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2.5 MINIMUM VENTILATION AND SINGLE WINDOWS
MINIMUM VENTILATION RATES

Anemometers have a typical threshold of about 0.5 mph. Under
these so-called "calm" conditions the windspeed may be reported
as zero in the weather tapes.

However, in practice that is not the case. At FSEC, we, over the
years, have conducted many ventilation air change measurements
with the SF6 tracer gas decay technique. We have routinely found
that rooms and houses with open windows have a minimum measured
air change rate of between 2.5 and 4 ach, even under calm
conditions and less that 50F temperature difference between
indoor and outdoors.

For this reason we recommend 3 ach as the minimum ventilation
rate for calculation purposes even if the calculation procedure
predicts a smaller ventilation rate. The different ventilation
measurements which were conducted are briefly summarized below.

Bettencourt House (1981)

The Bettencourt house located in Eustis, Florida is a small 878
sq ft house with open window area totaling 12.3% of floor area.
In 1981, ventilation rates were measured 16 times. The two
lowest measured values were 4.1 ach and 4.2 ach at measured site
10 m windspeeds of 0.4 mph and 0.8 mph respectively.

FSEC Passive Cooling Lab (PCL), 1984

Measurements were made in a FSEC PCL room. The room dimensions
were 18' x11'x8' and it had apertures on ceiling {(coupled to one
attic) and a window totaling 8.9 sp ft or about 4.5% of the floor
area. 3.8 ach was measured at a site 10 meter windspeed of 0.5

mph.
Rangewood Villas, 1986

SF6 tracer gas testing was performed on August 14, 1986 from 9
P.M. to 10 P.M. under conditions of nearly calm winds. Windows
open totaled 57.5 sp ft in a two story townhouse with 1200 sq ft.
The air change ratio was 2.65 ach with a measured site windspeed
of 0.0 mph.

VENTILATION THROUGH SINGLE WINDOWS

If a room has only one open window and the internal door is
closed, there will not be any ventilation due to pressure
differences but ventilation will still be present due to
turbulent diffusion. We have located three studies dealing with
this type of ventilation., All three propose algorithms where the
ventilation rate 1is proportional to the product of the open
window area and the wind speed. BRE Digest 210 (Anon., 1978)
recommends



Page 2-24

Q=0.025AV ... Eq 2.5.1

where Q is the flow rate in m3/sec, A is the open aperture area
in sg.m and V is the reference wind speed at the site at building
eave height. Warren (1978) recommends a formula

Q = 0'02 A V *aw Eq 2.5.2

which is obviously very close to Eq 2.5.1. Warren notes that
this formula is overly conservative in that measured Q can be
considerably higher. Cockroft and Robinson (1976) present
measured data for a 48 m3 room as follows:

A \'% ACH
sg.m (m/s) (cu.m/s)

0.2 2.5 0.0183 0.51

5.5 0.0717 1.99

7.5 0.0137 3.8

This data shows Q to be a non linear function of the AV product.
All authors note that further complications will arise if awning
or casement windows are used, as they will tend to catch the air
which is generally moving in the plane of the wall.

Needless to say, the ventilation provided by one open window 1is
minimal, and is generally not adeguate for summertime ventilative
cooling. Therefore, this case should not be of particular
interest to designers. Researchers can probably use an equation
like

Q =0.05AYV ... Eq 2.5.3

to get an estimate of natural ventilation for this case.
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2,6 DATA REDUCTION FOR TALL BUILDINGDS

The analysis and approach to fitting the Cp data for tall
building is discussed in this section.

APPROACH TO CURVE FITTING

The quantum and nature of data available for tall buildings is
different from that available for 1low-rise building. As
mentioned in Section 2.2, data for analysis in this category have
been exclusively taken from Akins (1976). Data from Akins is
available for all four surfaces for three buildings (length to
width ratios 1, 2 and 4) and for 5 wind angles. Further, for
each wall, Cp data is available for 110 locations on the surface.
Thus over 5000 data points were hand entered into the computer
and is not repeated here. The volume of data is therefore
considerable and is not presented in this report. The horizontal
and vertical coordinates (XL and ZH) of the points on the wall
are nondimensionalized with respect to the length and height of
the wall. The Cps are referenced with respect to the velocity at
the height of measurement.

Because Akins (in using local Cps) found no dependence on either
terrain or height of the building, no attempt was made by us to
normalize the Cp data and we decided to curve fit the actual Cp
data. However, the data was converted according to out
conventions of wind angle (AS) and side ratio (8) in order to
eliminate the wall surface number as one of the variables. The
nondimensionalized horizontal and vertical locations, however,
require closer scrutiny. It appears from Akins' that the origin
of the coordinates seems to be the lower left hand corner of the
wall when viewed from outside. If these two coordinates are to
be used as dependent parameters to fit the Cp data a problem
arises. Figure 2-63a illustrates the convention used by Akins.
Note that according to this convention, for an approach angle of
zero degrees (Fig 2-63a for a square building) the Cp at the
location 0 of wall 1 will be equal to the Cp at location 1.0 of
wall 3. Similarly at an approach angle of 90 degrees the
location 0 on wall 2 will be equal to the Cp at location 1.0 on
wall 4. The problem was simply resolved by redefining the origin
for each wall as the lower corner c¢loser to the tail of the
approach wind. That 1is, the origin should be always directed
away from the prevailing wind direction. Figure 2-63b shows this
redefinition. The redefined coordinates are labeled as XL and
ZH., (Note that ZH did not require any redefinition as no problem
arose with it). The data then converted using this convention,
gave us Cp as a function of wind angle (AS), side ratio (S) and
the coordinate 1location on the wall (XL and ZH). Analysis was
carried out using SPSS-X.

SIGNIFICANT PARAMETERS
Analysis of Akins data posed some difficulty in arriving at the

functional form to be used for the different parameters
especially for the side ratio (S). The data was therefore sgplit
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into five categories based on side ratios of 1.0,2.0,4.0,0.25 andg
0.5. With the side ratio eliminated as a parameter, these five
data sets were independently analysed for the other parameters
namely wind angle and surface locations (XL and ZH). A large
number of runs were carried out to get similar variables to fit
all the five data sets and five equations differing only the
values of the regression coefficients were obtained. Table 2-32
shows the regression coefficients and correlation coefficients
obtained by analyzing the five data sets. The correlation
coefficients varied from 0.88 to 0.92,

Once the regression coefficients were obtained for each of the
five sets of data, the regression coefficients were themselves
analysed for dependence on the side ratio (8). Corresponding
regression coefficients for each term of the five data sets were
fit into the form

Cn = a + b*S**c

where Cn are the coefficients of a particular term
for all the data sets, -and
a,b,c are regression coefficients which curve fit the original
coefficients obtained from the five sets of data.

