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Nomenclature

A Area

A;  Door section area of the ith section

by,  Air curtain nozzle depth

b, Nozzle depth of the virtual air curtain

C, Airflow coefficient

Cp Discharge coefficient

Cp.. Average discharge coefficient for each door operation section
D  The distance from the test point to the discharge nozzle
D, The distance from the test point to the virtual nozzle
Dy .. Discharge modifier (air curtains)

H  Door height

H, Door height of the virtual air curtain

q  Representative flow rate

q;  Representative flow rate of the ith section

q,  Representative flow rate at the air curtain level

q;  Representative flow rate at the ground level

QO  Volume flow rate

Q¢ Total volume flow rate with the air curtain installed
Q¢ Volume flow rate of the ith section

QOsp Volume flow rate of the single door

AP,; Pressure difference across the air curtain doors

u  Airflow velocity

uy,  Discharge velocity

uy  Average discharge velocity of the ith nozzle section
ur  Equivalent discharge velocity

uz;  Equivalent discharge velocity of the ith nozzle section
Ui Measured airflow velocity of the ith section

u,  Discharge velocity of the virtual air curtain
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W Door width

w;  Section width of the ith section
X Distance to the air curtain

0 Air curtain discharge angle

p Air density

( EJ Efficiency factor

SD

1 Introduction

Air infiltration and exfiltration through building entrance doors may contribute to a
large part of building heating and cooling loads. In previous studies, the operational
characteristics of air curtain units were investigated and the potential in energy sav-
ing was justified ([4, 5, 6, 15, 16]). The airflow patterns of the air curtain jet under
different pressure differences could be categorized into three working conditions:
inflow breakthrough (IB), outflow breakthrough (OB), and optimum condition (OC)
[7, 13—16], corresponding to the different performances of blocking the infiltration/
exfiltration between indoor and outdoor environments.

The infiltration/exfiltration flow rate reflects the sealing effectiveness of air cur-
tain units [2, 6, 10, 11]. However, there is no efficiency evaluation method that is
convenient enough to obtain the infiltration/exfiltration information through door
openings. Current air curtain efficiency rating method used in Europe requires a
full-scale testing in an environmental chamber [3, 8] involving a series of well-
controlled test conditions, such as chamber temperature, pressure, fan power, etc.
The infiltration/exfiltration flow rate through the test chamber door opening is mea-
sured to obtain the efficiency factor of the air curtain based on the test sensors.
Meanwhile, another air curtain test method proposed by American National
Standards Institute/Air Movement and Control Association (ANSI/AMCA)
Standard 220-05 [1] or International Organization for Standardization (ISO)
Standard 27327-1:2009 [12] is focused on the aerodynamic performance in terms of
airflow velocity and uniformity. Without the need of the climate chamber testing, a
test can be conducted in a common environment, so it is relatively simpler than the
European method. However, there is a lack of method that can relate the ANSI/
AMCA or ISO Standards velocity test results to the infiltration/exfiltration rate and
the air curtain efficiency. If the aerodynamic performance and the infiltration rate
can be related directly, the ANSI/AMCA or ISO aerodynamic test method could be
directly applied to the efficiency rating, which significantly reduces the cost of test-
ing and rating while promoting a widely accepted standardized test methodology.

In this study, the relationships between the infiltration/exfiltration rates and the
pressure differences for different air curtain discharge velocities are explored and
correlated based on multiple computational fluid dynamic (CFD) simulation results.
A novel method to relate the air curtain aerodynamic performance data to its effec-
tiveness was developed for the calculation of the air curtain efficiency factor.
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In Sect. 2, the details and the procedure of this method are explained. Section 3
demonstrates the whole procedure by three case studies. Section 4 elaborates the
validation method and the results. Finally, the conclusions and limitations of the
current study are outlined in Sect. 5.

2 The Efficiency Factor Calculation Methods

2.1 The Method for Door Height Within 3 Meters

The air curtain effectiveness is often assessed by the efficiency factor n[’;—g] (Eq.- D

[6] based on the ratio of the flow rate through the door opening with the air curtain
(i.e., air curtain door), and without the air curtain installed (i.e., single door). The
single-door flow rate O, can be estimated by the model (Eq. 2) proposed by Yuill
[17, 18] dependent on the door size and the pressure difference. It is common that
the discharge coefficient for the single door, Cp = 0.65. For the air curtain door, the
infiltration rate O, may also depend on the air curtain jet properties. Note that here-
after, the infiltration and the infiltration/exfiltration are used interchangeably if not
specified. Wang and Zhong [15, 16] developed the air curtain infiltration/exfiltration
model by adding a modifier coefficient D), 4¢ (Eq. 3) to Eq. 2. The coefficients in the
model, Cp ¢ and Dp_4¢, can be characterized by experiments or simulation results.
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The proposed air curtain effectiveness rating method estimates the infiltration
rates from the aerodynamic performance measurement data to determine the air
curtain effectiveness for various design parameters, for example, discharge velocity
uy, nozzle depth b,, discharge angle a, and door height H.

The discharge velocities of the nozzle sections are directly related to the capabil-
ity of the air curtain to protect the corresponding door sections against the indoor
and outdoor pressure differences. Following ANSI/AMCA Standard 220-05 [1] or
ISO Standard 27327-1:2009 [12], if x is the coordinate direction along the jet flow
centerline and y is the distance to the centerline in the plane perpendicular to the
x-axis, the centerline peak velocity u, ; (v = 0) from a distance D to the nozzle sec-
tions can be measured (Fig. 1).
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Fig. 1 Aerodynamic test setup specified in ANSI/AMCA Standard 220-05 [1]

In the standard, the air curtain vanes are adjusted to an angle of 15° (Fig. 2b). In
comparison, the proposed aerodynamic test by this study is slightly different, which
requires the discharge angle to be 0° (Fig. 2a).

The reason is that the proposed method needs to calculate air curtain discharge
velocities based on the jet theory, which has nothing to do with the jet angle. In
other words, this study assumes that the air curtain jet follows the jet theory equa-
tion (Eq. 4) in the fully developed zone (x > 5.2 by) [9]. Using the measured velocity
distribution for the setup in Fig. 2a following the ANSI/AMCA Standard 220-05 or
ISO 27327-1:2009, we can back-calculate (or inversely calculate) the average dis-
charge velocity of each nozzle section u, ; (Eq. 5).

izﬁ b"ﬂ{l—tanhz (0'2 Xﬂ,x>5.2b0,crz =17.67 )
X

u, 2 X

" b
i _ % %2 y=0,6,=7.67.x=H (5)

Uy, X

When the air curtain discharge velocity for each section is known, it is then pos-
sible to determine the corresponding air curtain door infiltration/exfiltration rate, Q,
based on a series of standard air curtain Q- AP curves. These figures are obtained
using the existing experimental and numerical simulation studies of previous air
curtain studies, which cover a wide range of pressure differences and typical dis-
charge velocities and angles. For a given air curtain unit with known discharge

velocity and angle, and operating pressure difference, the infiltration/exfiltration
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a)
Set the discharge angle 6 = 0° (the vanes and jet direction perpendicular to the nozzle).
The test lines parallel to the nozzle, also perpendicular to the jet direction.

Nozzle

Test lines Test lines

Jet direction

discharge angle 8 =0°

b)
Set the discharge angle @ = 15°.
The test lines parallel to the nozzle.

Test lines I Test lines

Jet direction
Nozzle

ischarge angle 8 = 15°

Vanes

Fig. 2 Difference of the top views of (a) the proposed aerodynamic test in this method and (b) the
method in ANSI/AMCA Standard 220-05 [1]

flow rate values for the air curtain can then be interpolated among these curves. The
air curtain efficiency factor can then be evaluated using Eq. 1.

In this report, the scenarios of three typical discharge angles (0°, 10°, 20°), two
nozzle depths (0.08 m and 0.10 m), and two door heights (2.4 m and 3 m) are con-
sidered as listed in Table 1 and the typical Q- AP curve figures are provided in the
Appendix A. The figures for a 0.71 m height door, nozzle depth 0.0635 m, and 20°
discharge angle were generated by previous research data for the validation of the
proposed method.

When an air curtain supply nozzle is separated into n sections and the width of
the ith (i = 1~n) section is w;, each nozzle section is supposed to protect a corre-
sponding door section below with an area of A; = Hw,. Therefore, an important step
is to relate the area-averaged infiltration rates of the sections to their calculated
discharge velocities. The typical Q- AP curves have been adjusted with a represen-
tative flow rate g as defined in Eq. 6a and substituted for the volumetric flow rate O
in Fig. 3. After the value of ¢; for each air curtain subsection is interpolated, the
infiltration rate of the door sections can be calculated by Eq. 6b. For this study, only
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Table 1 List of the typical Q- AP curve figures

L. (Leon) Wang et al.

Discharge angle Nozzle depth Door height
(°) (m) (m) Figure index
20 0.0635 0.71 Case [20, 0.0635, 0.71] (for
validation)
0 0.08 2.40 Case [0, 0.08, 2.4]
3.00 Case [0, 0.08, 3.0]
0.10 2.40 Case [0, 0.10, 2.4]
3.00 Case [0, 0.10, 3.0]
10 0.08 2.40 Case [10, 0.08, 2.4]
3.00 Case [10, 0.08, 3.0]
0.10 2.40 Case [10, 0.10, 2.4]
3.00 Case [10, 0.10, 3.0]
20 0.08 2.40 Case [20, 0.08, 2.4]
3.00 Case [20, 0.08, 3.0]
0.10 2.40 Case [20, 0.10, 2.4]
3.00 Case [20, 0.10, 3.0]
v A
_—
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Fig. 3 Typical Q- AP curves in Goubran, et al. [7]
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isothermal situation is investigated so the air density is considered a constant (1.2
kg/m?). Finally, the total airflow rate can be calculated by the sum of all the door

sections (Eq. 7).
q=—= (6a)
A f
p

2
Qici =A |~y b
b (&

Qi = ZQACJ 7

i=1

In summary, the five-step procedure to calculate the efficiency factor is as
follows:

1. Separate the discharge nozzle into multiple sections and perform the aerody-
namic test following ANSI/AMCA Standard 220-05 or ISO 27327-1:2009 to
measure the jet flow distribution, u,. ;.

2. Calculate the discharge velocity u, ; for each section based on the measured
velocity and the jet theory (Eq. 5).

3. Determine the representative flow rate g; for each nozzle section from the stan-
dard Q- AP curves in Appendix A.

4. Calculate the infiltration rate for each door section Q,¢ ; (Eq. 6), then sum them
up to obtain the total airflow rate through the door Q,¢ (Eq. 7); and calculate the
infiltration rate for the corresponding single door, Qsp, by Eq. 2.

5. Calculate the efficiency factor, 77( Ej , (Eq. 1).

SD

2.2 The Method for Door Height over Three Meters

In our proposed method, the important step is to determine the representative flow
rate g by the standard Q- AP curves. Normally, a standard figure for the Q- AP
curve is used for a specified series of products that share the similar parameters
(nozzle depth by, discharge angle @, and door height H). The specific scenarios in
this report are listed in Table 1, limited to the door height of less than three meters.
To apply these standard Q- AP figures for the door height more than three meters,
we proposed a new method based on the concept of the equivalent air curtain model
as explained in Fig. 4.

