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~ind is one of the key environmental variables that drives energy loss 
processes in small (reSidential-scale) buildings. The major influence 
of the wind is observed in infiltration. the random leakage of outsiJe 
air into th~ conditioned volume of a building. A model, developed by 
the authors. tbat predicts infiltration from both wind and temperature 
influence to within 20% will be presented. A comparison is mode between 
the predicted and the measured infiltration from a full-scale test 
structure, revealing an average discrepancy of less than 10 m3/hr (out 
of an average of approximately 150 m3/hr). Direct measurements of the 
wind velocity and pressure coefficients induced by the wind on the 
full-scale test structure are also presented. 

This work WaS supported by the Assistant Secretary for Conservation 8nd 
Renewable Energy. Office of Building En~rgy Research and D~velopment. 

Building Systems Division of the UoS. Department of Energy under Con­
tract No. DE-AC03-16SF00098. 
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MOBILE INFILTRATION TEST UNIT (MITU) 

MITU' was built using 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 struc­
ture designed to perform extended infiltration field studies in a 
variety of climates, allowing complete control of building and site 
parameters. It is instrumented to assist with 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 indivi­
dually: it translates airport wind data into wind at the structure, 
reduces wind-induced pressures due to localized shielding, etc. 

MITU is a wood-frame structure, 4.9 m (16 ft) long, 2.4 m (8 ft) 
wide, and 2.4 m (8 ft) high. It contains both heating and cooling sys­
tems and requires only electrical power at a site. The walls and floor 
of the trailer contain a total of sixteen window openings that can be 
fitted with interchangeable calibrated leakage panels for controlling 
total leakage, leakage distribution, and leakage type (such as narrow 
cracks or ~arge holes). The trall~r shell is sealed with- a continuous 
vapor barrier, and perforations are caulked with silicone sealant to 
minimize leakage. The leakage of the panels and the trailer shell are 
determined with a specially designed fan pressurization system that fits 
into one of the window openings and uses an orifice plate to measure air 
flow. Air infiltration, weather data, and surface pressures are sam­
pled, reduced, and recorded on floppy disks by a Z-80 based microproces­
sor. 

Air Infiltration 

Air infiltration 1s monitored with the Continuous Infiltration Moni­
toring System (ClMS) developed at LBL.2 This system computes and stores 
half-hour average infiltration rates. 

This work was supported by the Assistant Secretary for Conservation and 
Renewable Energy, Office of Building Energy Research and Development, 
Building Systems Division of the U.S. Department of Energy under Con­
tract No. DE-AC03-76SF00098. 
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Wind Speed and Wind Direction 

Wind speed and wind direction are measured at two heights, 5.5 m (18 
ft) and 10 m (33' ft;~ above:-the ground. The sensors are mounted on col­
lapsible weather tbwer~~th~t are permanently affixed to the rear of the 
trailer. Outdoor temperature is monitored by a sensor mounted 7 m (23 
ft) above-the ground. Speeds, directions, and temperatures are checked 
every minute and recorded on disk as half-hour averages. 

Surface Pressures 

Surface pressures from 82 taps located on the walls, floor, and 
ceiling are measured with differential pressure transducers. Taps are 
opened and closed by computer-controlled solenoid valves. During sam­
pling, each tap is kept open for two seconds. The pressures are moni­
tored with pressure transducers 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 on the ceiling and floor. All pressures, including 
inside pressure (measured with an ~dditional transducer), are measured 
relative to the static pressure in the wind. This system allows direct 
measurement of stack~induced pressures and the height of the neutral 
level. - -The zero of each transducer is checked every half-hour and sub­
tract~d from ihe surface pressures, which are then stored as thirty­
minute averages. 

The static pressure in the wind is measured using a static pressure 
probe which' was designed. built. and _ calibrated by David Wilson of the 
r~echarli'c·a-l 'Engineering Department of the University of Alberta in Edmon­
ton, Canada." - The probe is relatively insensi ti ve to horizontal wind 
dir~c;ion. having a pressure coefficient of 0.07. It is also insensi­
tive . to the vertical component of the wind within ten degrees of the 
horizontal. Using the static pressure in wind allows us to measure the 
external (and internal) pressure coefficients as well as the outside­
inside pressure differences. 
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INFILTRATION MODEL 
.' ).. ".' 

The residential infiltration model developed,at LBL3-? uses the con­
cept of effective leakage area along with building and site parameters 
to make infiltration predictions from available·· weather· data. The model 
was speci fically designed for simplicity; precise. detail was sacrificed 
for ease of application. The functional form of the model, along with 
some important assumptions; is presented below: 

(1) 

where 
Q is the infll tration [m3 Is], 

L is the effective leakage area [m2], . 