Once the functional form of the side ratio was obtained, new
parameters were developed from the combination of AS, XL, ZH and
S, reflecting these functional forms and the new parameters were
used as input to curve fit the entire data of Akins.

Table 2-33 shows the results of the analysis performed on all the
data of Akins. The largest correlation coefficient obtained was
0.89. Figure 2-64 shows the scatterplot for all of Akins data.
The final equation obtained for Cp for tall buildings is:

Cp = CO + C1*Ar + C2*COS(2*AS) + C3*ZH*SIN(AS)*S**(0.,169 +
C4*COS (A*AS}*5**(0.279 + C5*SIN(2*AS) + C6*ZH*COS(AS) +
C7*COS(Xr) + C8*COS(Xr*AS) + CI9*COS(Xr*AS)*S**(,245 +
Cl0*ZH*SIN(AS) + Cl1*Xr*SIN(AS) + Cl2*XL +
Cl3*COS (Xr}*5**(.85 ... Eq 2.6

Where
Ar
Xr

AS*3,1415/180 (wind angle in radians)
(XL-0.5)/0.5

and
AS, 5, XL and ZH have their usual meaning
(See definition in Section 1.3)

The coefficients of the equation are:

C0 = 0.068 Cl = -0.839
¢c2 = 1.733 C3 = -1.556
C4 = -0.922 C5 = 0.344



Cé
C8
Cl0
ciz2

W nn

~0.801
-0.961

2.515
-0.431

c7
o)
Cll
Cl13

1.118
0.691
0.399
0.046
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2,7 COMPARISON OF PREDICTED AND MEASURED VENTILATION RATES

Sample calculations comparing predicted and measured ventilation
rates are presented in this section. Comparison is done against
measured data from Chandra (1983). Chandra (1983) provides
ventilation rates measured in the FSEC PV house for three
different wind directions. Figqgure 2-65 is a plan of the FSEC PV
house showing the window locations and their areas. The window
areas are open aperture areas with insect screening. Also shown
below the figure are the wind directions, wind speed and the
measured ventilation rates. The volume of the PV house is 9300
cu. ft.

The ventilation rates for the three angles are <calculated below
using the procedures outlined in Part 1 of this report. 1In all
cases, the terrain type II was assumed. 1i.e a terrain constants
a=1.0 and b=0.15 were used. A discharge coefficient of 0.62 was
also assumed.

WIND DIRECTION 87 DEGREES

WINDOWS —-> SOUTH EAST NORTH WEST
Wind angle (deg) 93 177 87 42
Side ratio 1.56 0.64 1,56 0.64
Window area (sg. ft) 16.91 10.67 15.3 2.66
Cp (form Eq 2.1) -0.337 -0.337 -0.253 0.347

Note: Correction for presence of garage is applicable to the north
wall and Cp=0.6 must be used for that wall as per Section 1.5.

From Eq l1l.4.la, the reference velocity at eaves height is given by

Vief = 5.6*88.0*(7.66/33.2)**0.15 = 396 fpm

Using the above values, the calculation procedure C of part 1
yielded ACH = 22.56

Applying, the Sherman and Grimsrud correction for shielding
for class II (correction factor=0.85 from Section 1.6),

as well as correction factor (=0.85) for insect screening from
step 6 of calculation procedure, the corrected air change is:

ACH = 22.56*0.88*0.85 = 16.9
ACH measured 19.0 (Chandra, 1983)

% difference -11%
WIND DIRECTION 140 DEGREES
WINDOW--> SQUTH EAST NORTH WEST
Wind angle (deg) 40 130 140 50
Side ratio 1.56 0.64 1.56 0.64
Window area (sg. ft) 16.91 10.67 15.3 2.66

Cp (form Eqg 2.1) 0.387 -0.742 -0.376 0.245
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From Eq l.4.la, the reference velocity at eaves height is given by

Vref = 9.7*%88.0*%(7.66/33.2)**0,15 = 686 fpm

Using the above values, the calculation procedure C of part 1
yielded ACH = 39.99

Applying, the Sherman and Grimsrud correction for shielding
for class II (correction factor=0.85 from Section 1.6),

as well as correction factor (=0.85) for insect screening from
step 6 of calculation procedure, the corrected air change is:

ACH = 39,99*%0.88*0.85 = 29.9
ACH measured 292.8 (Chandra, 1983)
% difference 0.4%

WIND DIRECTION 152 DEGREES

WINDOW--> SOUTH EAST NORTH WEST
Wind angle (deg) 28 118 152 62
Side ratio 1.56 0.64 1.56 0.64
Window area (sq. ft) 16.91 10.67 15.3 2.66
Cp (form Eq 2.1) 0.487 -0,943 -0.312 0.049

From Eqg 1.4.1a, the reference velocity at eaves height is given by

Vief = 7.1*88.0%(7.66/33.2)**0.15 = 502 fpm

Using the above values, the calculation procedure C of part 1
yielded ACH = 30.15

Applying, the Sherman and Grimsrud correction for shielding
for class II (correction factor=0,85 from Sectiocon 1.6),

as well as correction factor (=0.85) for insect screening from
step 6 of calculation procedure, the corrected air change is:

ACH = 30.15*%0.88*0.85 = 22.55
ACH measured 23.3 (Chandra, 1983)
¢ difference -3.2%

In summary, we can conclude that the suggested procedure is quite
accurate for calculating natural ventilation airflow rates.
Further verifications by other users should be performed to
assess the range of applicability of this method.
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Table 2-1

COMPARISON OF VENTILATION RATES

Angle Terrain

45

90

Open

Suburban

Open

Suburban

Open

Suburban

Ventilation rate

by local Cp
32.79
35.08

30.34
33.30

18.20
21.89

by average Cp
33.02
35.12

31.19
32.86

19.05
17.53
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% Diff
0.7%

0.11%

2.79%

-1.32%

4.68%

-19.94%



TABLE 2-2 : JENSEN (1965)
S: 2,000
a: 0.0
b: 0.0
Cp(0): 0.500
AS CP/CP(0)
0.0 1.000
90.0 MISSING
110.0 -1,077
135,0 -0.893
180.0 -0.557
TABLE 2-3 JENSEN (1965) ,
S: 2.000
a: 0.0
b: 0.0
CP(0): 0.600
AS CP/CP(0)
0.0 1.000
95.0 MISSING
120.0 -0,700
180.0 -0,250

TABLE 2-4 : JENSEN (1965)
S: 2.000
a: 45.0
b: 0.0
CpP(0): 0.504
AS CP/CP(0)
0.0 1.000
90.0 MISSING
180.0 -0,794

r 22121

2:1:1

r 2:1:1

r FLAT

S
as
b:
CP(0):