In an actual situation, the jet flow degrades and diverges gradually with the dis-
tance from the air curtain nozzle, implying that most of the infiltration/exfiltration,
if any, should occur near the ground level rather than the higher level: that is, g, < g;.

For a door height more than three meters, if we follow the proposed method in
the previous section (Fig. 4a), we need to determine ¢; (Eq. 6), which is the
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a) Original Model Theoretical Jet Flow Velocity Distribution b) Equivalent Model
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Fig. 4 (a) The original model and (b) the equivalent model for more than 3 m door height

area-averaged infiltration/exfiltration rate. The existing standard figures are based
on the door height of three meters or less. For the door height over three meters, it
is possible to assume that a virtual air curtain with the nozzle depth b, is located at
the height of three meters above the floor (the equivalent model in Fig. 4b). This
assumption is reasonable since for a typical air curtain, most of the infiltration/exfil-
tration occurs near the floor. Then, a similar five-step procedure as in Sect. 2.1 can
be applied to the door higher than three meters with the following two assumptions:

1. The virtual air curtain located at 3-m height from the floor is with the nozzle
depth of b, and the equivalent discharge velocity u;.

2. The area-averaged infiltration rate, g;, through the 3-m-height door section with
the virtual air curtain is the same as that of the whole-door section with the actual
air curtain unit.

Accordingly, the second and the third steps of the five-step procedure in Sect. 2.1
should be adjusted. In the second step, after the nozzle section is separated, the
equivalent discharge velocity u; at 3-m height should be calculated using the nozzle
depth b, instead of the actual air curtain depth at the same height, b,. For the third
step, the standard figures for 3-m-high door should be used for the interpolation of
the equivalent flow rate g, with the exception that the actual door height H should
be used for the calculation of the total door section infiltration rate Quc, ; and the
single-door flow rate Qgp.
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2.3 Resulting Calculation Procedure of Efficiency Factor

The methods are illustrated by the flowchart in Fig. 5. Note the velocity distribution
is measured at the objective distance, that is, at the floor level: H (the door height)
from the nozzle. For the equivalent model, the distance to the virtual air curtain unit
is always 3 m. When there is no standard figure available, the existing standard fig-
ures close to the design parameters should be used by either interpolations or
extrapolations.

PREPARE: Given the design parameters of a product: H, W, by, 8, A Py
Separate the nozzle into n sections: W = Yit | ;.
For the ith door section: 4; = Hwy.

_St_c; 1: I\J'Jd);;lﬁac_sl_ ________ Air curtain aerodynamic
(ANSIVAMCA Standard 220-05) performance test:

Upest,i

Step 2: Calculate the discharge velocity.
Thovectacal &t Flow Viekocity Distnbutson

Original Model Equivalent Model
Inverse calculate the Inverse calculate the

discharge velocities: equivalent discharge velocities:

V3 V3
Yoi = Uresti [ | 5 % L= "mu/ =z %
g =7.67.x=H o;=7.67,x=H,
I |
Step 3: Interpolate g; from standard figures.|| Select a Standard figure for Select a Standard figure for
CPA A= Cai LR} H, by, 8. H, =3m, by, 8.
| For a specified A Py, For a specified A Py,
i | interpolate g, from typical interpolate q; from typical

HEme = pa e EEEE Q-AP curves by ug, Q-AP curves by ug;

_SI_['; 4 denti I'; theairflow rates. Calculate the infiltration/exfiltration rates with air curtain installed,

Qaca = "‘[ﬁ qis Qnt'zoux
i=1
Calculate the i ti i ingl 5
Qsp = CpA ’z ipﬂ
_St_q; 5: Calculate the ¢ I'I_ia;-.;:;« factor. Calculate the efficiency factor,
g 1@acl
48) =~ iQsal
END

Fig. 5 Flowchart illustrating the procedure to calculate the efficiency factor
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3 Case Studies and Discussions

In this section, three case studies are conducted to demonstrate the proposed effi-
ciency factor calculation method. The first case study is for ordinary scenarios
where the door height is within 3 m and corresponding standard figures are avail-
able; thus the procedure of calculation follows the original model in the flowchart in
Fig. 5. The second and third case studies are for scenarios of door height more than
3 m; thus an estimation of the efficiency factor can only be carried out through the
equivalent method by using the provided standard figures for 3 m doors.

The air curtain work conditions can be classified into three categories: the inflow
breakthrough, optimum condition, and outflow breakthrough (Fig. 3). This classifi-
cation is only based on the airflow rate through the door opening and the overall
pattern of the air curtain jets. When it comes to the efficiency factor, as is defined by
Eq. 1, the ratio of the absolute value of the infiltration/exfiltration flow rate with and
without an air curtain installed matters. The distribution of the efficiency factor with
the pressure difference will follow the theoretical pattern in Fig. 6. Some negative
efficiency factor may occur in the outflow breakthrough and optimum conditions,
respectively (Fig. 6). The negative efficiency factor values indicate that air curtain
will have more exfiltration than single door. From considering a real-life scenario
and mass balance, the exfiltration due to air curtain ought to be replaced from
another source. With this concept, the correction to the 1 ,r[ Ej was made as shown
by the corrected curve (i.e., dashed lines) in Fig. 6. sD

When the pressure difference is large enough to bend the main part of the air
curtain jet, a CFD analysis shows that the air curtain jet may cause more airflow
exfiltration rate through the door (Fig. 7). This phenomenon can be illustrated by the
left red region in Figs. 3 and 6.

When the pressure difference is close to O Pa (the central red region in Figs. 3 and
6), the single-door infiltration/exfiltration flow rate is close to zero, and the corre-
sponding efficiency factor defined by Eq. 1 would tend to become the infinity. This

= — Alr curtain i,
5

= = = Air curtain
corrected

Vestibule n,;,

AP (Pa)

10 30 50

Fig. 6 Theoretical efficiency factor value distribution with different pressure difference [6]
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Air curtain jet flow: -~

Fig. 7 Airflow pattern of fully outflow region

means that the efficiency factor in Eq. 1 becomes meaningless and trivial for
this region.

3.1 Case 1: An Air Curtain for 2.4 m Door

The proposed method is demonstrated for an actual commercially available air cur-
tain unit identified as Model A. In this case, the air curtain has a nozzle width of
1.98 m and a depth of 0.08 m, a discharge angle of 20° outward, and is designed for
installation on a 2.4-m-high door.

Multiple CFD simulations were conducted to obtain the typical Q- AP curves, as
shown in Fig. 3 based on the leakage model for air curtains (Eq. 3), for seven dis-
charge velocities from 8 m/s to 20 m/s. The air curtain nozzle is separated into 20
sections. The width of the nozzle sections and the corresponding door sections are
listed in Table 2.

In the first step, the velocity distributions at 2 m from the nozzle were measured
ranging from 3.47 m/s to 4.84 m/s. Please note that the velocity distribution data
provided from the manufacturer are only available up to 2 m instead of the door
height of 2.4 m. Therefore, the current calculation is based on the velocity at 2 m. It
is also recommended that when applying the method developed in this report, to
avoid interpolations/extrapolations, the velocity distribution measurements should
be available at least up to the door height where an air curtain is intended to be
installed. In the second step, the corresponding discharge velocity for each section
was calculated according to the jet theory in Eq. 5, where the distance x from the test
points to the nozzle is 2 m. In the third step, it requires to identify the representative
infiltration rates g value from the modified typical Q- AP curves. The discharge
velocities of the sections in this case are in the range of 7.2 m/s and 10.1 m/s, so only
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Table 2 Average flow rates of each nozzle section for Model A

Nozzle | Door Average flow rate g; (Pa®)
section | section for different pressure differences

Section | Measured Uy width area

number | velocity (m/s) | (m/s)  (m) (m?) 25Pa | 9Pa |1Pa —1Pa | -9 Pa
1 4.84 10.1 1 0.1275 |0.306 264 |1.10 | -0.15 |-0.53 | -2.03
2 4.11 8.6 10.095 0.228 281 |1.31 | -0.10 |-0.58 | —-2.06
3 4.02 8.4 10.095 0.228 284 |1.34 | -0.09 |-0.59 |-2.07
4 4.53 94 10.0975 0.234 272 120 | -0.12 |-0.56 |-2.05
5 4.27 8.9 10.0975 0.234 278 |1.27 | -0.11 |-0.57 | -2.06
6 3.89 8.1 0.095 0.228 2.87 | 1.38 | -0.08 |—-0.60 | —2.08
7 4.04 8.4 10.095 0.228 284 |1.34 | -0.09 |-0.59 |-2.07
8 44 9.2 10.095 0.228 275 | 1.22 | -0.12 |-0.56 | -2.05
9 3.79 7.9 10.095 0.228 2.89 140 | -0.08 |—-0.61 |—-2.08
10 4.1 8.5 10.0975 0.234 283 132 | -0.10 |-0.59 |-2.07
11 3.84 8.0 10.0975 0.234 288 |1.39 | -0.08 |—0.61 |—-2.08
12 4.49 9.4 10.095 0.228 272 120 | -0.12 |-0.56 | —-2.05
13 3.75 7.8 10.095 0.228 291 142 | -0.08 |-0.61 |—-2.08
14 4.37 9.1 10.095 0.228 2776 | 1.24 | -0.12 |-0.57 | -2.05
15 3.86 8.0 10.095 0.228 288 |1.39 | -0.08 |-0.61 |—-2.08
16 4.02 84 10.0975 0.234 284 134 | -0.09 |-0.59 |-2.07
17 39 8.1 10.0975 0.234 287 |1.38 | —0.08 |—0.60 |—2.08
18 4.17 8.7 10.095 0.228 280 [ 1.29 | -0.10 |-0.58 |—-2.06
19 3.47 7.2 10.095 0.228 297 150 | -0.06 |-0.63 |—-2.10
20 3.94 82 10.1075 0.258 286 |1.36 | —0.09 |-0.60 |—-2.07
Total value 1.96 4.704

the curves of 8 m/s, 10 m/s, and 12 m/s in Fig. 17 were used for the calculation of
g;- The results for these three steps are shown in Table 2.

In the fourth step, the airflow rate through each door section Q¢ ; can be calcu-
lated according to the door section areas and the local air density. By summing up
the volumetric flow rate through each door section, the total airflow rates Qac are
calculated to be 16.96 m?/s, 7.90 m¥/s, —0.59 m?¥s, —3.52 m?/s, and —12.42 m?/s
under the pressure difference of 25 Pa, 9 Pa, 1 Pa, —1 Pa, and -9 Pa, respectively. For
the pressure difference of -9 Pa, the airflow rate with an air curtain may exceed that
of a single door, which is only —11.72 m%s. The air exchange rate Qgp of a single
door is calculated by Eq. 2.