DJ is the indoor-outdoor temperature difference [K], 

f s is the stack parameter [m/s/K 112],' 

v is the wind speed, and 

fw is· the wind parameter. 

In this 
the wind 

expressiori fw and fs' the wind and stack parameters, ~~nvert 
speed v and the indoor-outdoor temperature 'difference [:§'into 

equivalent pressures across the leakage area of the house, as defined in 
the references. (The terms inside the square root have units of velo- ~ 

city squared. that is, pressure over density.) The wind and stack param­
eters are weather-independent, depending upon the distribution of leakage 
area, the degree to which the house is shielded from the wind, and 
building height. Typical values for the stack and w.indparameters, j'or '. 

,.. ...' !. , .• '. 

an average single-story, single-family dwelling are Aiven-~elow: 

fs = 0.120 (2. 1) 

fw = 0.123 

For buildings that are more (less) exposed to the wind, the wind parame­
ter may increase (decrease) by as much as 50%. In the same way, a 
structure with large vertical distance between leaks in the envelope 
will have a large stack parameter. 

Before expressions for terms f and f can be given, two additional s w 
quantities must first be introduced; the fraction of the total leakage 



4 

in the floor and ceiling divided by the total, R: 

R = 

The fractional difference between the ceiling leakage area Let and floor 
leakage area Lf is called X. 

x = (4) 

The stack parameter is expressed in these terms as well as by the 
acceleration of gravity g [9.8 m/s2] and the absolute indoor temperature 
T (295 K]: 

f s = j (, +~) 

where 

I­
I 

11 -
I 
I.,. 

"",3/2 
X2 : 

I 

(2 - R)~ 

R is the vertical leakage fraction, 

i H -: 1/2 
,g SI 
1--1 
, T , 
I.,. ..J 

X is the ceiling/floor leakage difference. 

(5) 

Hs is the height from the lowest to highest leakage site [m]. 

The wind parameter is also expressed In 
includes the shielding coefficient 
parameters a and Y (see Table 2 ): 

these quantities but further 
et (see Table 1 ) and the terrain 

where 
" .. I 

C 

R 

!:, ah • Yh 
H 
'W 

, am' .Ym 
Hm 

is the shielding coefficient for the house site, 

is the fractional horizontal leakage area, 

are terrain constants for the house. 

(6 ) 

,is the .. height from grade to the top of the living space [m], 

are terrain constants for the wind measurement site, and 
is the height of the wind measurement site Em]. 
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Because in most buildiqgs the lowest leak is near grade level and. 
the highest leak is near the ceiling, we can assume that the stack 
height and wind height are equal: 

Although there are special cases in which the distinction between stack 
height and wind height is important. we generally ignore it and use the 
definition of wind height as the operational definition of the height of 
the structure. 

The wind pressures on the surface of a building depend upon both the 
terrain class and the shielding class of the structure. Most airport 
wind-speed measurements are made in terrain class II, while most houses 
are located in terrain classes III or IV. The values of cr and Y for 
standard terrain classes are presented in Table 1 below. 6 

Table 1: Terrain parameters for standard terrain classes. 

Class Y Description 
I 

.1 
I 

I 

II 

III 

IV 

V 

0.10 

0.15 

0.20 

0.25 

0.35 

1. 30 

1. 00 

0.85 

0.67 

0.47 

Ocean or other body of water with a~ 
1 

least 5 km of unrestricted expanse. I 
I 

Flat terrain with some isolated obs~ 
I 

tacles (e.g. buildings or trees wel~ 
separated from each other). 

I 
1 

Rural . areas with low 
trees, etc. 

buildings .: 

Urban, industrial, or forest areas. 
I 
I 

Center of large city (e.g. 
tan) • 

Manhat.., 

Terrain effects are primarily large-scale effects· caused by the 
roughness of the boundary layer in the region surrounding the structure; 
they determine the (height) profile of the wind. To find the wind speed 
at the site, the meteorological wind speed is corrected using both the 
terrain classes of the site and the weather station: 
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(8) 

where 

Vo is the locai wind speed [m/s]. 

