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ABSTRACT 

Researchers, for some time, have been working on the problems of meas

urement and modeling of infiltration in residential structures. Basic 

research, however, has been hampered by the lack of long-term data from 

a fully-instrumented, full-scale structure. The Mobile Infiltration 

Test Unit (MITU) was designed and built at the Lawrence'Berkeley Labora

tory (LBL) to meet such a need. MITU spent the 1980-1981 winter in the 

field collecting the data required for infiltration modeling. This data 

includes: measured infiltration rates, surface pressures, wind veloci

ties, indoor and outdoor temperatures, leakage area and leakage distri

bution • 
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MOBILE !FILTRATION TEST UNIT (MITU) TRAILER 

MITU1 is a commercially available construction-site office trailer that 

was modified and instrumented by researchers at LBL. Illustrated in 

Figure 1, MITU is a portable self-contained test structure designed to 

perform extended infiltration field studies in a variety of climates, 

allowing complete control of building parameters and site parameters. 

It is instrumented to provide for validation of both long-term average 

and hour-by-hour infiltration-model predictions. The trailer is also 

designed to test various components of the model individually (i.e., 

translation of airport wind data into wind at the structure, reduction 

of wind-induced pressures due to localized shielding, etc.). 

MITU is a wood-frame structure, 4.9 meters (16 ft) long, 2.4 meters (8 

ft) wide, and 2.4 meters (8 ft) high. It contains both heating and 

cooling systems and requires only electrical power from each site. The 

walls and floor of the trailer contain a total of sixteen window open

ings that can be fitted with interchangeable calibrated leakage panels 

for controlling total leakage, leakage distribution, and leakage type 

(i.e., narrow cracks, large holes). The trailer shell is sealed with a 

continuous vapor barrier, and perforations are caulked with silicone 

sealant to minimize the leakage. The leakage of the panels and the 

trailer shell are determined with a specially designed fan pressuriza

tion system that fits into one of the window openings and measures air 

flow using an orifice plate. 

Air infiltration, weather data, and surfa·ce pressures -are sampled, 

reduced, and recorded on floppy disk by a Z-80 microprocessor-based com

put.er. 

-Xhis work was funa,ed by ·the Asst.;atant Seereta~y f.or Con•servatton and 
Renewable Energy, ·Office ·of Bu11ding,s and ,Community ,Sy.s:tems, ;Buildings 
Division ·of the ~U-.S. De_partment ·of Energy under 'Contrae·t =No. :w.:7.t.O'S
ENG-48. 
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Air infiltration is monitored with the Continuous Infiltration Monitor

ing System (CIMS) developed at LBL.2 This system computes and stores 

half-hour average infiltration rates. 

Windspeed and wind direction are measured at two heights, 5.5 meters (18 

ft) and 10 meters (33 ft) above the ground. The sensors are mounted on 

collapsible weather towers that are permanently affixed to the rear of ~ 

the trailer. Outdoor temperature is monitored by a sensor mounted 7 

meters (23 ft) above the ground. Speeds, directions and temperatures 

are checked every 10 seconds and recorded on disk as half hour averages. 

Surface pressures from 82 taps located on the walls, floor and ceiling 

are measured with differen'tial pr.e.s.sure .transducers. 'Taps .are opened 

and closed by computer-controlled solenoid valves. During sampling, 

each tap is kept open for ten seconds. The pressure signal, sampled 40 

times per second, is electronically filtered using a one-second time 

constant in order to eliminate any ringing in the pressure lines due to 

.solenoid operation. The pressures are monitored with pressure transduc

ers on six levels. Four of the transducers are on the walls at 0.23m 

(0.75 ft), 0.90m (2.95 ft), 1.57m (5.15 ft) and 2.24m (7.35 ft) above 

the floor of the trailer, while the remaining two transducers are for 

the ceiling and floor. All pressures, including inside pressure (meas

ured with an additional transducer), are measured relative to a pressure 

reservoir that c~unicates with indoor pressure with a two minute time 

constant. This system allows for direct measurement of stack-induced 

pressures and the height of the neutral level. The zero of each trans

ducer is checked every thirty minutes and subtracted from the surface 

pressures, which are then stored as thirty-minute averages. 