ROOF ,

0.500
0.0
0.0
0.559

CP/CP(0)

———————— ok W i P ATl S A8 S W e e A W S A ————— — {——

MISSING
MISSING
-0.215
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SMALL TURBULENCE

r FLAT ROOF , LARGE TURBULENCE

S:
a:
b:
CP(0):

0.500
0.0
0.0
0.616

CB/CP(0)

MISSING
0.000

r 121 ROOF

S:
as
b:
CP(0):

0.500

0.0
45.0

0.441

CP/CP(0)

—— — S —————————— i ————— T ———— " g ——————

——— ————— v — T T ——————— i ———— T — ———— ——————

+ LARGE TURBULENCE
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TABLE 2-5 : JENSEN (1965) , 2:1:0.5 , 1:1 ROOF , LARGE TURBULENCE

S: 2.000 S: 0.500
a: 45.0 a: 0.0
b: 0.0 b: 45.0
CP(0): 0.469 Crp(0): 0.489
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
95.0 MISSING -1.213
135.0 -1,066 MISSING
180.0 -0.89%¢6 -0.,225

TABLE 2-6 : CERMAK (1981) , 3:3:2 , 1:2 ROOF

S: 1.000 S: 1.000
a: 26.6 a: 26.6
b: 26.6 b: 26.6
Cp(0): 0.398 Cp{(0): 0,390
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
22.5 0.889 0.956
45.0 0.563 0.554
67.5 -0.088 -0.088
90.0 -1.025 =1.000
112.5 -1.402 -1.462
135.0 -1.146 -1.177
157.5 -0.924 -0.954
180.0 -0.668 -0.708

— ——a v —————————— ———————— A ——— . i = —— = ———

TABLE 2-7 : HAMILTON (1962) , 1:1:1 , FLAT ROOF , SUBURBAN

S« 1,000 S: 1,000
a: 0.0 a: 0.0
b: 0.0 b: 0.0
Cp(0): 0.610 CP(0): 0.610
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
45.0 0.566 0.566
90.0 -0.,916 -0,916
135.0 -0.693 -0,693



TABLE 2-8

TABLE 2-9

TABLE 2-10:

:+ HAMILTON (1962)
S: 1.000 S: 1.0400
a: 15.0 a: 0.0
b: 0.0 b: 15.0
Cp(0): 0.480 Cp(0): 0.515
AS CP/CP{0) CP/CP(0)
0.0 1.000 1.000
45.0 0.385 0.283
90.0 -1.183 -0.860
135.0 =-1.250 -1.029
180.0 -0.354 -0.344
+ HAMILTON (1962) , 1l:1:1 ,
S« 1,000 S: 1.000
a: 30.0 a: 0.0
b: 0.0 b: 30.0
CP(0): 0.419 CP(0): 0,435
AS CB/CP(0) Cp/CP(0)
g.0 1.000 1.000
45.0 0.640 0.708
90.0 -1.317 -1.407
135.0 -0.955 -0.839
180.0 MISSING -0.667

——— i ———————— A " ——— o ———————— ———

HAMILTON (1962) , 1:1:1 ,
S: 1.000 S: 1.000
a: 45.0 a: 0.0
b: 0.0 b: 45.0
Cp(Q): 0.446 CP(0): 0.438
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.060
45.0 0.534 0.582
90.0 -1.231 -1.345
135.0 -0.886 -0.897
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r 1:1:1 , 15 DEG ROOF , SUBURBAN

30 DEG ROOF , SUBURBAN

45 DEG ROOF , SUBURBAN
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TABLE 2-11: VICKERY (1983) , 100:80:16, 1:12 ROOF , OPEN

5: 1.250 S: 0.800
a: 4.8 a: 0.0
b: 0.0 b: 4.8
CpP(0}Y: 0.564 Ccp(0): 0.518

AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
10.0 0.988 1.000
20.0 0.910 0.979
30.0 0.813 0.847
40.0 0.656 0.761
50.0 0.500 0.566
60.0 p.314 0.369
70.0 0.071 0.131
80.0 -0.054 -0.108
90.0 -0.174 -0.317
100.0 -0.332 -0.490
110.0 ~0.443 -0.525
120.0 -0.443 -0.510
130.0 -0.447 -0.396
140.0 -0.385 -0.284
150.0 -0.316 -0.272
160.0 -0.168 -0.241
170.0 -0.122 -0.181
180.0 -0.062 -0.154

TABLE 2-12: VICKERY (1983) , 125:80 , 4:12 ROOF , OPEN

S: 1,563 S: 0.640
a: 18.4 a: 0.0
b: 0.0 b: 18.4
CP(0): 0.403 CP{(0): 0.253
AS CP/CPI(0) CP/CP(0)
0.0 1.000 1.000
45,0 0.435 0.546
90.0 -0.568 MISSING
135.0 -0.948 -1.34¢6

180.0 -0.864 -0.715
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TABLE 2-13: VICKERY (1983) , 125:80 , 1:12 ROOF , OPEN

5: 1.563 S: 0.640
a: 4.8 a: 0.0
b: 0.0 b: 4.8
CP(0): 0.448 Cp{(0): 0.495
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
45.0 0.543 0.480
90.0 -0.445 -0.615
135.0 ~0.785 -0.482
180.0 -0.315 ~0.262

————— —— ————— Wb ol — ———————— . = o Vo~ e " ———

TABLE 2-14: VICKERY (1983) , 125:80 , 4:12 ROOF , SUBURBAN

S: 1.563 S: 0.640
a: 18.4 a: 0.0
b: 0.0 b: 18.4
CP(0): 0.384 crp(0): 0.281
AS CP/CP(0Q) CP/CP(0)
0.0 1.000 1.000
45.0 0.396 0.142
90.0 -0.784 MISSING
135.0 -1.169 -1.612
180.0 -1.193 -1.004

——— ——————————— - — —— T —————— A - Yy W —————

TABLE 2-15: VICKERY (1983) , 125:80 , 1:12 ROOF , SUBURBAN

S: 1.563 S: 0.640
a: 4.8 a: 0.0
b: 0.0 b: 4.8
CP(0): 0.35%4 Cp(0): 0.311
AS CpP/CP(0) CP/CP(0)
0.0 1.000 1.000
45.0 0.45%9 0.469
9¢.0 ~0.579 -1.154
135.0 -1.036 -1.039

——— v S sl S A R e e L e s S S N S S S S ———— —



TABLE 2-16:

WIREN (1983)
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r 130:85:32 , 45 DEG ROOF , OPEN