Finally, the efficiency factor 77(%] can be found using Eq. 1. The results show

that this air curtain unit has the ability to block 13% infiltration for the 25 Pa pres-
sure difference, and 33% at 9 Pa pressure difference. The best efficiency is achieved
for 1 Pa with 85%. For —1 Pa and -9 Pa, the corresponding efficiency factor reduced
to 10% and —6%, respectively. The air curtain may step into the negative efficiency
at the pressure difference of -9 Pa (Fig. 7). This is an example to show that, for a
large outward discharge angle (20°), the air curtain can still perform well to separate
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Table 3 Volume flow rate through the door and the air curtain efficiency for Mode A

Volume flow rate Q; m*/s
Uy under different pressure differences
Section number (m/s) 25 Pa 9 Pa 1 Pa —1Pa -9 Pa
1 10.10 1.03 0.43 —-0.06 —-0.21 -0.79
2 8.60 0.82 0.38 —-0.03 —-0.17 —-0.60
3 8.40 0.83 0.39 —-0.03 —-0.17 —-0.60
4 9.40 0.81 0.36 —0.04 —-0.17 —-0.61
5 8.90 0.83 0.38 —-0.03 —-0.17 —-0.62
6 8.10 0.84 0.40 —-0.02 —-0.18 —-0.60
7 8.40 0.83 0.39 -0.03 —-0.17 —0.60
8 9.20 0.80 0.36 —-0.03 —-0.16 —-0.60
9 7.90 0.84 0.41 —-0.02 —-0.18 —-0.61
10 8.50 0.85 0.40 —-0.03 —0.18 —0.62
11 8.00 0.86 0.42 -0.02 —-0.18 —0.62
12 9.40 0.79 0.35 —-0.04 —-0.16 —-0.60
13 7.80 0.85 0.41 —-0.02 —-0.18 —-0.61
14 9.10 0.80 0.36 —-0.03 —-0.16 —0.60
15 8.00 0.84 0.41 —-0.02 —-0.18 —-0.61
16 8.40 0.85 0.40 —-0.03 —-0.18 —-0.62
17 8.10 0.86 0.41 —-0.03 —-0.18 —-0.62
18 8.70 0.82 0.38 —-0.03 —-0.17 —-0.60
19 7.20 0.87 0.44 —-0.02 —-0.18 —-0.61
20 8.20 0.94 0.45 —-0.03 —0.20 —-0.68
Total Qac m¥/s 16.96 7.90 -0.59 -3.52 -12.42
Total Qgp, m?/s 19.53 11.72 391 -3.91 -11.72
Efficiency factor 0.13 0.33 0.85 0.10 —-0.06

the indoor and outdoor environments when the outdoor pressure is much higher
than indoor (25 Pa pressure difference), but this protection can be easily destroyed
by a small negative pressure difference (-9 Pa). The results for the last two steps are
shown in Table 3.

3.2 Case 2: An Air Curtain for 5 m Door

The air curtain unit described in Model B is designed for a 5-m-high door, with a
nozzle width of 0.9 m and a depth of 0.08 m, and the discharge angle of 10° out-
ward. The standard figures for door height of 3 m, nozzle depth of 0.08 m, and dis-
charge angle of 10° were used for the calculation of g, The air curtain nozzle is
separated into nine sections equally, with the nozzle section width of 0.1 m and the
door section area of 0.5 m?.
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Table 4 lists the results of the first three steps. In the first step, the measured
velocity distribution at five meters from the nozzle was from 3.56 m/s to 4.57 m/s
following the standard. In the second step, the corresponding equivalent discharge
velocities at 3 m for each section were calculated to be in the range of 9.08 m/s and
11.67m/s according to the jet theory in Eq. 5. In the third step, the typical Q- AP
curves in Fig. 21 for 3 m door are used for the interpolation of ¢g; for each nozzle
section.

Table 5 summarizes the results of steps 4 and 5. In the fourth step, the airflow
rates through each door section Q,c ; are calculated according to the real door sec-
tion areas (0.5 m?). By summing up the volumetric flow rate through each door
section, the total airflow rates Qxc are calculated to be 16.58 m?/s, 8.00 m?/s, —0.04
m¥/s, —2.43 m’/s, and —11.11m%s under the pressure difference of 25 Pa, 9 Pa, 1
Pa, —1 Pa, and -9 Pa, respectively. The air exchange rate Qgp of a single door is
calcula;;f:d by Eq. 2 using the real door size (4.5 m?). In the fifth step, the efficiency
factor (’;—g] can be calculated by Eq. 1. The results show that this air curtain unit
has the ability to block 11% infiltration for the 25 Pa pressure difference, and 29%
at 9 Pa pressure difference. The best efficiency is also achieved for 1 Pa with 99%.
For —1 Pa and -9 Pa, the corresponding efficiency factor reduced to 35% and 1%,

respectively.

3.3 Case 3: An Air Curtain for 8 m Door

The air curtain unit Model C is designed for an 8-m-high door, with a nozzle width
of 2.4 m, a depth of 0.2 m, and a discharge angle of 15° outward. As the size of this
air curtain is too large for the aerodynamic test, it is separated into three modules
equally along the nozzle width. Each of them has a nozzle width of 0.8 m. The

Table 4 Average flow rates of each nozzle section for Model B

Nozzle Door Average flow rate g; Pa%>
Measured | Equivalent | section section for different pressure differences

Section | velocity | ug width area 25

number | (m/s) (m/s) (m) (m?) Pa |9Pajl1Pa |—1Pa |-9Pa
1 4.32 11.02 0.1 0.5 2.82 11.33| -0.03 | -0.39 |—-1.91
2 4.06 10.38 0.1 0.5 2.8811.39|-0.02 | -0.42 |-1.93
3 4.06 10.38 0.1 0.5 2.88 1.39|-0.02 | -0.42 |—-1.93
4 3.56 9.08 0.1 0.5 298 |1.50 0.04 | -048 |—-1.98
5 3.81 9.73 0.1 0.5 2931144000 |-045 |-1.96
6 3.56 9.08 0.1 0.5 298 1.50/0.04 | -0.48 |—1.98
7 3.81 9.73 0.1 0.5 2931144 000 |-045 |-1.96
8 4.57 11.67 0.1 0.5 277 |1.27, -0.04 | -0.35 |—1.88
9 4.57 11.67 0.1 0.5 277 11.27|-0.04 | —-0.35 |—1.88
Total value 0.9 4.5
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nozzle partitioning method and the dimensions of nozzle sections are illustrated in
Fig. 8. The three modules have been further separated into five nozzle sections in
the same way according to the standard, and the test results for each module are the
same. For the whole air curtain nozzle, there are 15 sections in total, among which
sections 1, 5, 6, 10, 11, and 15 have a section width of 0.28 m (door section area
2.24 m?), and the rest of them 0.08 m (door section area 0.64 m?). Because the test
results and the dimensions of each module are the same, the efficiency factor of the
whole unit is the same with one of the modules. Therefore, the calculation proce-
dure demonstrated below will be carried out for only one module and the results of
the efficiency factors can represent for the whole unit.

The velocity distribution data at 8 m to the nozzle are used for the calculation.
The calculation procedure is demonstrated in Fig. 9. Since the nozzle depth of this
unit is 0.2 m, the airflow rate calculation will be performed twice for the nozzle
depth of both 0.08 m and 0.1 m, and then followed by an extrapolation process to

Table 5 Volume flow rate through the door and the air curtain efficiency for Model B

Equivalent Volume flow rate Q; m*/s
ug under different pressure differences
Section number (m/s) 25Pa 9 Pa 1 Pa —1Pa -9 Pa
1 11.02 1.80 0.85 —0.02 —0.25 —-1.22
2 10.38 1.84 0.89 —0.01 —0.27 -1.23
3 10.38 1.84 0.89 —-0.01 -0.27 —-1.23
4 9.08 1.90 0.96 0.03 —0.31 —1.26
5 9.73 1.87 0.92 0.00 -0.29 -1.25
6 9.08 1.90 0.96 0.03 -0.31 —1.26
7 9.73 1.87 0.92 0.00 -0.29 -1.25
8 11.67 1.77 0.81 -0.03 -0.23 —1.20
9 11.67 1.77 0.81 —0.03 -0.23 —1.20
Total Qxc m/s 16.58 8.00 -0.04 -2.43 —11.11
Total Qsp m*/s 18.69 11.21 3.74 -3.74 —-11.21
Efficiency factor 0.11 0.29 0.99 0.35 0.01
2.4m
A
' 2N
Duplicate the module along the nozzle width
Module 1 Module 2  Module 3
0.8m 0.8m 0.8m
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Fig. 8 Dimensions of Model C and the nozzle partitioning method in the aerodynamic test
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10° discharge angle, | | 10° discharge angle, | | 20° discharge angle, | | 20° discharge angle,
0.08m nozzle depth 0.1m nozzle depth 0.08m nozzle depth 0.1m nozzle depth
H‘/__’_,/f Extrapolation for nozzle depth -H“‘Hﬁ_,___hm/
10° discharge angle, 20° discharge angle,

0.2m nozzle depth

0.2m nozzle depth
— —Interpolation for discharge a_gg_l‘;f—f'f
T ——

15° discharge angle,
0.2m nozzle depth

Fig. 9 Procedure to calculate three discharge angles for a nozzle depth of 0.2 m

calculate for the nozzle depth of 0.2 m. The discharge angles of 10° and 20° outward
will be calculated directly from the provided standard figures, while the 15° out-
ward calculation will be an interpolation by the results of the previous two dis-
charge angles.

In the first step, the velocity distribution at 8 m to the air curtain nozzle is mea-
sured to be uniform, which is 7.62 m/s for all the nozzle sections. In the second step,
the corresponding equivalent discharge velocities at 3-m height are calculated to be
19.46 m/s by the jet theory Eq. 5.

In the third step, the typical Q- AP curves in Figs. 21, 22, 23, and 24 are used for
the identification of the representative flow rate ¢ for the discharge angles of 10°
(Tables 6 and 7) and 20° (Tables 8 and 9), respectively.

In the fourth step, the airflow rates through each door section Q, ; for the two
discharge angles and two nozzle depths are calculated according to the real door
section areas (Tables 10, 11, 12, and 13).

In the final step, the airflow rates for the nozzle depth of 0.2 m are first extrapo-
lated by the results of 0.1 m and 0.08 m, and then the airflow rates for discharge
angle of 15° are interpolated by the results of 10° and 20°. The air exchange rate Qgp
of a single door is calculated by Eq. 2 using the real door size (6.4 m?). Thus, the
efficiency factor can be calculated for the setup of 0.2 m nozzle depth and 15° dis-
charge angle. The efficiency factors are 85%, 65%, —3%, —51%, and 43%. The best
efficiencies for the three discharge angles are achieved for 25 Pa. When the pressure
difference is 1 Pa and —1 Pa, the efficiency factor drops to negative at the near-zero
pressure difference area as discussed in Fig. 6 (Tables 14, 15, and 16).