lJWCAGE.MODELS 

The .most. impo:r~tant .fac·tor :for ·aetermi:td:pg .natural :lnfil;tration 'i;s ·.the 

t'esi.s,tance cOf .:t'he :building ,s·hel'l to .air ~flow,. /the :flow Tesl•statlce, ''O.r 

leakage_, is -measured Wf.:th a lteehntq·ue ·i:.m'own .?lis 'fan :pr~-ssurJ.:za:tion.. :a'his 

.l·nvol ves :pressur.i:Zi:og .. and .de:pressuri:zl:og :the ,s:tructur.e .to ·mown pressure 

det-ermine :the ;curve ·rel~tlog ,,:t'he...:.l)tle'Ssure ,~ar-op c:aer.oss the envel:o·pe ;to 

.. the flow ,tba·t .l;t induces, ·:t~he ~f1owa :at ~each :Pressure differential ar,e 



plotted on log-log paper. In the pressure region used (10 to 60 Pa) 

the data generally form a straight line; i.e., the data are well 

represented by the empirical (power fit) relationship: 

where 

Q is the volume flow rate of the fan [m3/s], 

K is a constant, 

~ is the absolute value of the pressure drop across the 

building envelope [Pa], and 

n is an exponent in the range 0.5 < n < 1.0. 

(1) 

Researchers at LBL characterize the flow resistance of the cracks and 

openings in the building shell in terms of the effective leakage area. 

The concept of effective leakage area approximates flow resistance using 

square-root flow; i.e., it assumes that the flow through the apertures 

in the building shell is similar to orifice flow, where the flow rate is 

proportional to the square root of the pressure drop across the opening. 

This implies that the flow through the building shell can be represented 

by: 

where 

~ is the pressure drop across the building shell [Pa], 

L is the effective leakage area [m2], and 

p is the density .of air [kg/m3]. 

(2) 

To use fan pressurization data to determine leakage area, the flows in 

Equations 1 and 2 are equated at a refer·ence pressure: 

1 
L •K lo.(A,p )n-2 

\j2 r 
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where 

K is the graphically determined cons~ant, 

L is the effective leakage area [m2], , is the density of air [kg/m3], and 

Mr is the reference pressure [Pa]. 

The reference pressure we have chosen, 4 Pa, is typical of weather

induced, infiltration-driving pressures. 

MITU FIELD TRIP 

The Mobile Infiltration Test Unit was stationed in Reno, Nevada for the 

past winter (December, 1980 -March, 1981). The site was chosen for its 

low temperatures, high winds, and lack of shielding from the wind (see 

Figure 1). During the four-month period, data was collected under a 

variety of conditions; the quantity, shape and distribution of leakage 

area were varied, as well as the orientation of the trailer on the site. 

INFILTRATION FROM SURFACE PRESSURES 

The measured infiltration rates and surface pressure data collected dur

ing the MITU field · trip can be used to compare the hypothesis of 

square-root flow to the more exact power-fit leakage model. Since the 

location and flow characteristics of all of the leakage sites are known, 

measured surface pressures can be used to predict the flows in and out 

of the trailer shell. We made these predictions using our square-root 

flow leakage model (see Equation 2), and using the 

model (Equation 1) with a flow exponent of 0.65. 

0.65 was chosen .f·or two .reasons: .the measured flow 

power fit leakage 

A flow exponent of 

exponents for the 

leakage panels were between 0.6 and 0.7; additionally, 0.65 is the 

quoted ,fJ.,ow exponent in many leakage ·studies. Figures 2 ana 3 are plots 

.of :measured infiltration, infiltration predic~ted by square-root flow (n• 

'0.'5), ~and ·:i.nf:i:l.·tratlon ;pre·dic~ted with a 0.65 flow exponent. The flows 

are 'Calculated ..assuming ·a ·normal (Gaussian) .pr.essure diStribution over 

time,, using measured ·mean ,pressures ·and ·standard deviations. Inflltra-

~tl.on :.is ·.det.ermlned :by .integrating flow times the probability density 

:funct:ion between .:zeJ:o .and positive infini-ty, while exfiltra.tl.on is 

·:de.termined ,by 'integ:rating between .negative .infinity and zero. The 

-.4-
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plotted curves represent the average of predicted infiltration and 