S: 1.53 S: 0.654
a: 45.0 a: 0.0
b: 0.0 b: 45,0
Cp(0): 0.502 Cp(0): 0,571

AS CP/CP(0) CP/CP{(0)
0.0 1.000 1.000
15.0 0.958 0.925
22.5 0.882 0.856
30.0 0.779 0.750
45.0 0.470 0.373
60.0 0.020 =-0.152
67.5 -0.235 -0.4890
75.0 -0.504 -0.839
90.0 -0.968 -1.511
105.0 -1.307 -1.704
112.5 -1.398 -1.557
120.0 -1.462 -1.396
135.0 ~-1.538 -1.123
150.0 -1.418 -0.972
157.5 -1.369 -0.893
165.0 -1.375 -0.778
180.0 -1.363 ~-0.578

———— T ————— — A o W T ————————— " — A AL T D 7 s TS By e o
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TABLE 2-17: LUSCH (1964) , 4:2:1 , FLAT ROOF

S: 2.000 S: 0.500
a: 0.0 a: 0.0
b: 0.0 b: 0.0
CP(0): 0.314 CrP(0): 0.300
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
22.5 1.000 0.933
45.0 0.732 0.667
62.5 0.274 0.000
90.0 -0.274 -0.967
112.5 -0.860 -1.333
135.0 -1.092 -0.767
157.5 -0.592 -0.567
180.0 ~0.455 -0.333

———————————— —— o A (= e T —————— —— T Tk T o T v W e

TABLE 2-18: LUSCH (1964) , 4:2:1 , 10 DEG ROOF

S: 2.000 S: 0.500
a: 10.0 a: 0.0
b: 0.0 b: 10.0
CP(0): 0.300 CP(0): 0.290
AS CP/CP(Q) CP/CP(0)
0.0 1.000 1.000
22.5 0.900 0.931
45.0 0.900 0.621
62.5 0.233 0.069
90.0 -0.333 -0.931
112.5 -0.900 -1.345
135.0 -1.000 ~0.862
157.5 -0.620 -0.621

———— T ——— — — ——— T T My " e Tk S ————————— T — ——— —— —



TABLE 2-19: LUSCH (1964) , 4:2:1 , 20 DEG ROOF

-

S: 2.000 S: (0.500
a: 20.0 a: 0.0
b: 0.0 b: 20.0
CP(0): 0.300 CpP(0): 0.310
AS CP/CP{(0) CP/CP(0)
0.0 1.000 1.000
22.5 1.000 0.935
45.0 0.667 0.710
62.5 0.287 -0.087
90.0 -0.380 -1.000
112.5 =0.900 -1.129
135.0 -1.093 -0.839
157.5 -0.857 -0.645
180.0 -0.667 -0.355

TABLE 2-20: LUSCH (1964) , 4:2:1 , 30 DEG ROOF

S: 2.000 S: 0.500
a: 30.0 a: 0.0
b: 0.0 bs: 30.0
CP(Q): 0.370 CP(0): 0.310
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
22.5 0.784 0.968
45.0 0.595 0.613
62.5 0.216 ~0,032
90.0 -0.270 -1,194
112.5 -0.730 -1.387
135.0 -1.000 -0.903
157 .5 -0.811 -0.645

el e Vi A Sl e S L S S T A et e S st e o et e S T S S ———————
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TABLE 2-21: LUSCH (1964) , 4:2:1 , 40 DEG ROOF

S: 2.000 S: 0.500
a: 40.0 a: 0.0
b: 0,0 b: 40.0
CpP(0}: 0,330 CP(0): 0.360
AS CP/CP(0) CP/CP(0)
0.0 1.000 1.000
22.5 0.939 0.889
45.0 0.697 0.500
62.5 0.212 -0.167
90.0 -0.394 -1.167
112.5 -0.909 -1.333
135.0 -1.303 -0.917
157.5 -0.970 -0.667
180.0 -0.909 -3.278

TABLE 2-22: LUSCH (1964) , 4:2:1 , 60 DEG ROOF

S: 2.000 S: 0.500
a: 60,0 a: 0.0
b: 0.0 b: 60.0
CP(0}: 0.386 CP(0): 0.450
AS CP/CP(() CP/CP(0)
0.0 1.000 1.000
22.5 0.982 0.889
45,0 0.733 0.444
62.5 0.179 -0.400
90.0 -0.394 -1.333
112.5 -1.215 -1.156
135.0 -1,295 -0.889
157.5 -1.091 -0.600
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TABLE 2-23: ASHLEY (1984) , 8:1:0.5 , FLAT ROOF , SUBURBAN

S: 8.000
a: 0.0
b: 0.0
CrP(0): 0.630
AS CP/CP(0)
0.0 1.000
10.0 0.841
20.0 MISSING
30.0 0.683
40.0 MISSING
45.0 0.540
50.0 0.508
60.0 MISSING
70.0 0.198
80.0 MISSING
90.0 -0.047
100.0 MISSING
110.0 -0.222
120.0 MISSING
130.0 -0.397
135.0 -0.444
140.0 MISSING
150.0 -0.492
160.0 MISSING
170.0 -0.556

180.0 -0.444

0.125
0.0
0.0

S
a
b
) 0.690

Cr(0

CP/CP(0)

1.000
MISSING
0.855
MISSING
0.710
0.609
MISSING
0.362
MISSING
-0.181
-0.855
-0.768
MISSING
-0.609
MISSING
-0.493
-0.449
MISSING
-0.275
MISSING
-0.130



Page 2-43

TABLE 2-24: ASHLEY (1984) , 10:3:1.5 , 20 DEG ROOF , SUBURBAN

S: 3.330 S: 0.300
a: 20.0 a: 22.0
b: 22.0 b: 20.0
CP(0): 0.547 CP(0): 0.590
AS CP/CP(0) CP/CP(0Q)
0.0 1.000 1.000
15.0 0.885 MISSING
30.0 0.857 0.356
45.0 0.572 0.220
60.0 0.115 -0.085
75.0 MISSING -0.525
90.0 -0.194 -0.847
105.0 MISSING -0.636
120.0 =0.146 -0.239
135.0 -0.311 -0.107
150.0 -0.400 -0.136
165.0 -0.439 MISSING

180.0 -0.530 -0.053



TABLE 2-25: ASHLEY (1984)

CP{0):

S: 2.780
a: 24.0
b: 22.0
0.719

CP/CP{(0}

1.000
MISSING
0.978
0.935
0.847
0.826
0.804
0.565
MISSING
0.305
MISSING
0.088
MISSING
-0.196
-0.250
-0.261
MISSING
-0.544
MISSING
-0.609
MISSING
-0.609
-0.565
-0.533
-0.587
-0.499
-0.478
MISSING
-0.522

CP(0) :

S: 0.360

a: 22.0
b: 24.0

CP/CP(0)