3.4 Discussions

In Case 1, the efficiency factors of the air curtain for door height of 2.4 m are calcu-
lated following the calculation procedure in Fig. 5 using the original model. In the
other two cases, the door heights are more than 3 m, so the equivalent model is
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Table 6 Average flow rates of each nozzle section for a module of Model C using the standard
figure for 0.08 m nozzle depth, 10° discharge angle, and 3 m door

Nozzle | Door Average flow rate ¢, Pa®?
Measured | Equivalent | section section for different pressure differences

Section | velocity | ug width area 25

number | (m/s) (m/s) (m) (m?) Pa |9Pa/1Pa | —1Pa | -9Pa
1 7.62 19.46 0.28 2.24 1.87 10.12| -0.20 | -0.42 | —1.48
2 7.62 19.46 0.08 0.64 1.87 |0.12| -0.20 |—-0.42 —1.48
3 7.62 19.46 0.08 0.64 1.87 10.12| -0.20 | -0.42 | —-1.48
4 7.62 19.46 0.08 0.64 1.87 10.12| -0.20 | -0.42 | —1.48
5 7.62 19.46 0.28 2.24 1.87 10.12| -0.20 | -0.42 | —1.48
Total value 0.8 6.4

Table 7 Average flow rates of each nozzle section for a module of Model C using the standard
figure for 0.1 m nozzle depth, 10° discharge angle, and 3 m door

Nozzle | Door Average flow rate g; Pa®?
Measured | Equivalent | section | section for different pressure differences

Section | velocity ug width area 25

number | (m/s) (m/s) (m) (m?) Pa |9Pa | 1Pa |—1Pa|-9Pa
1 7.62 19.46 0.28 2.24 1.52 1 -0.04 | -0.27 | —-0.50 | —1.32
2 7.62 19.46 0.08 0.64 1.52 | -0.04 | -0.27 | -0.50|—-1.32
3 7.62 19.46 0.08 0.64 1.52 | =0.04 | -0.27 | —-0.50 | —1.32
4 7.62 19.46 0.08 0.64 1.52 1 =0.04 | —-0.27 | —=0.50 | —1.32
5 7.62 19.46 0.28 2.24 1.52 1 -0.04 | -0.27 | -0.50 | —1.32
Total value 0.8 6.4

Table 8 Average flow rates of each nozzle section for a module of Model C using the standard
figure for 0.08 m nozzle depth, 20° discharge angle, and 3 m door

Nozzle | Door Average flow rate ¢, Pa®?
Measured Equivalent | section | section | for different pressure differences

Section | velocity ug width | area 25

number | (m/s) (m/s) (m) (m?) Pa |9Pa |1Pa |—1Pa| —9Pa
1 7.62 19.46 0.28 2.24 1.63 | -0.01 | —0.28 | -0.53 | —1.97
2 7.62 19.46 0.08 0.64 1.63 | -0.01 | —0.28 | -0.53 | —1.97
3 7.62 19.46 0.08 0.64 1.63 | —0.01 | -0.28 | -0.53 | —1.97
4 7.62 19.46 0.08 0.64 1.63 | -0.01 | —0.28 | -0.53 | —-1.97
5 7.62 19.46 0.28 2.24 1.63 | -0.01 | —0.28 | -0.53 | —1.97
Total value 0.8 6.4
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Table 9 Average flow rates of each nozzle section for a module of Model C using the standard
figure for 0.1 m nozzle depth, 20° discharge angle, and 3 m door

Nozzle |Door | Average flow rate g; Pa®
Measured Equivalent | section | section | for different pressure differences

Section | velocity ug width | area 25

number | (m/s) (m/s) (m) (m?) Pa | 9Pa 1Pa | —1Pa|-9Pa
1 7.62 19.46 0.28 2.24 1.24 | -0.10 | -0.36 | -0.62  —1.92
2 7.62 19.46 0.08 0.64 1.24 | -0.10 | -0.36 | -0.62 | —1.92
3 7.62 19.46 0.08 0.64 1.24 | -0.10 | -0.36 | —0.62  —1.92
4 7.62 19.46 0.08 0.64 1.24 1 -0.10 | -0.36 | -0.62 | —1.92
5 7.62 19.46 0.28 2.24 1.24 | -0.10 | -0.36 | —0.62 | —1.92
Total value 0.4 3.2

Table 10 Volume flow rate through the door and the air curtain efficiency for a module of Model
C using the standard figure for 0.08 m nozzle depth, 10° discharge angle, and 3 m door

Equivalent Volume flow rate Q; m*/s

U under different pressure differences
Section number (m/s) 25 Pa 9 Pa 1 Pa —1Pa -9 Pa
1 19.46 5.36 0.35 —0.58 —1.21 —4.23
2 19.46 1.53 0.10 -0.17 —-0.35 -1.21
3 19.46 1.53 0.10 -0.17 —-0.35 -1.21
4 19.46 1.53 0.10 —0.17 -0.35 -1.21
5 19.46 5.36 0.35 —0.58 -1.21 —4.23
Total Q,c m*/s 15.31 0.99 -1.67 -3.46 -12.09

Table 11 Volume flow rate through the door and the air curtain efficiency for a module of Model
C using the standard figure for 0.1 m nozzle depth, 10° discharge angle, and 3 m door

Equivalent Volume flow rate Q; m*/s

up under different pressure differences
Section number (m/s) 25 Pa 9 Pa 1Pa —1Pa -9 Pa
1 19.46 4.36 —0.11 —-0.77 —1.43 -3.78
2 19.46 1.25 —-0.03 -0.22 -0.41 —1.08
3 19.46 1.25 —-0.03 -0.22 -0.41 —1.08
4 19.46 1.25 —-0.03 -0.22 —0.41 —-1.08
5 19.46 4.36 —-0.11 -0.77 —1.43 -3.78
Total Qs m?/s 12.47 —0.32 -2.19 —4.07 —10.81

implemented. The standard figures are used for the interpolation of the ¢; values for
each door section, which cover a great number of scenarios.

In Case 3, the efficiency factor for 0.2 m nozzle depth and 15° discharge angle is
not included in the provided standard figures. It is a well-demonstrated example to
calculate by multiple interpolation and extrapolation operations of the other
scenarios.
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Table 12 Volume flow rate through the door and the air curtain efficiency for a module of Model
C using the standard figure for 0.08 m nozzle depth, 20° discharge angle, and 3 m door

Equivalent Volume flow rate Q; m*/s

Uup under different pressure differences
Section number (m/s) 25 Pa 9 Pa 1Pa —1Pa -9 Pa
1 19.46 4.68 —-0.04 —-0.80 -1.52 -5.63
2 19.46 1.34 —-0.01 —-0.23 —0.43 —1.61
3 19.46 1.34 —-0.01 -0.23 -0.43 —-1.61
4 19.46 1.34 —-0.01 —-0.23 —0.43 -1.61
5 19.46 4.68 —-0.04 —-0.80 -1.52 —5.63
Total Q,c m¥/s 13.36 —-0.10 -2.29 —4.34 —16.09

Table 13 Volume flow rate through the door and the air curtain efficiency for a module of Model
C using the standard figure for 0.1 m nozzle depth, 20° discharge angle, and 3 m door

Equivalent Volume flow rate Q; m*/s
up under different pressure differences

Section number (m/s) 25Pa 9 Pa 1 Pa —1Pa -9 Pa
1 19.46 3.54 -0.27 —1.03 -1.79 —5.51
2 19.46 1.01 —0.08 -0.29 -0.51 —-1.57
3 19.46 1.01 —-0.08 -0.29 -0.51 —1.57
4 19.46 1.01 —-0.08 -0.29 -0.51 —1.57
5 19.46 3.54 -0.27 —1.03 -1.79 -5.51
Total Q,c m%/s 10.10 -0.78 -2.94 -5.11 —15.73
Table 14 Extrapolation for the 0.2 m nozzle depth with a discharge angle of 10°

Pressure difference (Pa) 25 9 1 -1 -9

Q. for 0.08 m nozzle depth (m?/s) 15.31 0.99 —-1.67 —-3.46 —-12.09
Q.. for 0.1 m nozzle depth (m%/s) 12.47 -0.32 -2.19 —4.07 —10.81
0, for 0.2 m nozzle depth (m?/s) -1.73 —6.87 —4.79 —7.12 —4.41
Table 15 Extrapolation for the 0.2 m nozzle depth with a discharge angle of 20°

Pressure difference (Pa) 25 9 1 -1 -9

Q.. for 0.08 m nozzle depth (m?/s) 13.36 —0.1 -2.29 —4.34 —-16.09
Q.. for 0.1 m nozzle depth (m%/s) 10.1 -0.78 -2.94 =5.11 —15.73
Q.. for 0.2 m nozzle depth (m?/s) -6.20 —4.18 —6.19 —8.96 —-13.93
Table 16 Interpolation for the 15° discharge angle by the results of 10° and 20°

Pressure difference (Pa) 25 9 1 -1 -9

Q. for 20° (m?/s) -6.20 —4.18 —6.19 -8.96 —13.93
Q.. for 10° (m?/s) -1.73 —6.87 —4.79 -7.12 —4.41
Q.. for 15° (m?%/s) -3.97 -5.53 —5.49 -8.04 -9.17
Q,q (m?/s) 26.58 15.95 5.32 -5.32 —15.95
Efficiency factor 0.85 0.65 —0.03 -0.51 0.43
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This report provides 12 standard figures with 7 curves of different velocities,
covering a wide range of practical situations for many design scenarios by applying
interpolations and/or extrapolations.

4 Validation of the Method

4.1 Validation Setup

To confirm the effectiveness of the new method, the results from the proposed
method are compared with the experimental and simulation data from previous
studies. The only factor affecting the efficiency factor calculation value is the infil-
tration/exfiltration flow rate, so the results are compared in terms of the flow rates.
The configuration of the experiments and the simulations were elaborated by
Goubran et al. [7]. The air curtain has a nozzle depth of 0.0635 m and an outward
discharge angle of 20°. It was installed in the lab chamber with a door height and
width of 0.71 m and 0.61 m, respectively. The CFD model used the User Defined
Function (UDF) to specify the similar air curtain nozzle boundary condition based
on the measured velocity profile. The typical Q- AP curves (Fig. 10) were prepared
by setting the air curtain nozzle as the uniform velocity inlet in the simulation from
8 m/s to 18 m/s. Then, we can repeat the procedure as described in Sect. 2.1 to cal-
culate the total airflow rates Q¢ through the door.

Case [20, 0.0635, 0.71]
-v8 —v10  v12 —vi4 —v16 —vI8

0.5 e

Qimis)
X

-0.5 =

-2 0 2 4 6 8 10 12 14 16 18 20 22 24
AP, (Pa)

Fig. 10 The standard figure of the typical Q- AP curves for 0.71 m door, 0.0635 m nozzle depth,
and discharge angle of 20°
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The air curtain nozzle is separated into 12 sections. Each section has a width of
0.0508 m and the corresponding door section area is 0.036 m?. Two average dis-
charge velocities, 13.75 m/s and 9.1 m/s, were tested, and the measured discharge
velocity distribution for each nozzle is listed in Table 17. The measured discharge
velocities for each section were used to interpolate from Fig. 10; thus the corre-
sponding representative flow rate ¢; and the infiltration rate Q¢ ; for different pres-
sure differences can be obtained. By summing up the flow rates Q,¢,; through all the
door sections, the total airflow rates Q,¢ through the opening are calculated.

4.2 Validation Results

The calculated airflow rates are compared in Fig. 11 with the previous results in
Goubran et al. [7]. A good agreement between the previous CFD simulation data
and the experimental data ensured validity of the CFD method. The new method
extends the empirical infiltration model based on more CFD simulation results.
Thus, it can well capture the trend for the inflow breakthrough condition and the
optimum condition, and most of the points are located between the CFD data and
the experimental data. Instead of considering the air curtain supply jet as a uniform
airflow, the separation of the air curtain nozzle can partly conserve the airflow dis-
tribution along the door width.