predicted exfiltration. In Figure 2, both square-root and power fit 

predictions track measured infiltration quite well. As one might 

expect, the flows predicted with a flow exponent of 0.65 exceed square

root flows at high infiltration rates (high pressure differences), and 

are lower than square-root predictions at low infiltration rates (low 

pressure differences). In general, at pressure differences below 4 Pa 

(the pressure at which leakage area is determined), square-root flows 

will be higher, while above 4 Pa, power fit (na0.65) flows will be 

higher. Despite these differences, the square-root and power fit models 

give very similar results over the course of the test. Although 

square-root and power-fit predictions show good agreement in Figure 3, 

they both underpredict considerably during the high infiltration periods 

near the end of the test. A possible explanation is suggested when one 

examines a plot of wind direction over the course .of the test. During 

the entire period of underprediction, the wind direction varies between 

thirty degrees east and thirty degrees west of north. Wind tunnel stu

dies of pressure coefficients on structures with similar aspect ratios 

have shown that for winds from these angles, the pressure coefficients 

change sign as one proceeds along the east and west faces. 3 Since the 

measurement system physically averages the pressures across a given 

face, it will sum positive pressures with negative pressures, resulting 

in an underprediction of pressures and therefore flows. 

Although they should agree, the average predicted infiltration and 

exfiltration disagreed by as much as 25% for many data sets. One cause 

could be an offset in the measured pressure differences, possibly caused 

by stack effects in the vertical lines connecting the pr.essure reservoir 

to the pressure transducers. By adding a uniform pressure offset to the 

measured pressures i't was found that a 0.1 to U. 3 ··pa offset (cor.respoild

ing to a few degrees C temperature difference) resul-ted .in flow equali

zation for all data sets. Alt·hougb the d:ifference b·etween J;nfiltra·tion 

and exfil:tration wa·s ·signi'ficantly affected by the pressure offse:t, 1:he 

average value did not change. 
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INFILTRATION MODEL 

A residential infiltration model has been developed at LBL4 ' 5 using the 

concept of effective leakage area. It uses building and site parameters 

to make infiltration predictions from available weather datao The model 

was specifically designed for simplicity; that is, precise detail was 

sacrificed for ease of application. The functional form of the model, 

along with some important assumptions, is presented below. 

The basic form of the infiltration model is: 

(4) 

where 

Q is the infiltration [m3/s], 

L is the effective leakage area 2 
[m. J' 

AT is the indoor-outdoor temperature difference [K]' 

fs is the stack parameter [m/s/K112], 

v is the wind speed, and 

fw is the wind parameter. 

In this expression, fw and fs, the wind and stack parameters, essen

tially convert the wind speed, v, and the indoor-outdoor temperatur-e 

difference, Ax, into equivalent pressures across the leakage area of the 

house. The terms inside the square root actually have the units of 

velocity squared, i.e., pressure over den-sity. The wind and stac:k 

parameters are weather independent quantities that depend upon the dis

tribution of leakage area, the degree to which the house is shielded 

from the wind, and some geometrical .par~eters. 

INFILTRATION MODEL VALIDATION 

Half-hour average infll:tration predlc:tions were ma<ie for ·34 ·days •o.f data 

from the ·MITU field trip, ·uslng weathe.r da,ta and ,appropria·te val:ues ·-~fo.r 

·each of ·the model parameters. ·A ctnlpat:t 1ile'thod of <:di,splaytng·::thia ~la-rge 

.data set is -with a his;togram ·o£ t:he ·rati"o ·of -predlc'ted-:t~'""lDeti'lJttted 

infiltration; Figure 4 shows the distribution ·of 'this ~rat1·o. 
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From this (log-normal) histogram we find the geometric mean ratio to be 

1.17 with a spread of 1.34. Thus the ratio will be 17% off - on average 

- and will be between 0.87 and 1.57 about 2/3 of the time. Given this 

scatter in the data we find that the mean ratio is consistent with 

unity, and the expected error for half-hour averages is 17%. The aver

age predicted infiltration for this data set (1600 measurements) was · 

34.4 m3/hr, while the average measured infiltration was 32.5 m3/hr. 