MISSING
0.941
MISSING
0.794
MISSING
0.500
0.324
0.088
0.073
-0.118
-0.264
MISSING
-0.713
MISSING
-0.382
MISSING
-0.338
-0.300
-0.344
-0.353
MISSING
-0.264
MISSING
-0.191
MISSING
-0.088

1.063
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TABLE 2-26: AKINS (1979) , 1:
S: 1.000
a: 0.0
b: 0.0
CP(0): 0.613
AS CP/CP(()
0.0 1.000
10.0 MISSING
15.0 MISSING
20.0 0.966
25,0 MISSING
30.0 MISSING
35.0 MISSING
40.0 0.654
50,0 0.414
55.0 0.276
60.0 0.069
65.0 -0.103
70.0 -0.344
75.0 -0.551
80.0 -0.793
90.0 -1.000
100.0 =-1.000
105.0 -0.966
110.0 -0.930
115.0 -0.930
120.0 -0.861
125.0 -0.861
130.0 -0.793
140.0 -0.654
145,0 MISSING
150.0 MISSING
155.0 MISSING
160.,0 -0.551
165.0 MISSING
170.0 MISSING
180.0 -0.449

—————————————— ————————— " — T —— T —————— ——

1

Cp(0) :

S: 1.000

a: 0.0
b: 0.0

CP/CP(0)

MISSING
MISSING
MISSING
-0.310
MISSING
MISSING
-1.000
MISSING
MISSING
-0.930
MISSING
MISSING
MISSING
-0.793
-0.654
~0.654
-0.620
-0.586
-0.586
-0.586
-0.586
-0.517

0.613
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TABLE 2-27:

35.0

55.0

i T — T — — — A A A A o e S e W W

CP(0

AKINS (1979) ,

: 2.0
: 0.0
: 0.0
: 0.6

CP/CP(0)

1.000
MISSING
MISSING

0.930
MISSING
MISSING
MISSING

0.654

0.483

0.344

0.207

0.034
-0.069
~0.241
-0.378
-0.724
-0.930
-0.966
-0.966
-1.000
-1.000
-1.000
-0.930
-0.861
MISSING
MISSING
MISSING
-0.724
MISSING
MISSING
-0.724

2:1
00

13

, FLAT ROOF ,

MISSING
MISSING
MISSING
-0.793
MISSING
MISSING
-1.137
MISSING
MISSING
-0.930
MISSING
MISSING
MISSING
-0.724
-0.724
-0.724
-0.654
-0.620
-0.586
-0.517
-0.449
-0.310
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TABLE 2-28: AKINS (1979) ,

——————— ——— A . P P i it s A el P ) S . S S ———— T —— —— ——

————————— ——— i T ————————————————— — e} o —

CP(0}:

S: 4,000
a: 0,0

b: 0.0

CP/CP(0)

1.000
MISSING
MISSING

0.930
MISSING
MISSING
MISSING

0.724

0.517

0.414

0.310

0.173

0.103
-0.034
-0.139
-0.449
-0.793
-0.861
-0.930
-0.930
-0.930
-0.930
-0.930
-0.896
MISSING
MISSING
MISSING
-0.793
MISSING
MISSING
-0.861

0.613 CP(0

0.250

0.0
0.613

S:
a: 0.0
b:
):

CP/CP(0)

MISSING
MISSING
MISSING
-1.206
MISSING
MISSING
-1.137
MISSING
MISSING
-0.793
MISSING
MISSING
MISSING
-0.759
-0.690
-0.645
-0.620
-0.551
-0.517
-0.378
-0.344
-0.276
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RIDARE (actual)
% Change

CONSTANT
SIN(AS/2)

SINZ (AS)

SIN3 (2*AS*G)
CO0S (AS/2)
G2*STIN3 (2*AS*G)
SIN(RS/2) *a/180
SIN(AS*G)

0052 (AS/2)
GArsIvd(as/2)
SINY(AS%G)

G2+SIN3 (2*AS*G)

NOTE:

AS = Wind angle
G = LN(S)

S = Side Ratio
a

Table 2-29
Correlation and regression coefficients for LOW-RISE buildings

0.745 0.766 0.744 0.788 0.789 0,794 0.803 0.808 0.811
18.4% 2.82% 1.04% 1.81% 0.13% 0.63% 1.13% 0.62% 0.37%

2.619384 2.834603 2.835955 1.574479 1.602018 1,.635214 1.644102 1,294038 1,279574 1.307114
~2,370548 -2,205553 -2.04433 -1.023183 -1.093866 -1.089556 -1.084352 -0.698260 -0.705340 —0.708410

-0.721645 0.724346 -1.193476 -1.177473 -1.173780 -1.176682 -1.174446 -1.181216 -1.164793
0.126313 0.128441 0.131752 0,137353 0,121631 0.121089 0.123548 0.124944

1.1%2715 1,170709 1.136922 1.128350 0,731876 0,724395 0.714973

"0,066074 0.058893 0.054233 0.058926 0.147844 0.171961

-2.544006 ~3.424086 -3,392773 -3.447381 -3.287165

0.054148 0.054437 0.053162 0.051999

0.707523 0.729678 0.711341

-0.027151 -0.033961

-0.080427

Roof angle of the wall for which Cp is required

0.815
0.45%%

1.450100
-0.855139
-1.128524

0.126965

0.629153

0.165756
~3.195447

0.049349

0.654477
-0.032746
—0.090668

0.061365

8%-7 28eg



RSDARE (actual)
% Change

CONSTANT
SIN(AS/2}
SIN2(AS)

SIN3 (2*AS*G)
C0S(AS/2)
G2*SIN2 (AS/2)
0052(AS/2)
GA*sINd (AS/2)
SIN4 (AS*G)
SINY(3*AS*G)

NOTE:

As=Wind angle
G=LN{(S}
S=Side Ratio

Table 2-30

Correlation and regression coefficients for LOW-RISE buildings

0.629 0.745 0.766 0.744 0,788
168.4% 2.82% 1.04% 1.81%

0.797
1.14%

0.802
0.62%

0.807
0.62%

2.619384 2.834603 2.835955 1,574479 1.602018 1.247746 1.232712 1.266623

-2.370548 -2,205553 -2,204433 -1.023183 -1.093866 -0.702627 -0,709251

-0.721645 -0,724346 -1.193476 -1.177473 -1.175139 -1,181885

0.126313 0,128441 0.131752
1.192715 1,170709
0.066074

0.131368
0.768545
0.070752
0.716893

0.133236
0.761790
0.157220
0,738885
-0.026372

-0.712771
-1.163096
0.124797
0.749147
0.184352
0.717380
-0.034194
-0.091346

0.811
0.49%

1.433726
-0,.882686
-1.121153

0,136367

0.648414

0.176530

0.651371
-0.032733
-0.102888

0.071215

6¥-7 28eg



Table 2=-31
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Cp at Zero Incidence Referenced to Eave Height