Figure 12 exhibits the correlation of the proposed method with the experimental
and CFD simulation data. The calculated flow rates by the method are close to both
experimental and simulation data for the inflow breakthrough region. In the opti-
mum condition, the jet flow reached the ground and caused some uncertainties for

Table 17 Section separation for the air curtain unit and measured discharge velocity

Section Door section Discharge velocity
Section width area Discharge velocity average | average
number (m) (m?) 13.75 m/s 9.1 m/s
1 0.051 0.036 13.55 9.41
2 0.051 0.036 16.07 10.33
3 0.051 0.036 16.97 10.86
4 0.051 0.036 14.67 9.71
5 0.051 0.036 10.95 7.52
6 0.051 0.036 8.34 5.67
7 0.051 0.036 8.42 5.24
8 0.051 0.036 11.28 6.57
9 0.051 0.036 15.32 9.11
10 0.051 0.036 17.94 11.56
11 0.051 0.036 17.25 12.40
12 0.051 0.036 14.24 10.82
Nozzle 0.61 0.43
width
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both the experimental and the CFD simulations, resulting in bigger discrepancies at
this region. The R? coefficient of the 13.95 m/s cases are 0.989 and 0.978 for the
experiment and the CFD results, respectively. For the 9.1 m/s cases, it is 0.985 and
0.985. In general, the high R? coefficient reflects the reliability of this new method.

5 Conclusions

A new approach to calculate the air curtain efficiency factor is established in this
project by using a series of typical Q- AP curves. This provides an effective way to
avoid complex experimental tests whereas at the same time to evaluate the effective-
ness of air curtain products to reduce infiltration/exfiltration at building entrances
under different ambient conditions, which only needs the measured data of air cur-
tain velocity distribution and degradation following the ANSI/AMCA or ISO
Standards. The typical Q- AP curves for 12 design scenarios are provided in the
form of standard figures in this report for 3 discharge angles (0°, 10°, 20°), 2 nozzle
depths (0.08 m and 0.10 m), and 2 door heights (2.4 m and 3 m). For the scenarios
of doors higher than the door height of 3 m, an equivalent method based on the
concept of the virtual air curtain unit is developed. The procedure to calculate the
efficiency factor is demonstrated by the case studies of three off-the-shelf air cur-
tain units.

Note that, the main logic of the proposed method is to identify the uniformity and
the aerodynamic strength of the air curtain jet through the aerodynamic test and use
the standard Q- AP curve figures to determine the infiltration/exfiltration rates
through the air curtain door. For the successful application of the method, users
should pay attention to the following tips.

1. Inthe aerodynamic test, the discharge angle of the air curtain should be 0°, based
on which the jet theory equation for the inverse calculation of the discharge
velocity was originally developed.

2. The measured data at the objective distance, which is preferred to be the door
height, should be used for the inverse calculation of the discharge velocity.

3. When a design scenario (e.g., door height, jet velocity, or angle) is out of the
scope of the provided standard figures, interpolations/extrapolations among the
existing curves should be performed to obtain the closest results.

4. The proposed method is assumed to be applicable to non-isothermal and wind
conditions, should the total pressure difference under both conditions include the
stack and/or wind effects and can be obtained or measured, which may need to
be further confirmed.

Finally, the proposed method is validated by the data from the previous studies,
and a reasonable agreement of the results exhibits the validity of the method.
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Appendices

Appendix A

2
Pa®s: g, =0, /| A, |—
p
The x-axis is the pressure difference AP with the unit of Pa (Figs. 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, and 24).

Please note th[ y-axij is the ¢, (originally defined in Eq. 6) with the unit of

Appendix B

Please note the data in Appendix B is used for the generation of the standard curves
in Appendix A (Tables 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, and 29).

Case [0, 0.08, 2.4]
—v8 —v10 v12 —v14 —vi6 —vI8 —v20

QUA(ZP)™ W Pa™)

-2

-3
20 -15  -10 -5 0 5 10 15 20 25 30 35 40
AP,(Pa)

Fig. 13 The standard figure of the typical Q- AP curves for 2.4 m door, 0.08 m nozzle depth, and
discharge angle of 0°
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Case [0, 0.1, 2.4]
—v8 —v10  v12 —v1d4 —vi6 —vI8 —v20

.

=

QUAZp)™* W(Pa™)

l
-

)

_3 1 1 1 1 1
20 -15 -10 5 0 5 10 15 20 25 30 35 40

AP (Pa)

Fig. 14 The standard figure of the typical Q- AP curves for 2.4 m door, 0.1 m nozzle depth, and
discharge angle of 0°

Case [10, 0.08, 2.4]
—v8 —v10  v12 —v14 —v16 —vI18 —v20

QHAZp)™ W Pa™)

10 15 20 25 30 35 40
AP (Pa)

Fig. 15 The standard figure of the typical Q- AP curves for 2.4 m door, 0.08 m nozzle depth, and
discharge angle of 10°
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Case [10, 0.1, 2.4]
vi2

v10 vl4d —v16 —vI18 —v20

10 15 20 25 30 35
AP, (P@)

5 40

Fig. 16 The standard figure of the typical Q- AP curves for 2.4 m door, 0.1 m nozzle depth, and
discharge angle of 10°

QUA2pP)™* ) (Pa™)

-2

-3

Case [20, 0.08, 2.4]

—v8 —vI10 —v12 —vid4d —v16 —vIi8 —v20

10 15 20 25 30 35 40
AP (Pa)

5

Fig. 17 The standard figure of the typical Q- AP curves for 2.4 m door, 0.08 m nozzle depth, and
discharge angle of 20°
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Case [20, 0.1, 2.4]
—v8 —v10 v12 —v14 —v16 —vI8 —v20

)

=

QUApP)**)(Pa™)

=20 -15  -10 -5 0 5 10 15 20 25 30 s 40
AP (Pa)

Fig. 18 The standard figure of the typical Q- AP curves for 2.4 m door, 0.1 m nozzle depth, and
discharge angle of 20°

Case [0, 0.08, 3]
—v8 —v10 —vI2Z —v14 —v16 —vI8 —v20

QHA(Zp)** ) Pa)

=20 -15 -10 -5 0 5 10 15 20 25 30 35 40
AP, (Pa)

Fig. 19 The standard figure of the typical Q- AP curves for 3 m door, 0.08 m nozzle depth, and
discharge angle of 0°
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Case [0, 0.1, 3]
—v8 —v10 —v12 —v14 —v16 —vi8 —v20

QUAZP)** N Pa™)

10 15 20 25 30 35 40
AP (Pa)

Fig. 20 The standard figure of the typical Q- AP curves for 3 m door, 0.1 m nozzle depth, and
discharge angle of 0°

Case [10, 0.08, 3]
—v8 —v10  v12 —v14 —v16 —v18 —v20

QUA(2P)™* )(Pa™)

D 10 15 20 25 30 35 40
AP, (Pa)

Fig. 21 The standard figure of the typical Q- AP curves for 3 m door, 0.08 m nozzle depth, and
discharge angle of 10°
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Case [10, 0.1, 3]
—v8 —v10  v12 —v14 —v16 —v18 —v20

QUA(Zp)™* {(Pa™)

10 15 20 25 30 35 40
AP, (Pa)

Fig. 22 The standard figure of the typical Q- AP curves for 3 m door, 0.1 m nozzle depth, and
discharge angle of 10°

Case [20, 0.08, 3]
—v8 —v10 - v12 —v14 —v16 —vI8 —v20

QUAZ)* )(Pa®)

5 10 15 20 25 30 35 40
AP, (Pa)

Fig. 23 The standard figure of the typical Q- AP curves for 3 m door, 0.08 m nozzle depth, and
discharge angle of 20°
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Case [20, 0.1, 3]
—v8 —v10 - vI12 —v14 —v16 —vI8 —v20

QUApP)**)(Pa™)

-2

_3 L 1 L | 1 | 1 L i L 1 1 i
=20 -15 -10 -5 0 5 10 15 20 25 30 35 40
AP, (Pa)

Fig. 24 The standard figure of the typical Q- AP curves for 3 m door, 0.1 m nozzle depth, and
discharge angle of 20°

Table 18 Original data of the standard curves for 2.4 m door, 0.08 m nozzle depth, and discharge
angle of 0°

AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 4.03 3.87 3.71 3.53 3.34 3.14 291
38.44 3.88 3.72 3.56 3.38 3.18 2.97 2.73
36.00 3.74 3.57 341 3.22 3.02 2.80 2.56
33.64 3.59 3.42 3.25 3.06 2.85 2.62 2.38
31.36 3.44 3.27 3.10 2.90 2.69 2.45 2.21
29.16 3.29 3.12 2.95 2.75 2.53 2.28 2.03
27.04 3.15 2.97 2.80 2.59 2.37 2.11 1.86
25.00 3.00 2.83 2.64 243 2.20 1.94 1.68
23.04 2.85 2.68 2.49 2.28 2.04 1.77 1.51
21.16 2.71 2.53 2.34 2.12 1.88 1.60 1.33
19.36 2.56 2.38 2.19 1.96 1.72 1.43 1.15
17.64 241 2.23 2.03 1.81 1.55 1.26 0.98
16.00 2.26 2.08 1.88 1.65 1.39 1.09 0.80
14.44 2.12 1.93 1.73 1.49 1.23 0.92 0.63
12.96 1.97 1.78 1.57 1.33 1.06 0.74 0.45
11.56 1.82 1.63 1.42 1.18 0.90 0.57 0.28
10.24 1.68 1.48 1.27 1.02 0.74 0.40 0.10
9.00 1.53 1.33 1.12 0.86 0.58 0.23 —-0.01
7.84 1.38 1.18 0.96 0.71 0.41 0.06 -0.02

(continued)
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Table 18 (continued)
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
6.76 1.23 1.03 0.81 0.55 0.25 —0.01 —0.04
5.76 1.09 0.88 0.66 0.39 0.09 —0.03 —0.06
4.84 0.94 0.73 0.50 0.23 -0.01 —0.04 -0.07
4.00 0.79 0.58 0.35 0.08 —0.03 —0.06 —0.09
3.24 0.65 0.43 0.20 —0.01 —0.04 —0.08 —0.11
2.56 0.50 0.28 0.05 —0.03 —0.06 —0.10 —0.12
1.96 0.35 0.14 -0.01 —0.05 —0.08 —0.11 —0.14
1.44 0.20 —0.01 —0.03 —0.07 —0.10 —0.13 —0.16
1.00 0.06 —0.02 —-0.05 —0.08 —0.12 —0.15 —0.17
0.64 -0.01 —0.04 -0.07 —0.10 —0.13 —0.16 —0.19
0.36 —0.03 —0.06 —0.09 —0.12 —0.15 —0.18 —0.21
0.16 —0.06 —0.08 -0.11 —0.14 -0.17 —0.20 —0.22
0.04 —0.08 —0.10 —0.13 —0.16 -0.19 —0.21 —0.24
0.00 —0.10 —0.12 —0.15 —0.18 —0.20 -0.23 —0.26
—0.04 -0.12 —0.15 -0.17 —0.20 -0.22 —0.25 —0.27
—0.16 -0.14 —0.17 -0.19 -0.21 —0.24 —0.27 -0.29
—0.36 —0.16 —0.19 -0.21 —0.23 —0.26 —0.28 -0.31
—0.64 -0.19 —0.21 -0.23 —0.25 —0.28 —0.30 —0.32
—1.00 -0.26 —0.23 -0.25 —0.27 -0.29 —0.32 —0.34
—1.44 -0.42 —0.25 -0.27 -0.29 -0.31 —0.33 —0.36
—1.96 -0.57 —0.36 -0.29 —0.31 —0.33 —0.35 —0.37
—2.56 -0.73 —0.52 -0.31 —0.33 -0.35 —0.37 —0.39
—3.24 -0.89 —0.69 —0.40 —0.34 -0.37 —0.38 -0.41
—4.00 -1.04 —0.85 -0.57 —0.36 —0.38 —0.40 —0.42
—4.84 -1.20 -1.01 -0.74 —0.38 —0.40 —-0.42 —0.44
-5.76 —1.35 —1.17 -0.91 —0.56 -0.45 —0.44 —0.46
—6.76 —1.51 —1.33 —1.08 —0.76 —0.63 —0.45 —0.47
—7.84 —1.67 —1.50 -1.25 —0.95 —0.81 —0.56 —0.49
-9.00 —-1.82 —1.66 —1.43 —1.14 —1.00 —0.75 —0.62
—10.24 —-1.98 —1.82 —1.60 —1.33 —1.18 —0.94 —0.80
—11.56 -2.13 —1.98 -1.77 —1.52 —1.36 —1.13 -0.97
—12.96 -2.29 -2.14 —1.94 -1.71 —1.55 -1.32 —1.15
—14.44 —2.44 —-2.31 -2.11 —-1.90 -1.73 —1.51 —-1.32
—16.00 —2.60 —2.47 -2.28 -2.09 -1.91 —1.69 —1.50
—17.64 -2.76 -2.63 —2.45 —2.28 -2.10 —1.88 —1.67
—19.36 -291 -2.79 —-2.63 —-2.47 —2.28 -2.07 —1.85
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Table 19 Original data of the standard curves for 2.4 m door, 0.1 m nozzle depth, and discharge