These two numbers differ by about 5%, indicating that a long-term aver

age of predicted infiltration will match measured infiltration better 

then a series of short-term comparisions. 

Although the .hi.stogram is useful for presenting the entire set, a plot 

of measured and predicted infiltration against time provides information 

about the tracking ability of the model. Figure 5 is a plot of air 

infiltration rate vs. time for a three-day period and Figure 6 displays 

the results of a four-day test using a different leakage configuration. 

In both figures, the model predictions track measured infiltration quite 

well. Although the infiltration rate changes by a factor of ten over 

the course of the four-day test, the model falls short only at some of 

the higher infiltration rates. Both plots show a slight overprediction 

at lower infiltration rates. These results encourage using the model to 

provide short-term infiltration predictions in situations that require 

hour-by-hour infiltration m~asurements, e.g., measurement of the thermal 

characteristics of buildings, indoor air quality tests, etc. 

The data sets plotted .in F.igure.s 5 and 6 correspond to the same dates as 

Figures 2 and 3, respectively. Comparing Figures 2 and 5, the average 

flow rate predicted by the infiltration model agrees remarkably well 

with the square-root flow predic.tion .f.rom measured .pressure differences. 

A ,ccaparison -of Figures .3 and ·6 r·eveals some interesting discrepancies. 

At .Qigh infil;t.ra.tion rates, .the infiltration model tracks the measured 

f~ow .r:ate :qui,te well,, ,ye·t bo'th .square-:root and power .fit flows under

:pr:edi·et: .eouider.ably.. 'The .elose :.agreemett't of lnfiltrat'ion model predic

l:ions wit·h measur.ed inflltra•.tion rates .suppor.u the ·earlier 'hypothesis 

.of pr.es.sure measur-emen:t system lnaccu:ra-cle.s as the cause of these 

underpredietions .• 
-7-



CONCLUSIONS 

The Mobile Infiltration Test Unit has been an excellent source of field 

data, allowing us to carefully examine the problems associated with 

infiltration in residential structureso Comparisons of measured infil

tration rates with values calculated from surface pressures have shown 

no decrease in accuracy when a square-root flow model is used instead of 

the general power-fit model of leakage. We therefore conclude that the 

square-root flow leakage model is preferable to a power-fit model, 

because of its direct physical interpretation. 

The measurement ~esults have clearly demonstrated that great care must 

be taken when making surface pressure measurements: temporal and spatial 

pressure averaging can lead to significant errors in infiltration pred-

ictions. Additionally, very small temperature differences in the pres-

sure measurement system can cause large apparent disagreements between 

infiltration and exfiltration. Combining these difficulties with the 

successful predictions of the LBL infiltration model,, we conclude that 

the determination of infiltration from surface pr~ssures has provided 

both a validation of the LBL model, as well as a justification for the 

use of predictive infiltration models. 

REFERENCES 

1. .Blomsterberg., .A. K., Moder.a., M .• P •. , Grimsrud, D.T.. 1981. The 

mobile infiltration test unit-- Its design and capabilities: 

.Preliminary .experimental results. Lawrence Berkeley Laboratory re

port, LBL-12259. 

2. ··She~an, M. :a., :Gr1msrud, ·n. :T., ;'Sm:i.th, .B. v .. 1980 .• .Ai.r infil

tra:ti.on measurement ~techniques. Proc. of the ls t AIC Conf. , Lon

.,don. 

3.. Bowen, <A. .'J.-.. 1976,. A ·wind :tunne·l 1nvestigatron us.ing simple 

·:bulldl.ng -mOdel's to ·Obtaln mean :.surface 'Wind .pressure ·coefficients . 

fo·r =ai't' ·:ttrfiltt'a·titJn -~eatctmate'S. .·Na't. Re·aearch 'Couneil, ·Canada, 

'.Nat.·• ·Aero. ~Eatab·. ··tech. 'ReP·· 'LPR..;;LA~2:o9. 
-.a-



4. Sherman, M.H •• 1981. Air infiltration in buildings. 

Berkeley Laboratory report, LBL-10712). 