Mcodel
Roof

Terrain

Source

shortwall

O es a0 sn as an
Ok MFFRG®» KRR

"
wn 4 s L) en 42 ss an an

OHHHHAMANOHKHREH

HHHFHHFHWNNNNDND
o

[ = BT TN TY

125:80
125:80
125:80
125:80
125:80
125:80
130:85:32
4:2:1

i BN OO e b o e e
se Lad 24 00 00 00 e e
o oee O H =

20 40w CO oue 28 4e 20 4s ne

HHRRFRSNs RN N

flatroof,
flatroof,
1l:1 roof,
1:1 roof,
1:1 roof,
1:2 roof
flat roof,
15 deg roof
30 deg roof
45 deg roof
1:12 roof
4:12 roof
1:12 roof
12:12 roof
4:12 roof
1:12 roof
12:12 roof
1:1 roof

0 deg roof
10 deg roof
20 deg roof
30 deg roof
40 deg roof
60 deg roof
Flat roof
20 deg roof
24 deg roof
Flat roof
Flat roof
Flat roof

Open
Industrial
Cpen
Industrial
Industrial

Suburban
n

Open
Open
Open
Open
Suburban
Suburban
Suburban
Open

Suburban
Suburban
Suburban
Suburban
Suburban
Suburban

JENSEN
JENSEN
JENSEN
JENSEN
JENSEN
CERMAK
HAMILTON
HAMILTON
HAMILTON
HAMILTON
VICKERY
VICKERY
VICKERY
VICKERY
VICKERY
VICKERY
VICKERY
WIREN
LUSCH
LUSCH
LUSCH
LUSCH
LUSCH
LUSCH
ASHLEY
ASHLEY
ASHLEY
AKINS
AKINS
AKINS

longwall
(1965) 500
(1965} .600
(1965) ,592
(1965) .685
(1965} 913

(1981) .621
(1962) .610
(1962)
(1962) ,476
(1962) ,.546
(1983) .564

(1983) .403
(1983) .448
(1983) .479
(1983) .384
(1983) .394
(1983) .523
(1985) .635

(1964) .628
(1964)
(1964) .600
(1964)
(1964) .660

(1964) .772
(1984) .690
(1984) .727
(1984) 1.209
(1979) .613
(1979) .613

(1879) .613

.610

.518
.495

.281

———————————— T —————————— — — ———— — — — T — e S . L SN S . N S S S S S M M S T - dr S Sl S e —

Note: Where building height is not specified, the Cp

was obtained at by

averaging the data from models

of same side ratio but different heights.



Table 2-32
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Correlation and regression coefficients for tall
buildings performed independently for each side ratio

Parameter 1.0
CONSTANT 0.115354
Ar -0.8105987
COS(2*AS8) 0.816615
ZH*SIN(AS) 0.946312
SIN(2*AS) 0.357707
ZH*COS(AS) -0.780888
Xr*SIN(AS) 0.407320
XL -0,431892
COS(Xr) 1.078431
COS(AS*Xr) -0.233438
R_SQUARE 0.91240
NOTES :

AS = Wind Angle

Ar = AS*PI/180.0 ;
Xr = (X-0.5)/0.5

SIDE RATIOS

0.370365
-0.990288
0.551388
0.654536
0.506786
~-1.098184
0.505426
-0.425427
1.306449
-0.304055

0.90407

PI

3.1415

4.0
0.284795
-1.034506
0.327888
0.401398
0.497753
-1.120966
0.432464
-0.383976
1.604759
-0.307340

0.87994

-0.152602
-0.768690
1.051778
1.310474
0.260309
-0.686740
0.403723
-0.501681
1.124891
-0.252906

0.91118

-0.332144
-0.652721
1.131931
1.403394
0.067171
-0.369464
0.213580
-0.386374
0.941828
-0.219432

0.90879



Table 2-33
Correlation and reqresslon coefficients for tall buildings using ail of Akins' data

RSQUARE (actual) 0.45281 0.73834 0,79043 0.81208 0.83078 0.85910 0.86371 0,86808 0.87365 0.88259 0.88613 0.89080 0.89121

CONSTANT 0.63255 0.63256 0.33279 0,35782 0.20815 0.61340 0.14704 -0,14202 -0.11942 -0,14651 -0.14651 0.06883 0,06759
Ar -0.60357 -0.60357 -0.60357 -0.60357 —0.50828 —0,76627 —0.76627 —0.83948 -0.83871 —-0.83880 -0.83820 —0,83880 —0,83891
Q05 (2AS}) 0.58082 0.81257 1.43988 1.43988 1.43988 1.43988 1.42403 1.39768 1.68147 1.68147 1.68147 1.73336
§0.169+z025TN(AS) 0.99009 0.89319 0.89319 0.89319 0.89319 0.89778 0.83717 -1.22740 -1.22740 ~1,22740 ~1.55597
50.279+q0s(2A8) —0,63015 -0,60315 -0.63015 -0,63015 -0.6302]1 —0.61593 -0.87227 -0.87227 -0,87227 -0.92229
SIN(2AS) 0.25145 0.33390 0.33390 0.34278 0.34316 0.34371 0.34371 0.34371 0.34358
ZH*QDS(AS) -0.80145 —0.80145 ~0.80133 -0.80108 -0.80079 -0.80079 -0.80079 -0.80087
COS (Xr) 0.53492 1.18733 1,17825 1.17659 1.17659 1.17659 1.11771
C0S (XC*AS} -0,25765 —0.63586 -1,07871 -1.07871 -1.07871 —0.96129
50. 2454005 (Xr*AS) 0.37296 0.80619 0.80619 0.80619 0.69086
ZA*SIN(AS) 2.1812 2.1812 2,1812 2.51477
Xr*SIN(AS) 0.14205 0.39927 0.39927
XL, -0.43069 -0.43069
50-85%c0s(Xr) 0.04589
NOTES @

AS = Wind angle

Ar = AS*P1/180.0 , PI = 3.1415
5 = Side Ratio

Xr = (X[~0.5}/0.5

zg-z @8ed
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: 50ft >
! ! ! ! location of * ! !
! Wall ! Window ! Are% ! Effective Opening ! Tyoe !
! ! Pofee X ! Y ! !
! !
1 South ! 1 !14 ! 8. ! 3,25 ! Single hung TOP fixed !
! T2 Y42 1 26 ! 3.25 ! Rignt opening,sliding !
! 3 ! 14 ! 40 I 3.25 | Single hung TOP fixed !
! !
! west ! 1 !18 ! 8 f 3.0 ! " !
! o2 ! 6 ! 6 1 4.5 ¢ " !
i f 3 {18 ! 22 ! 3.0 ! n 1
! 1
! North ! 1 1 32 1 25 ! 3.0 ! " !
! L2 1 10 ¢ 31 [. 4.0 ! " !
! ! 3 !18 I 42 ¢ 3.0 ! " !
! l
! Bast ! 1 ! 18 ! g~ ! 3.0 ! " !
! r2 6 ! & ! 4.5 ! " !
! I 3 ! 18 ! 22 ! 3.0 ! " !