angle of 0°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 3.96 3.71 3.58 3.37 3.13 2.87 2.59
38.44 3.82 3.62 3.43 3.21 2.97 2.70 2.41
36.00 3.67 3.47 3.27 3.04 2.80 2.52 2.23
33.64 3.52 3.32 3.11 2.88 2.63 2.34 2.05
31.36 3.37 3.17 2.96 2.72 2.46 2.17 1.87
29.16 3.22 3.02 2.80 2.55 2.29 1.99 1.69
27.04 3.07 2.87 2.64 2.39 2.12 1.82 1.52
25.00 2.92 2.72 2.49 2.23 1.95 1.64 1.34
23.04 2.71 2.57 2.33 2.07 1.78 1.47 1.16
21.16 2.63 242 2.17 1.90 1.61 1.29 0.98
19.36 2.48 2.27 2.02 1.74 1.44 1.11 0.80
17.64 2.33 2.12 1.86 1.58 1.27 0.94 0.62
16.00 2.18 1.96 1.70 1.42 1.10 0.76 0.44
14.44 2.03 1.81 1.55 1.25 0.93 0.59 0.26
12.96 1.88 1.66 1.39 1.09 0.76 0.41 0.08
11.56 1.73 1.51 1.23 0.93 0.59 0.23 —-0.01
10.24 1.59 1.36 1.08 0.77 0.42 0.06 -0.03
9.00 1.44 1.21 0.92 0.60 0.25 —-0.01 —0.05
7.84 1.29 1.06 0.76 0.44 0.08 —0.03 —0.06
6.76 1.14 0.91 0.61 0.28 —-0.01 —-0.05 —-0.08
5.76 0.99 0.76 0.45 0.11 —-0.03 —-0.07 —-0.10
4.84 0.84 0.61 0.29 —0.05 —-0.05 —0.08 —0.12
4.00 0.69 0.46 0.14 -0.03 -0.07 -0.10 —-0.14
3.24 0.54 0.31 0.00 —0.04 -0.08 —0.12 —-0.15
2.56 0.40 0.16 —-0.02 —0.06 —-0.10 -0.14 -0.17
1.96 0.25 0.00 -0.04 —0.08 -0.12 —0.16 -0.19
1.44 0.10 —-0.02 -0.06 -0.10 —-0.14 —-0.18 -0.21
1.00 -0.01 —0.04 —-0.09 —0.12 -0.16 -0.19 -0.23
0.64 —-0.03 —-0.07 —-0.11 —-0.14 —-0.18 -0.21 —-0.24
0.36 -0.05 —-0.09 —-0.13 —-0.16 —-0.20 —-0.23 —-0.26
0.16 —-0.08 —-0.11 —-0.15 —-0.18 -0.22 —0.25 —-0.28
0.04 -0.10 —-0.13 —-0.17 -0.20 —-0.23 -0.27 —-0.30
0.00 -0.12 —-0.16 -0.19 -0.22 -0.25 —0.28 -0.31
—-0.04 —-0.15 —-0.18 -0.21 —0.24 —-0.27 —-0.30 —-0.33
—-0.16 -0.17 —-0.20 -0.23 —-0.26 -0.29 —0.32 —-0.35
—0.36 —-0.19 -0.22 -0.25 —-0.28 -0.31 —0.34 —-0.37
—0.64 -0.22 —-0.25 —-0.27 —0.30 —-0.33 —0.36 —-0.39
—1.00 -0.24 -0.27 -0.29 —0.32 —-0.35 —0.38 —-0.40
—1.44 —-0.31 —-0.29 -0.31 -0.34 —-0.37 —-0.39 -0.42
—1.96 —-0.47 —-0.31 -0.33 —0.36 —-0.38 -0.41 —0.44
—2.56 —-0.63 —0.34 —-0.35 —0.38 —-0.40 —0.43 —0.46

(continued)
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Table 19 (continued)
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
-3.24 -0.79 -0.51 -0.38 —0.40 —0.42 —0.45 —0.48
—4.00 -0.95 —0.68 —-0.40 -0.42 —0.44 —0.47 —0.49
—4.84 —1.11 -0.86 -0.57 —0.44 —0.46 —0.48 -0.51
—5.76 —-1.27 —1.03 -0.75 —0.47 —0.48 -0.50 -0.53
—6.76 —1.43 -1.20 -0.93 —0.66 —0.50 -0.52 -0.55
—7.84 -1.59 -1.37 —1.11 -0.84 -0.56 -0.54 -0.57
—9.00 —1.75 —1.54 -1.29 —1.03 -0.75 —0.63 -0.62
-10.24 -1.91 -1.71 —1.47 -1.22 -0.95 —0.80 -0.75
—11.56 -2.07 —1.88 —1.65 —1.40 —1.14 —0.98 -0.89
—12.96 -2.23 -2.05 —1.84 -1.59 —1.33 —1.15 —1.03
—14.44 -2.39 -2.22 -2.02 -1.77 —1.52 -1.32 —1.17
—16.00 -2.55 -2.39 -2.20 —1.96 -1.71 -1.50 —1.30
—17.64 =271 -2.56 -2.38 -2.15 -1.90 —1.67 —1.44
—19.36 -2.87 -2.73 -2.56 —2.33 -2.09 —1.84 —1.58

Table 20 Original data of the standard curves for 2.4 m door, 0.08 m nozzle depth, and discharge

angle of 10°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 3.97 3.79 3.59 3.38 3.14 2.88 2.58
38.44 3.82 3.63 3.43 3.21 2.97 2.70 2.40
36.00 3.67 348 3.28 3.05 2.79 2.52 2.21
33.64 3.52 333 3.13 2.88 2.62 2.34 2.03
31.36 3.37 3.18 2.97 2.72 2.45 2.16 1.85
29.16 3.23 3.03 2.82 2.56 2.28 1.98 1.66
27.04 3.08 2.87 2.66 2.39 2.10 1.80 1.48
25.00 2.93 2.72 2.51 223 1.93 1.62 1.29
23.04 2.78 2.57 2.35 2.06 1.76 1.44 1.11
21.16 2.63 242 2.20 1.90 1.58 1.26 0.92
19.36 2.48 2.26 2.04 1.74 1.41 1.08 0.74
17.64 2.33 2.11 1.89 1.57 1.24 0.90 0.55
16.00 2.18 1.96 1.74 1.41 1.06 0.72 0.37
14.44 2.04 1.81 1.58 1.24 0.89 0.54 0.18
12.96 1.89 1.66 143 1.08 0.72 0.36 0.00
11.56 1.74 1.50 1.27 0.92 0.54 0.18 -0.02
10.24 1.59 1.35 1.12 0.75 0.37 0.00 —0.04
9.00 1.44 1.20 0.96 0.59 0.20 -0.02 —0.06
7.84 1.29 1.05 0.81 0.43 0.02 -0.04 —0.08
6.76 1.14 0.90 0.65 0.26 -0.02 —-0.06 —0.10
5.76 0.99 0.74 0.50 0.10 —0.04 —0.08 —0.12
4.84 0.85 0.59 0.34 —-0.01 —0.06 —-0.10 —0.14
4.00 0.70 0.44 0.19 —0.03 —0.08 —0.12 —0.16

(continued)
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Table 20 (continued)

AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
3.24 0.55 0.29 0.04 —-0.05 -0.10 —-0.15 —-0.18
2.56 0.40 0.14 —-0.02 —0.08 —-0.12 -0.17 —-0.20
1.96 0.25 0.00 —-0.05 —-0.10 —-0.15 -0.19 -0.22
1.44 0.10 —-0.03 —0.08 -0.12 -0.17 -0.21 -0.25
1.00 -0.01 —-0.06 -0.10 —-0.15 -0.19 —-0.23 —-0.27
0.64 —-0.04 —0.09 -0.13 -0.17 —-0.21 —0.25 —-0.29
0.36 —-0.07 —0.12 —-0.16 —-0.19 —-0.23 —0.27 —-0.31
0.16 —-0.11 —-0.15 -0.19 -0.21 —-0.25 -0.29 —-0.33
0.04 —-0.14 —-0.18 -0.21 —0.24 -0.27 -0.31 —-0.35
0.00 -0.17 -0.21 —-0.24 —0.26 —-0.30 —0.33 —-0.37
—0.04 —-0.20 -0.24 -0.27 —-0.28 —-0.32 —-0.35 -0.39
—-0.16 -0.23 -0.27 -0.30 —-0.30 —-0.34 -0.37 -0.41
—0.36 -0.26 -0.29 —-0.32 —-0.33 —-0.36 —-0.39 -0.43
—0.64 -0.30 -0.32 —-0.35 -0.35 -0.38 —0.41 —-0.45
—1.00 -0.43 —-0.35 -0.38 -0.37 —-0.40 -0.43 —-0.47
—1.44 —-0.58 —0.45 -0.41 —-0.39 -0.42 —0.46 —-0.49
—1.96 -0.73 —0.61 —-0.43 —0.42 —0.44 —0.48 —-0.51
—2.56 —-0.88 -0.76 -0.59 —0.44 —-0.47 —-0.50 —-0.53
-3.24 —-1.03 —0.92 -0.75 —0.58 —-0.49 —0.52 —-0.55
—4.00 -1.19 -1.07 —-0.91 —-0.75 —-0.58 —0.54 —-0.57
—4.84 —1.34 -1.23 -1.07 -0.92 -0.75 —-0.59 -0.59
—-5.76 —-1.49 —1.38 —1.24 —-1.08 —-0.92 -0.77 —-0.61
—6.76 —1.64 —1.54 —-1.40 -1.25 —-1.09 —0.94 -0.74
—7.84 -1.79 —1.69 —1.56 —1.41 -1.26 —1.11 -0.92
-9.00 -1.95 —1.85 -1.72 —1.58 —1.43 —1.28 —1.10
—10.24 -2.10 —2.00 —-1.88 -1.75 —1.60 —1.46 -1.28
—11.56 -2.25 -2.16 —2.04 —1.91 -1.77 —1.63 —1.46
-12.96 -2.40 -2.31 -2.20 -2.08 —1.94 —1.80 —1.64
—14.44 -2.55 —2.47 -2.36 —2.24 -2.11 -1.97 -1.82
—16.00 -2.70 -2.62 -2.53 —2.41 —2.28 —2.15 —2.00
—17.64 -2.86 -2.78 -2.69 —2.58 —2.45 —2.32 -2.18
-19.36 -3.01 -2.93 -2.85 -2.74 —2.62 —2.49 —2.36
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Table 21 Original data of the standard curves for 2.4 m door, 0.1 m nozzle depth, and discharge