Shieldiqg and Pressure Coefficients 

While terrain effects primarily concern widespread effects on the 
boundary layer, shielding is a local phenomenon. Shielding produces 
mi tiga'tion of wind pressure by obstructions in the immediate surround­
ings of the building, such as foliage, fences, or other buildings. In 
this sense the generalized shielding coefficient, which is a macroscopic 
property of the entire building, is very closely related to the external 
pressure coefficients, which relate the pressure rise on the face of the 
building to the dynamic pressure of the wind: 

(9) 

where 

C. is the pressure coefficient on the lth face, J 
Pj is the rise in static pressure on the lth face [Pa] , and 

~ is the density of air [ 1. 2 kg/m3]. 

There is also an inside pressure coefficient Co. which relates the 
change in interior pressure to the wind speed; it is defined as above. 

We can use pressure coefficients to calculate the wind driven infil­
tration. The flow through each crack will be proportional to the square 
root of the pressure across it, which will be proportional to the pres­
sure coefficient. Because there will be both infiltration and exfiltra­
tion, which should balance, we estimate the total flow by taking an 
average of the infiltration and ex filtration summed over each face of 
th~ structu~e: 

~ind (10) 



where 

is the wind pressure induced infiltration [m3/s] and 

is the leakage area of the lth site [m2]. 

7 

If we compare this expression to the wind-generated part of our 
infiltration expression we find the following relation: 

L C' ( 1 - R )1/3 ::: 1/2 I 
j 

C. - C : 
J 0: ( 11) 

For the special case of the leakage area being evenly distributed around 
the walls, we can solve for the generalized shielding coefficient: 

C' ::: 1/2 

where ,... .... 

I- ... I _____________ I 

I , 
I I 

, \' 
L.. I 

I 
..J 

, , 
, ••• , indicates a spatial average. 
'- ..J 

This equation and boundary-layer wind-tunnel data fqr an 
structure7 were used to ·calculate the sh-ielding coefr"icient. 

below. 

(12) 

isolated 

The least shielded case, shielding class I. corresponds to a build­
ing isolated from any obstructions that might affect the wind pressures. 
The most shielded case, shielding class V, corresponds to a highly cong­
ested area with almost no direct wind exposure; the pressures on ~he 

building are dominated by turbulence. Our experience has shown. that 
urban areas most typically have class IV shielding; suburban areas gen­
erally have class III shielding; and rural areas usually have class II 
shielding. 

MEASURED DATA 

Although MITU has been on station in Reno, Nevada, for the winters 
of 1980-1981 and 1981-1982, we concentrate our attention on a ten-day 
period in late March and early April, 1982. The wind during the period 
from March 27 through March 29 and April 2 through April 5th was quite 
strong and reasonably steady, affording good measurements of the pressure 
coefficients and other wind-induced effects. MITU was positioned so 
that its long axis was aligned with north. (The long axis is 16 ft; the 
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Table 2: Generalized shielding coefficient vs. local shielding. 

.shielding Class C' Description 
I 

I 0.324 No obstructions or local 
(i.e. isolated building). 

shielding whatsoeveri 

I 
I 

II 0.285 Light local shielding .. with few obstructions: 
(e.g. a few trees or a shed in the vicinity). 

I 

III 0.240 Moderate local shielding; some obstruction~ 
I 

within two house heights (e.g. thick hedge 011 
fence and nearby buildings). 

I 

IV 0.185 of. 
I 

Heavy shielding; obstructions around most 
perimeter buildings or trees within 
building-heights in most directions (e.g. 
developed/dense tract houses). 

fiv~ 

well-l 

I 
I 

V 0.102 Very heavy shielding, large obstruction sur1 

short axis 8 'ft.) 

rounding perimeter within two house heights 
(e!g. typical downtown area). 

Figures 2 and 3 show the distribution of wind speed and direction 
during these. two: periods. Figure 4 is a polar plot of the wind speed 
vs .-wind, direction. These three figures show all of the wind measure­
men'ts made during the. test period. 

Pressure coefficients were measured simultaneously and individually 
for each pressure tap and averaged for each half-hour period. Figures 5 
through9sho\.l the' distrib'utionof measured pressure coefficients as a 
funct'ioo' ~f,' incid.ent wino -direction, averaged for the four faces of 
MIT~th~ fand', the internal pressure. For the pressure coefficients. all 
POil1t~ hav1n:g ,.awl'ndspeed l'ess than 3.5 m/s were deleted from the data; 
thi.g::: removed points outsid'e' of the: _600 to+ 1200 cone. These points 
wer:e~' remov.edbecause s't'ack-induce'd pressures make measurement of the 
pres'sare c6eff1.ci'ent inac:6·urafe for low wind speeds. 