* Coordinates measured with respect to bottom left corner of wall.

Figure 2-1 Plan of base building showing windows and table
showing window areas and locations
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Cp IN SUBURBAN TERRAIN (CpS)

CpS = A + B * Cp0

0.5 - A= -0.06337 “
B = 1.066218 <
~ .‘.r L]
0 — AAH
il &
-0.5 — L
» ..&
| ‘ .;
""1 1 I ] | 1 I 1
-1 -0.5 0 0.5
Cp IN OPEN TERRAIN %CpO) |
r16. 2-4: CORRESPONDANCE OF Cp BETWEEN OPEN

AND SUBURBAN TERRAINS (FROM VICKERY

)
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S —

—]

Wind Direction 1

._._....__.____r_
=

!
I
I
I
I
I
|
|

(L

Wind

Direction 2
(Hind ‘\—/
Angle 2)

Outward Normal to Wall

AS (Wind Angle 1)

: is the angle between the wind direction and outward normal tc the wall
: Side Ratio , defined as W/D where

: is the width of the wall and,
: is the width of the adjacent wall

Figure 2-5 Wind Angle (AS) and Side Ratio (S) Convention
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For Walls 1 and 3 a=6f
b= 8;
For Walls 2 and 4 a = 92
b =95

Figure 2-6 Conventions used in Defining Roof Slopes for each Wall
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Figure 2-7a: Models used in wind tunnel studies from which data were gathered.
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(i) CERMAK et. al. (1981)
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(ii) HAMILTON (1962)

Figure 2-7b: Model s used in wind tunnel studies from which data were gathered.
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Azimuth

(i) VICKERY (1983)
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Figure 2-7c: Models used in wind tunnel studies from which data were gathéred.
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(i) ASHLEY (1984)

(ii) ASHLEY (1984)

Figure 2-7d: Models used in wind tunnel studies from which data were gathered.



Page 2- 63

(i) ASHLEY (1984)
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L = LARGER BUILDING WIDTH

/(ii) AKINS  (1976)

Figure 2-7e: Models of wind tunnel studies from which data were gathered.
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{Cp/Cpa)

NORMALIZED Cp ,
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JENSEN (1965) , 2:1:1 , FLAT ROOF , SMALL TURBULENCE"
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FIGURE 2-8 NORMALIZED PRESS. COEFF. VS WIND ANGLE

JENSEN (1965) , 2:1:1 , FLAT ROOF , LARGE TURBULENCE
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FIGURE 2-9 NORMALIZED PRESS. COEFF. ¥S WIND ANGLE



NORMALIZED Cp , (Cp/Cps)

NORMALIZED Cp , (Cp/Cpa)

JENSEN (1965) , 2:1:1 , 1:1 ROOF , LARGE TURBULENCE
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FIGURE 2-10 NORMALIZED PRESS. COEFF. VS WIND ANGLE

JENSEN {1965) , 2:1:0.5 , 1:1 ROOF , LARGE TURBULENCE
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FIGURE 2-11 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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. (Cp/Cpd)

NORMALIZED Cp

NORMALIZED Cp , (Cp/Cp.)

CERMAK {1981) , 3:3:2 , 1:2 ROOF
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FIGURE 2-12 NORMALIZED PRESS. COEFF. VS WIND ANGLE
HAMILTON (1962) , 1:1:1 , FLAT ROOF , SUBURBAN
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FIGURE 2-13 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cps)

. (Cp/Cpa)

NORMALIZED Cp
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FIGURE 2-14 NORMALIZED PRESS. COEFF. VS WIND ANGLE

HAMILTON (1962) , 1:1:1 , 30 DEG ROOF , SUBURBAN
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FIGURE 2-15 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp . {Cp/Cps)

(Cp/Cps)

NORMALIZED Cp .

HAMILTON (1962) , 1:1:1 , 45 DEG ROOF , SUBURBAN
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FIGURE 2—-16 NORMALIZED PRESS. COEFF. VS WIND ANGLE

VICKERY (1983) . 100:80:16, 1:12 ROOF , OPEN

. 4:5= 1,250, a= 4.8, b= 0.0
% : S= 0.800, o= 0.0, b= 4.8

+

—r 1 - 1 1 1 1T F T3~
0 20 40 60 80 100 120 140 160 180

WIND ANGLE (AS)
FIGURE 2-17 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cps)

NORMALIZED Cp , (Cp/Cp.)

VICKERY (1983) , 125:80 , 4:12 ROOF , OFEN
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FIGURE 2-18 NORMALIZED PRESS. COEFF. VS WIND ANGLE

VICKERY (1983) , 125:80 , 1:12 ROOF , QPEN
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FIGURE 2-19 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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' (CP/CPo)

NORMALIZED Cp

. (Cp/Cpa)

NORMALIZED Cp

VICKERY (1983) , 125:80 , 4:12 ROOF , SUBURBAN
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FIGURE 2-20 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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VICKERY {1983) , 125:80 , 1:12 ROOF , SUBURBAN
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FIGURE 2-21 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cps)

NORMALIZED Cp , (Cp/Cpa)
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WIREN (1983) , 130:85:32 , 45 DEG ROOF , OPEN
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FIGURE 2-22 NORMALIZED PRESS. COEFF. ¥vS WIND ANGLE

LUSCH (1964) , 4:2:1 , FLAT ROOF
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FIGURE 2-23 NORMALIZED PRESS. COEFF. VS WIND ANGLE




NORMALIZED Cp , (Cp/Cpad)

NORMALIZED Cp ., (Cp/Cps)

LUSCH (1964) , 4:2:1 , 10 DEG ROOF
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FIGURE 2-24 NORMALIZED PRESS. COEFF. VS WIND ANGLE

LUSCH (1964) , 4:2:1 , 20 DEG ROOF
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FIGURE 2-25 NQORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cpa)

.(CP/CPJ

NORMALIZED Cp
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FIGURE 2-26 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cp,)

! (CP/CD;)

NORMALIZED Cp

LUSCH (1964} , 4:2:1 , 60 DEG ROOF
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FIGURE 2-28 NORMALIZED PRESS. COEFF. VS WIND ANGLE

ASHLEY (1984) , 8:1:0.5 , FLAT ROOF » SUBURBAN
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FIGURE 2-29 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cpd)