angle of 10°

AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 3.88 3.65 3.43 3.15 2.85 2.51 2.15
38.44 3.73 3.50 3.26 2.98 2.67 2.33 1.97
36.00 3.58 3.34 3.10 2.81 2.49 2.14 1.78
33.64 3.43 3.19 2.94 2.63 2.31 1.95 1.59
31.36 3.28 3.03 2.71 2.46 2.13 1.76 1.40
29.16 3.13 2.88 2.61 2.29 1.95 1.58 1.22
27.04 2.98 2.72 2.45 2.12 1.77 1.39 1.03
25.00 2.83 2.57 2.29 1.95 1.59 1.20 0.84
23.04 2.68 2.42 2.12 1.78 1.41 1.02 0.66
21.16 2.53 2.26 1.96 1.60 1.23 0.83 0.47
19.36 2.38 2.11 1.80 1.43 1.05 0.64 0.28
17.64 2.23 1.95 1.63 1.26 0.87 0.46 0.10
16.00 2.07 1.80 1.47 1.09 0.69 0.27 —-0.01
14.44 1.92 1.64 1.31 0.92 0.51 0.08 —-0.03
12.96 1.77 1.49 1.15 0.75 0.33 —-0.01 —-0.05
11.56 1.62 1.34 0.98 0.57 0.15 —0.03 —-0.07
10.24 1.47 1.18 0.82 0.40 0.00 —-0.05 -0.10
9.00 1.32 1.03 0.66 0.23 —-0.02 —0.08 —-0.12
7.84 1.17 0.87 0.49 0.06 —-0.05 —-0.10 —-0.14
6.76 1.02 0.72 0.33 —-0.02 -0.07 —0.12 —0.16
5.76 0.87 0.56 0.17 —0.04 —-0.09 -0.14 —-0.18
4.84 0.72 0.41 0.01 —0.06 —-0.11 —-0.16 —-0.20
4.00 0.57 0.25 -0.02 —-0.09 -0.13 —0.18 -0.22
3.24 0.42 0.10 -0.05 —-0.11 -0.15 -0.20 —-0.24
2.56 0.27 —-0.01 —-0.07 —-0.14 —-0.18 -0.22 —-0.26
1.96 0.12 —0.04 —-0.10 —-0.16 —-0.20 -0.24 -0.29
1.44 —0.01 -0.07 —-0.12 —-0.18 —-0.22 -0.27 —-0.31
1.00 -0.03 —-0.09 —-0.15 -0.21 —-0.24 -0.29 —-0.33
0.64 —-0.06 -0.12 —-0.18 -0.23 —-0.26 -0.31 —-0.35
0.36 -0.09 —-0.15 —-0.20 —-0.25 —-0.28 —-0.33 —-0.37
0.16 -0.11 —-0.18 -0.23 —-0.28 -0.31 —-0.35 -0.39
0.04 -0.14 -0.21 —-0.25 —0.30 -0.33 -0.37 -0.41
0.00 -0.17 -0.23 -0.28 -0.33 -0.35 —-0.39 —-0.43
—-0.04 -0.19 —-0.26 -0.30 —-0.35 —-0.37 -0.41 —-0.46
—-0.16 -0.22 -0.29 -0.33 -0.37 —-0.39 —0.43 —0.48
—0.36 -0.25 —0.32 -0.35 —0.40 -0.41 —0.46 —-0.50
—0.64 -0.28 —0.35 —-0.38 —0.42 —0.44 —0.48 —0.52
—1.00 -0.37 -0.37 —0.40 —0.45 —0.46 —0.50 —-0.54
—1.44 —0.52 —0.40 -0.43 -0.47 —-0.48 -0.52 —-0.56
—1.96 —-0.67 —0.44 —-0.45 -0.49 —-0.50 —0.54 —-0.58
—2.56 -0.83 —0.60 —-0.48 —0.52 —-0.52 —0.56 —0.60

(continued)
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AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
—3.24 -0.98 -0.77 —0.63 —0.54 —-0.54 —-0.58 —-0.63
—4.00 —-1.14 —-0.93 -0.79 —-0.57 —-0.57 —0.60 —0.65
—4.84 -1.29 —1.09 —-0.96 -0.70 —-0.59 —0.62 —0.67
—5.76 —1.44 —1.26 -1.12 —0.88 -0.75 —0.65 —-0.69
—6.76 —1.60 —1.42 -1.29 —1.06 —-0.92 —0.67 -0.71
—7.84 -1.75 -1.59 —1.46 —1.24 —-1.10 —-0.83 -0.73
-9.00 -1.91 -1.75 —1.62 —1.42 -1.27 -1.02 —-0.90
—10.24 —2.06 -1.91 -1.79 —1.60 —1.45 —1.21 —1.08
—11.56 -2.22 -2.08 -1.95 -1.78 -1.62 —1.40 -1.26
—12.96 -2.37 -2.24 -2.12 —1.96 —1.80 —1.58 —1.45
—14.44 -2.52 —2.41 -2.29 -2.14 -1.97 —1.77 —1.63
—16.00 —2.68 -2.57 —2.45 —2.32 -2.15 —1.96 —-1.81
—17.64 -2.83 -2.73 —2.62 —2.49 -2.32 -2.15 -1.99
—19.36 -2.99 -2.90 -2.78 -2.67 -2.50 —2.34 -2.17

Table 22 Original data of the standard curves for 2.4 m door, 0.08 m nozzle depth, and discharge

angle of 20°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 3.93 3.73 3.52 3.27 3.00 2.69 2.35
38.44 3.78 3.58 3.36 3.10 2.82 2.50 2.16
36.00 3.63 343 3.20 2.93 2.64 2.32 1.97
33.64 3.48 3.27 3.04 2.76 2.46 2.13 1.78
31.36 3.33 3.12 2.88 2.59 2.28 1.94 1.59
29.16 3.18 2.96 2.72 242 2.10 1.75 1.40
27.04 3.03 2.81 2.56 2.25 1.92 1.57 1.21
25.00 2.88 2.65 2.40 2.08 1.74 1.38 1.02
23.04 2.73 2.50 2.24 1.91 1.57 1.19 0.83
21.16 2.58 2.35 2.08 1.74 1.39 1.00 0.64
19.36 2.44 2.19 1.92 1.58 1.21 0.82 0.45
17.64 2.29 2.04 1.75 1.41 1.03 0.63 0.25
16.00 2.14 1.88 1.59 1.24 0.85 0.44 0.06
14.44 1.99 1.73 1.43 1.07 0.67 0.25 —0.02
12.96 1.84 1.58 1.27 0.90 0.49 0.07 —0.04
11.56 1.69 1.42 1.11 0.73 0.31 -0.02 -0.07
10.24 1.54 1.27 0.95 0.56 0.14 —0.04 —0.09
9.00 1.39 1.11 0.79 0.39 —-0.01 -0.07 —0.12
7.84 1.24 0.96 0.63 0.22 -0.03 -0.09 —0.14
6.76 1.09 0.80 0.47 0.05 —0.06 -0.11 -0.17
5.76 0.94 0.65 0.31 -0.02 —0.08 -0.14 —0.19
4.84 0.79 0.50 0.15 —-0.05 —0.11 —-0.16 -0.21
4.00 0.64 0.34 0.00 -0.07 -0.14 -0.19 -0.24

(continued)
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Table 22 (continued)
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
3.24 0.50 0.19 —0.03 —0.10 —0.16 —0.21 —0.26
2.56 0.35 0.03 -0.07 —0.13 -0.19 —0.24 —0.29
1.96 0.20 —0.03 -0.10 —0.16 -0.21 —0.26 -0.31
1.44 0.05 —0.06 —0.13 —0.19 —0.24 —-0.29 —0.34
1.00 —-0.03 —0.10 —0.16 —0.21 —0.26 —0.31 —0.36
0.64 -0.07 —0.13 -0.19 —0.24 -0.29 —0.34 -0.39
0.36 —0.11 —0.17 -0.22 —0.27 -0.32 —0.36 —-0.41
0.16 —0.15 —0.20 -0.25 —0.30 —0.34 —0.39 —0.44
0.04 -0.19 —0.24 -0.29 —0.32 -0.37 —-0.41 —0.46
0.00 -0.23 —0.27 -0.32 —0.35 -0.39 —0.43 -0.49
—0.04 -0.27 —0.31 —0.35 —0.38 —0.42 —0.46 —0.51
—0.16 -0.31 —0.34 —0.38 —-0.41 —0.44 —0.48 —0.54
—0.36 -0.34 —0.38 -0.41 —0.43 -0.47 —0.51 —0.56
—0.64 —0.46 —0.41 —0.44 —0.46 —0.50 —0.53 —0.59
—1.00 —-0.61 —0.53 —0.48 —-0.49 —0.52 —0.56 —0.61
—1.44 -0.75 —0.68 —0.64 —0.55 -0.55 —0.58 —0.64
—-1.96 —-0.90 —0.83 —0.79 —0.71 —0.63 —0.61 —0.66
—2.56 —1.05 —0.98 —0.94 —0.86 —0.78 —0.71 —0.68
—3.24 -1.19 —1.13 —1.09 -1.02 —0.94 —0.87 —0.81
—4.00 —1.34 —1.28 —1.24 —1.17 —1.10 —1.03 -0.97
—4.84 —1.49 —1.43 -1.39 —-1.32 -1.25 —-1.19 —-1.12
—5.76 —1.64 —1.58 —1.54 —1.48 —-1.41 —1.34 —1.28
—6.76 —1.78 -1.73 —1.69 —1.63 —1.56 —1.50 —1.44
—7.84 -1.93 —1.88 —1.84 —1.78 —-1.72 —1.66 —1.60
—9.00 -2.08 -2.03 -1.99 —1.94 —1.88 —1.82 -1.76
-10.24 -2.23 —2.18 -2.14 -2.09 -2.03 -1.97 -1.91
—11.56 -2.37 —2.33 -2.30 —2.25 -2.19 —2.13 -2.07
—12.96 -2.52 -2.49 -2.45 —2.40 -2.35 -2.29 -2.23
—14.44 -2.67 —2.64 —2.60 -2.55 -2.50 —2.45 -2.39
—16.00 -2.81 -2.79 =275 -2.71 —2.66 —2.60 —2.55
—17.64 -2.96 —2.94 -2.90 —2.86 —2.82 —2.76 -2.71
—-19.36 =3.11 -3.09 -3.05 -3.01 -2.97 -2.92 —2.86
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Table 23 Original data of the standard curves for 2.4 m door, 0.1 m nozzle depth, and discharge