(Lawrence 

5. Sherman, M.H., Grimsrud, D.T •• 1980. The measurement of infiltra-

-tion using fan pressurization and weather data. Proc. of 1st AIC 

Conf., London. 

-9-



• 

BPC 814 - 395E' 

Pigure 1 . Mo bil e Infiltrati on Test Unit in Ren o, Pevada , 
t es t site. 

- 10 -



75 

§ 59 .... 
~ 

0 
'
~ -.... 
<+c 
- 25 

Starting Date 12/96 Meaeur-ed Avg • 28. 4 
'-dsat.d • 5 Avg • 28. -4 MITU 
'-dsat.d • 85 Avg • 2-4. a 

B ~~~~~~~~~~~~~~~~~~~~~~~~*+~*+~~ 
B 4 8 12 16 29 B 4 8 12 16 2B B 4 

Time of day 
8 12 16 2B B 

XBL 818-11003 

Figure 2. Plot of measured infiltration and infiltration 
predictions from sufface pressures vs. time: 
three-day test in MITU. 

-11-



250 

§150 .... ...., 
a 
'-...., I 

:::: laa 
~ c -

50 

Maaeurad Avg • Ell!. 8 
Pt-.dln-1 • 5 Avg • 4& 8 
Pt-.dln-1 • 85 Avg • .U. 8 

MITU Starting Data 02/21 

·a 4+~~~~~.w~~~~~~~~~.w~~~~~~~+WTW~~~~~ 
a 6 12 18 a 6 12 18 a 6 12 18 a 6 12 18 " 

Time of day 
XBL 818-11005 

Figure 3. Plot of measured infiltration and infiltration 
predictions from surface pressures vs. time: 
four-day test in MITU. 

-12-

r 

..,. 



I 
~ 
w 
i 

458 

""' 
951 

jw 
j251 
4- 281, 
0 

Jist 
::z: 

Uti 

51 

i 

.- .. 

. Averaging MITU Geomelric mean= 1.17 
29 

26 

24 
inlerval = .5 hr ( 1 pl.) Spread faclor 

r-r 
r- t-

' 
r- t-

1-
t-

r- 1-
r t-

t-

A lh-n 
.. 2 • 5 1 2 

Predicled/Measured lnfillration 

= 1.34 
1-

. 

5 

22 Ol 
~ 

28 5i 
'-

19 5 
0 
0 

16 0 -0 
14 ~ 

...... 
12 4-

0 
18 -a,) 

c 
9 ~ 

'-
6 ~ 

4 

2 

a 

XBL 819-1982 

Figdre 4. Histogram of predicted infiltration/measured infiltration for 34 days 
of data from MITU. 

.:.J 



71 

\ 

~~ if 
~~~~~~~~~~~~~~~~~~~~~~~~~~ .. ~~~ 

I ~ 8 ~ ~ ~ I ~ 8 ~ ~ ~ I ~ 8 ~ ~ ~ I 

Time of Day 
X-BL 818-11004 

Figure 5. Plot of measured infiltration and infiltration 
model predictions vs. time: three-d·ay test in ~ITV~ 

-:14-



f 
..... 
vl 
i 

• f( 

259 • II I illi 11.11111 I IIIII I 1111111111111111111 II II I 11111 I I Ill I I I Ill I I I I 11111111 I I I I I I Ill I II II I II I I I I II 

':- Maaeured Infil~ra~ion 
. 1: ·•··••·•· T o~al Predic~ed 

225 

299 
ffl 

-~·175 
G) 

X ' ,, m151 x 
""""' 
t: 125! 
0· .,..., 
~ 
0 U"l '-4) 

........ 
t; 75 

£: 
........ 

59 

25 

... 1 

i 
.f 
ii 

A 
:: 
=~: . . . . -.: . A 

9 ' I I 1· I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

" 6 12 18 " 6 12 18 " 6 
Time of Day 

12 18 " 6 12 18 " 

XBL 814-9343 

Figure 6. Plot of measured infiltration and infiltration model predictions vs. 
time: four-day test in MITU. 



''I 

This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



- __,._ 

TECHNICAL INFORMATION DEPARTMENT 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

.._,......,. 