As presented above, our model can predict the infiltration from the 
wind speed and temperature data. Figure 10 compares our predicted 
infiltration with the infiltration measured by the tracer-gas system for 
a two-day period beginning March 27th. Gaps in the measured curve 
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indicate periods when the measurement system was not functional. 

DISCUSSION 

From the wind speed and direction profiles we see that for the test 
period the wind is rather evenly distributed in the 5 to 10 mls and _600 

to 1200 ranges. From the velocity profile we see that the majority of 
high-speeq points cluster in the -450 to 00 range. 

Although the generalized shielding coefficients were not calculated, 
measurement of pressure coefficients will yield some understanding of 
the shielding around the MITU trailer. The south-face pressures follow 
expected behavior: the pressure coefficient approaches a minimum of 
about -1 at an angle near 00, and then increases smoothly from there. 
The east and west faces show similar behavior for the non-windward faces 
(i.e. < 00 for the east face and> 00 for the west face), but the wind­
ward faces that should have large positive ( : 1) coefficients, have 
coefficients much closer to zero. This behavior is typified by the 
north-face pressures, which hover near zero at angles from -450 to 450 

and even become negative very close to a due north wind. 

We believe this result is due to the obstruction of the north face 
of MITU by the air-conditioner, tracer-gas supply, and trailer hitch 
assemblies, which induce extra turbulence and deflect the wind around 
the north face, causing some suction pressures. This hypothesis is sup-
ported by the internal pressure coefficient, which especially near"'· 
due north -- exhibits behavior very similar to the north face. If the 
north face pressure is close to the internal press.ure, the're 'will be ,no 
net flow through the north face, as would be the case if the surface 
pressure were highly turbulent. 

} .. '-

Because of the interference of the north-face equipment and the~ni'" . 
directionali ty of the wind. we did not coJ.lect the type of data we had: .. 
hoped for. In the future. however. we expect to make more,. pressure' 
measurements using MITU and full-scale buildings tJ)un9;erst53n-d .. the, spa~-: ' 
tial and directional behavior of pressure coeffic;ient.s •. We also- e~pec:t ,. 
to use pressure measurements to calculate the gen~ralized shi~lding ". 
coefficients directly; this ability will enat>le~ u.:S to use wind - tunnel~' 
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data for estimating infiltration. 
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Figure 1. Mobile Infiltration Test Unit on site ~n Reno, Nevada. 



~- ~ ~-j 

;-, eO'-H 
! 

t 

f" 
Cl)! 
or 
o· 
c 
(I) 
L 
L 
:::l 
o 
o 

0.10 --I-
4-
o 
L 
QJ 

-D 
E 
:::l 

:z 

o 

~ 

.--

I -. 
o 

.--

r--

I--

... ,.. . :, 

~ 

1-

WIND SPEED PROFILE 
'M I TU. 3/21/,82 

!-

1 
! 

-0 
i 

I-

.. 
!il. i 
i ; 

4/05/82 

j 

t 
; , 

. I 
in 

r--

f : 

Irr . I 

I I 

r-- I-- I--

f-- ~ 

5 10 

Wind Speed [m/sec] 

Figure 2. Histogram of the wind speed during the test period. 

~ 

~ 

I--

h 

-+-8 

-+-6 

-+-4 

-+-2 

r-:-

I o 
15 

-&-> 
C 
(I) 
o 
L 
(I) 

0... 

XBL 828-9587 

t-' 
N 



(J) 
0) 

o 
c 

30 

~20 
L 
J 
o 
o 

o 
4-

D 

L 
0)10 

-D 
E 
J 

Z 

o 

.. 

I-

I-

-

r-

n I I I 
I . 

-180 

ANGULAR PROFILE 
MITU 3/27/82 - 4/05/82 

r-

r--

-
t-- r-

-

I-- r--

r-

t--

-

r 
I I I I 

I 

-90 o 
Wind Angle· [deg] 

Figure 3. Histogram of the wind direction during. the test. 

I--

r-

-

-
r--

n 
90 

-

-

rhl 
• 

180 

10 

5 

o 

-+> c 
OJ 
o 
L 
OJ 

D-

XBl 828-9588 t-' 
W 



14 

VELOCITY DISTRIBUTION 
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Figure 5. Plot of ha If-hour shielding coeffici ents for the south face. 
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Figure 6. Plot of half-hour shielding coefficients for the west face. 
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Figure 7. Plot of half-hour shielding coefficients for the east face. 
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Figure 8. Plot of half-hour shielding coefficients for the north face. 
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Figure 10. Measured and predicted infiltration during the test. 
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