' (CP/CPo)

NORMALIZED Cp
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FIGURE 2-30 NORMALIZED PRESS. COEFF. VS WIND ANGLE

ASHLEY (1984) , 2.7:1:0.5 , 24 DEG ROOF , SUBURBAN
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FIGURE 2-31 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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NORMALIZED Cp , {(Cp/Cpa)

NORMALIZED Cp , (Cp/Cpa)

AKINS (1979) , 1:1 , FLAT ROOF , SUBURBAN
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FIGURE 2-32 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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FIGURE 2-33 NORMALIZED PRESS. COEFF, VS WIND ANGLE
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NORMALIZED Cp , (Cp/Cpa)

PREDICTED NORMALIZED Cp

AKINS {1979) , 4:1 , FLAT ROOF ,
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FIGURE 2-34 NORMALIZED PRESS. COEFF. VS WIND ANGLE
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PREDICTED NORMALIZED Cp

PREDICTED MORMALIZED Cp
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PREDICTED NORMALIZED Cp

PREDICTED NORMALIZED Cp
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Cp AT ZERD INCIDENCE

O LONG WALL
I SHORT WALL

AVERAGE = 0.59

NODEL
FIGURE 2-44: Cp AT ZERO INCIDENCE FROM YARIOUS MODELS

Source Nodel
LeWsE Root Terrain
1} JENSEN (1945} 1:l:l flatroof, Open
2) JEMSEN  (19635) 2:1:1 flatroof, Industrial
1) JEWSEN {19635} 2:1:1 1:1 roof, Open
4) JEMSEN  (1963) 2:1:1 1:1 roof, Industrial
3} JENSEN (1963} 2:1:0.% 11l zoof, Industrial
§) CERMAK  (1981) 36:136:24 1l:2 root
7} BAMILTOM (1962) l:lil flat roof, Suburban
8) EAMILTON (1962) l:lil 15 deg roof -
9) BAMILTON (1962) 1:l:l 30 deg roof -
10} BANILTON (19621) l:lil 45 deq roof .
11) VICKERY (1983) 100:80 1112 root Ogcn
12} VICRERY (1983) 125;80 4112 roof
13) VICKERY (1983) 125:80 1112 rcoof .
14) VICKERY (1983) 1125:80 12:12 roof *
15) VICEERY (1983} 125:80Q 4312 roof Suburban
16) vICKERY (1983} 125:80 1112 roof .
17) VICKERY (1983} 125:80 12:12 roof .
18) WIREW (1985) 130:85:32 1:l1 roof Cpan
19} LUSCH (1964) 4:12:1 0 deg roof Suburban
20) LUSCH (1964) 4121l 10 deg roof .
21) LUSCH (1964} 4:12:l1 20 deg roof "
22) LUBCAH (1984) 4121l 30 deg roof .
23) Lusca (1964) 4:12:1 40 deg roof .
24) LUSCH (1964) 431231 60 deg roof "
25) ASHLEY (1984} 8:1:0.5 Flat roof -
26) ASHELEY (1984} 10:3:1.5 20 deg roof "
27) ASHLEY (1984} 2.7:1:0.5 24 deq roof .
28) AKINS (1979 1:1 Flat roof .
29) AKINS (1979} 2:1 Flat roof -
30) AKINB (197%) 41l flat roof .

Notw: Where building height is not spacified, the Cp
was obtained at by averaging the data from models
of same side ratio but differsnt heights.
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Figure 2-45 Surrounding effects and convention for obstruction angle (aw)
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FIG.2-52: Cp DIFFERENCE BETWEEN CONFIGURATIONS A10 A20, A30, A40

AND UNOBSTRUCTED BUILDING CONFIGURATION (A00).
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FIG.2-56: Cp DIFFERENCE BETWEEN CONFIG RATIONS)MD A20, AJ0. A40

AND UNOBSTRUCTED BUILDING CONFIGURATION {A0D).
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FIG.2-58: Cp DIFFERENCE BETWEEN CONFIGURATIONS A10, A20, AJ0, A4D

AND UNOBSTRUCTED BUILDING CONFIGURATION (AOO).
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The correction/modification for wall AC should be as follows :

o
i. For g in the positive direction up to 90,
Cp may be taken as the value at 0 incidence (i.e Cp=0.6)

O
ii. For o in the positive direction greater than 907,
no correction is suggested.

iii., For a in the negative directionand up to —900, include
the apertures in wall AC as if they are in Wall EC and
use normal equations,

Figure .59 Correction/Modification to Cp for the Presence
of Garage or Wingwalls
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Wind Direction

The following modification to Cps for walls AB, AC and BD is
suggested as follows :

i. For angles a up to * 450, Cp for all walls AB, AC and
BD may be assumed to be the value at zero incidence
{i.e. Cp = 0.6) .

ii. For positive a up to 600, walls AB and AC may be taken
to be at zero incidence (i.e. Cp=0.6). Window(s) in wall
BD may be added to those in wall EF .

iii. For negative angle o up to 600. walls DB and AB may be
taken to be at 0 incidence (i.e. Cp=0.6). Window(s) in
AC may be added to theose in wall EF .

iv. For angle o« beyond * 600, the apertures in all three
walls should be treated as if they are in leeward region.
Thus, add all the aperture areas in walls AC, AB gnd BD
and include them as areas in wall GE for a > 4+ 60, and
in wall HF fora <- 60 .

Pigure 2-60 Modification to Cp for U-Shaped Building
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Figure 2-61 DISCHARGE COEFFICIENTS FOR HIGH REYNOLD NUMBER FLOW (From VICKERY)

. :
8.5 1.0
Ag/A



Page 2-92

OUTFLOW

1.0
Cs
0.9
0.8
0.7
0.6 : . : : . — . :
0 | 0's 1.5
AJJA

Figure 2-62 DISCHARGE COEFFICIENTS FOR HIGH REYNOLD NUMBER FLOWS {From VICKERY)
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XI=1.0 XL=0.0

XI=0.0 [ XI=1.0
Wind Direction Side 3
Side 2 Side 4
x=1.0 Side 1 XL=0.0
Sow— s
XL=0.0 XL=1.0

(a) . Akins Definition of Origin for XI. Coordinate

. XI=1.0 XL=0.0
Wind Directiocn l |

t{/// L4 ALY S0P
|

XI=0.0 XL=1.0

Wind Direction
(1) (ii)

(b). Our Definition of Origin for XL Coordinate
XL=0 is always the edge away from the wind direction

Figure 2-63 Origin Definition for Coordinate XL for Tall Building
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Figure 2-65: The plan of FSEC

experiments,

PV house

used for wventilation
showing window location, window areas (in sq.

ft.)
and measured air change rates for three wind directions.





