System " to Duct S§stem
Location |: Duct Configuration kg/s (cfm) [ACH] kg/s (cfm) [ACH] - kg/s (cfm) [ACH] : %
Albany No Ducts 0.21 (370) [1.57] '%0.21 (370) 0. 90]“ Cpoanas o -
Albany Pre-Retrofit , . |  0.24 (420) [1.80], .- |,+:0.14 (250) [0: 58] . 0 07 (125) [o 32). 35
.. Albany Post-Retrofit 0.20 350y [1.53] . 0.16 (280) [0 70]“,‘ do 0 05 (90) [0 20] 2. -,
NewYork No Ducts 0:27 (480) [2 04] ¢ | 0.25(440) [LOS]. |+ B o b g .
New York Pre Retroflt _; 0 30 (530) [2 23] - 0.17 (300) [0 72] 0 08 (140) 0 33] ) o 32 }
New York .|, Post Retrofit. 0 27 (480) [2. 00] - VO 19 (335) [0. 83] 0 05 (90) [0 23] 21
TABLE 5
Apartment Infiltration. Bates for, Winter Condlt;ons Includmg Duct System Leakage Flows
A g ! . Increase in Bmldmg Increase in Bmldmg
s i TR PHRN Y YL e A_llA;partments+Duct Infiltration Due to Infiltration Due to
ey o i o All Apartmems( -+ System Infiltration,: | ;. « Duct System Duct System
Location Duct Configuratlon kg/s (cfm) [A(;H] n kg/s (cfm) [AQH] i v kg/s(cfm) [ACH] o, - 15, o)
" Albany NoDucts | 021 (370) [0.90] T R 1 '
Albany Pre-Retrofit 0.14 (250) [0 58] 0.50 (880) [2 15]- 0.29 (510) [1.241- . 138
Albany Post-Retroflt . 0;1<6 (280) [0. 70] 0.38 (670) [1. 62] 0,17 (300) [0.71] .- 79 .
New York No Ducts 0 ”'5 (440) [1. 05] - _ - . -
New York Pre Retrofit 0, l7 ( 300) [0. 7”] 0.53(930) [2.29] | |.© 0.29(510) [1.23] . ; 117~
New York Post-Retrofit, 0 19 (335) [0 83] 0.41 (720) [1.75}. | - 0.16 (280) [1.69] 66
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increase in load of 6400 W (22 kBtu/h) pre-retrofit and 4800 W
(16 kBtu/h) post-retrofit. Note that the basement temperature
used for these design condition calculations was 5°C (41°F) so
that it was halfway between indoor and outdoor conditions
(just as for the seasonal temperature calculations above).

To put these losses into perspective, the capacity of the
furnace (based on measured plenum temperatures and fan flow)
was about 40 kW (135 kBtu/h). Assuming 60% oversizing gave
an apartment building load of about 25 kW (85 kBtu/h). There-

fore, the infiltration losses due to the duct system represented
about 26% of the load on the building (pre-retrofit) and
consumed about 16% of the system capacity at design condi-

tions.

SUMMARY AND CONCLUSIONS

Field measurements in eight apartmentbuildings in New
York State were used Lo characlerize a protolype building for
use in COMIS simulations. The prototype building had a floor
plan and duct layout based on typical duct systems. The regis-
ter and duct leakage flows were based on the average of
measured flows {rom the field study. The prototype building
was used in the COMIS multizone infiltration model to calcu-
late hourly infiltration rates in New York City and Albany,
New York. The effects of the duct system operation were
determined by averaging infiltration rates for the winter
months (December, January, and February). Three cases were
simulated: no duct system, pre-retrofit duct flows, and post-
retrofit duct flows. The difference between the pre- and post-
retrofit duct flows was that the post-retrofit case had no duct
leakage to or from the basement.

The simulation results show that the duct system leakage
results in reductions in flow through the envelope (by up to
30%). However, if the relurn leaks are included to obtain the
total inflow of outside air into the building, the operation of the
duct system more than doubles the infiltration rate. After the
basement duct leakage was sealed, the extra infiltration was
approximately halved to about 70% of the infiltration with the
system off. Increasing basement leakage or opening interior
doors did not havc a significant cffect on the added infiltration,
and neither did the change in climate from New York to
Albany.

These large changes in infiltration rate significantly
tncreased the winter infiltration heating load for these build-
ings by about 26% at design conditions (reduced to 19% by
sealing basement duct leaks). Note that this load increase was
for infiltration only and does not inctude the effects of supply
duct leakage or conductive losses from the ducts.

ACKNOWLEDGMENTS

This work was supported by the Assistant Secretary for
Conservation and Renewable Energy of the U.S. Department
of Energy, Office of Building Technologies, Existing Build-
ings Research Program, under Contract No. DE-ACO03-
76SF00098.

The research reported here was supported by the New
York State Energy Research and Development Authority.

REFERENCES

ASHRAE. 1989. 1989 ASHRAE Handbook—Fundamen-
tals. Atlanta: American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers, Inc.

ASHRAE. 1997. 1997 ASHRAE Handbook—Fundamen-
tals. Atlanta: American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers, Inc.

ASHRAE. 1998. Proposed ASHRAE Standard 152P.
Atlanta: American Society of Ileating, Refrigerating
and Air-Conditioning Engineers, Inc.

Cummings, J.B., J.J. Tooley, M. Moyer, and R. Dunsmore.
1994. Impacts of duct leakage on infiltration rates, space
conditioning energy use, and peak electrical demand in
Florida houses. Proc.1994 ACEEE Summer Study, Vol.
9, pp. 65-76.

Feustal, H.E., and A. Raynor-Hoosen, eds. 1990. Fundamen-
tals of the multizone airflow model-—COMIS. AVIC
Technical Note 29. Coventry, U.K.: Air Infiltration and
Ventilation Centre (International Energy Agency, Annex
5).

Jump, D.A,, L.S. Walker, and M.P. Modera. 1996. Field mea-
surements of efficiency and duct retrofit effectiveness in

residential forced air distribution systems. Proc. 1996
ACEEE Summer Study, vol. 1, pp. 147-155.

NYSERDA (New York State Energy Research and Develop-
ment Authority). 1994. Simplified blower door tech-
niques for multi-family buildings.

Palmiter, L., and P. Francisco. 1996. A practical method for
estimating the thermal efficiency of residential forced
air systems. Proc.1996 ACEEE Summer Study, vol. 1,
pp. 177-18S.

Walker, 1.S., M.P. Modera, A. Tuluca, and I. Graham. 1996.
Energy effectiveness of duct sealing and insulation in
two multifamily buildings. Proc.1996 ACEEE Summer
Study, vol. 1, pp. 247-254.

CH-99-14-2