angle of 20°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 3.96 3.73 3.44 3.14 2.81 2.40 1.94
38.44 3.80 3.57 3.27 2.96 2.61 2.20 1.77
36.00 3.65 3.41 3.10 2.78 242 2.01 1.59
33.64 3.49 3.24 2.93 2.60 2.23 1.81 1.42
31.36 3.33 3.08 2.75 2.41 2.03 1.62 1.24
29.16 3.18 2.92 2.58 2.23 1.84 1.42 1.07
27.04 3.02 2.75 2.41 2.05 1.65 1.22 0.89
25.00 2.87 2.59 2.24 1.87 1.45 1.03 0.71
23.04 2.71 2.43 2.07 1.68 1.26 0.83 0.54
21.16 2.56 2.26 1.90 1.50 1.07 0.64 0.36
19.36 2.40 2.10 1.73 1.32 0.87 0.44 0.19
17.64 2.25 1.94 1.55 1.14 0.68 0.25 0.01
16.00 2.09 1.78 1.38 0.96 0.49 0.05 —-0.03
14.44 1.94 1.61 1.21 0.77 0.29 —-0.02 —-0.06
12.96 1.78 1.45 1.04 0.59 0.10 —0.05 —-0.08
11.56 1.62 1.29 0.87 0.41 —-0.01 —0.08 —-0.11
10.24 1.47 1.12 0.70 0.23 —-0.04 -0.10 —-0.14
9.00 1.31 0.96 0.52 0.04 —-0.07 —-0.13 -0.17
7.84 1.16 0.80 0.35 —0.02 —-0.10 —-0.16 —-0.20
6.76 1.00 0.63 0.18 —-0.05 -0.13 -0.19 —-0.23
5.76 0.85 0.47 0.01 —-0.08 —-0.15 -0.21 —-0.26
4.84 0.69 0.31 —-0.03 -0.11 —-0.18 -0.24 —-0.29
4.00 0.54 0.15 —-0.06 -0.14 -0.21 -0.27 -0.32
3.24 0.38 0.00 -0.09 -0.17 —-0.24 —-0.30 —0.34
2.56 0.22 —0.04 —-0.12 —-0.20 -0.27 —0.33 —-0.37
1.96 0.07 —-0.08 -0.15 -0.23 -0.30 —0.35 —0.40
1.44 -0.02 —-0.12 -0.18 —-0.27 —-0.32 —-0.38 —-0.43
1.00 -0.07 —-0.15 -0.21 —-0.30 —-0.35 -0.41 —-0.46
0.64 —-0.11 -0.19 -0.24 -0.33 -0.38 —0.44 —-0.49
0.36 -0.16 —-0.23 -0.27 —-0.36 -0.41 —-0.46 —-0.52
0.16 -0.20 -0.27 —-0.30 —-0.39 —0.44 -0.49 —-0.55
0.04 -0.24 —-0.30 -0.33 -0.42 —-0.46 —0.52 —-0.57
0.00 -0.29 —0.34 —-0.36 —0.45 -0.49 —-0.55 —-0.60
—-0.04 -0.33 —-0.38 —-0.39 -0.48 —-0.52 —0.58 —-0.63
—-0.16 —-0.38 -0.42 -0.42 -0.51 —-0.55 —0.60 —0.66
—0.36 -0.42 —-0.45 —-0.45 —0.54 —-0.58 —-0.63 —-0.69
—0.64 —-0.46 —-0.49 —-0.48 -0.57 —-0.61 —0.66 -0.72
—1.00 —-0.61 —-0.55 -0.52 —0.60 -0.63 —0.69 -0.75
—1.44 -0.77 -0.70 —-0.60 —-0.63 —-0.66 -0.71 -0.78
—1.96 -0.92 —-0.86 -0.75 —0.66 —0.69 -0.74 —-0.80
—2.56 -1.07 —1.01 -0.91 —0.82 -0.74 -0.77 —-0.83

(continued)
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Table 23 (continued)
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
—-3.24 -1.22 —1.17 —1.06 —0.98 -0.90 —0.83 —-0.86
—4.00 —1.38 -1.32 -1.22 —1.14 —1.06 -0.99 -0.89
—4.84 —1.53 —1.48 -1.38 -1.30 -1.22 —1.15 —1.06
-5.76 —1.68 —1.63 —1.53 —1.46 -1.39 —-1.31 —-1.22
—6.76 —1.83 -1.79 —1.69 —1.61 —1.55 —1.47 —1.38
—7.84 -1.99 -1.94 —1.84 -1.77 -1.71 —1.63 —1.54
—9.00 -2.14 -2.10 -2.00 —-1.93 —1.87 -1.79 -1.71
-10.24 -2.29 -2.25 -2.16 -2.09 -2.03 —1.96 -1.87
—11.56 —2.44 —2.41 -2.31 -2.25 -2.19 -2.12 -2.03
—12.96 —2.60 —2.56 —2.47 241 -2.35 -2.28 -2.20
—14.44 -2.75 -2.72 -2.62 -2.57 -2.51 —2.44 -2.36
—16.00 -2.90 -2.87 -2.78 -2.73 -2.67 -2.60 -2.52
—17.64 -3.06 -3.03 -2.94 -2.88 -2.83 -2.76 -2.68
—19.36 -3.21 -3.18 -3.09 —3.04 -2.99 -2.92 -2.85

Table 24 Original data of the standard curves for 3 m door, 0.08 m nozzle depth, and discharge

angle of 0°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 4.15 4.03 3.90 3.76 3.62 3.46 3.29
38.44 4.00 3.88 3.75 3.61 3.46 3.30 3.12
36.00 3.86 3.73 3.60 3.46 3.31 3.14 2.96
33.64 3.71 3.59 3.45 3.31 3.15 2.98 2.80
31.36 3.57 3.44 3.30 3.15 3.00 2.82 2.63
29.16 3.42 3.29 3.15 3.00 2.84 2.66 2.47
27.04 3.28 3.15 3.00 2.85 2.69 2.50 2.31
25.00 3.13 3.00 2.85 2.70 2.53 2.35 2.15
23.04 2.99 2.85 2.70 2.55 2.37 2.19 1.98
21.16 2.84 2.70 2.55 2.39 222 2.03 1.82
19.36 2.70 2.56 2.41 2.24 2.06 1.87 1.66
17.64 2.55 2.41 2.26 2.09 1.91 1.71 1.49
16.00 2.41 2.26 2.11 1.94 1.75 1.55 1.33
14.44 2.26 2.12 1.96 1.78 1.60 1.39 1.17
12.96 2.12 1.97 1.81 1.63 1.44 1.24 1.01
11.56 1.97 1.82 1.66 1.48 1.28 1.08 0.84
10.24 1.83 1.67 1.51 1.33 1.13 0.92 0.68
9.00 1.68 1.53 1.36 1.18 0.97 0.76 0.52
7.84 1.54 1.38 1.21 1.02 0.82 0.60 0.35
6.76 1.39 1.23 1.06 0.87 0.66 0.44 0.19
5.76 1.25 1.08 0.91 0.72 0.51 0.28 0.03
4.84 1.10 0.94 0.76 0.57 0.35 0.13 —-0.01
4.00 0.96 0.79 0.61 0.42 0.19 0.00 —-0.03

(continued)
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Table 24 (continued)

AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
3.24 0.81 0.64 0.46 0.26 0.04 —-0.02 -0.05
2.56 0.67 0.50 0.32 0.11 —-0.01 —0.04 —-0.07
1.96 0.52 0.35 0.17 —-0.01 —-0.03 —0.06 —-0.08
1.44 0.38 0.20 0.02 —-0.02 —-0.05 —-0.08 —-0.10
1.00 0.23 0.05 —-0.02 —0.04 -0.07 —-0.09 -0.12
0.64 0.09 —-0.01 —-0.04 —0.06 —-0.09 -0.11 -0.13
0.36 —-0.01 —-0.03 —-0.06 —0.08 —0.11 —0.13 —0.15
0.16 -0.03 —-0.06 -0.08 -0.10 -0.13 —-0.15 -0.17
0.04 —-0.05 —-0.08 -0.10 -0.12 -0.15 —-0.16 -0.19
0.00 -0.07 —-0.10 —-0.12 —0.14 —-0.16 —0.18 —-0.20
—-0.04 -0.09 -0.12 -0.14 —0.16 —0.18 —0.20 -0.22
—-0.16 -0.11 —-0.14 -0.16 —-0.18 —-0.20 -0.22 —-0.24
—0.36 -0.13 —-0.16 —-0.18 -0.20 -0.22 -0.24 —-0.25
—0.64 -0.25 —-0.18 —-0.20 -0.22 -0.24 —0.25 -0.27
—1.00 -0.39 —-0.24 -0.22 -0.24 —-0.26 -0.27 -0.29
—1.44 —-0.54 —-0.40 —-0.24 —-0.26 -0.28 -0.29 -0.31
—1.96 —-0.69 —-0.55 —-0.36 —0.28 —-0.29 -0.31 —0.32
—2.56 —-0.84 -0.71 -0.52 —-0.30 —-0.31 -0.32 —-0.34
-3.24 —-0.99 —-0.87 —-0.68 —0.47 —-0.33 —0.34 —-0.36
—4.00 -1.14 —1.02 —-0.85 —0.64 -0.43 —0.36 —-0.37
—4.84 -1.29 —1.18 —1.01 —0.81 —-0.60 —-0.38 -0.39
—-5.76 —1.44 —1.33 -1.17 —-0.98 -0.78 —0.56 -0.41
—6.76 -1.59 -1.49 -1.33 -1.15 —-0.95 -0.74 —-0.50
—7.84 -1.74 —1.65 —1.49 -1.32 -1.13 -0.93 —-0.69
-9.00 —-1.89 —1.80 —-1.66 —1.49 —1.31 —1.11 —0.88
—10.24 -2.04 -1.96 -1.82 —1.66 —1.48 -1.29 —-1.07
—11.56 -2.19 -2.11 —1.98 —1.83 —1.66 —1.47 -1.26
-12.96 —2.34 -2.27 -2.14 —2.00 —1.84 —1.65 —1.45
—14.44 -2.49 —2.43 -2.30 -2.17 -2.01 —1.84 —1.65
—16.00 —2.63 —2.58 —2.47 —2.34 -2.19 -2.02 —1.84
—17.64 -2.78 —2.74 -2.63 -2.51 -2.36 -2.20 -2.03
—19.36 -2.93 —2.89 -2.79 —2.68 —2.54 —2.38 —2.22
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Table 25 Original data of the standard curves for 3 m door, 0.1 m nozzle depth, and discharge

angle of 0°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 4.09 3.94 3.79 3.63 3.45 3.26 3.07
38.44 3.94 3.80 3.64 3.48 3.29 3.10 2.90
36.00 3.80 3.65 3.48 3.32 3.13 2.93 2.73
33.64 3.65 3.50 3.33 3.16 2.98 2.77 2.55
31.36 3.50 3.35 3.18 3.01 2.82 2.60 2.38
29.16 3.36 3.20 3.03 2.85 2.66 2.44 2.21
27.04 3.21 3.05 2.88 2.70 2.50 2.27 2.04
25.00 3.06 2.90 2.73 2.54 2.34 2.11 1.87
23.04 2.92 2.75 2.58 2.38 2.19 1.94 1.70
21.16 2.77 2.61 242 2.23 2.03 1.78 1.53
19.36 2.62 2.46 2.27 2.07 1.87 1.61 1.36
17.64 2.47 2.31 2.12 1.92 1.71 1.45 1.19
16.00 2.33 2.16 1.97 1.76 1.55 1.28 1.01
14.44 2.18 2.01 1.82 1.60 1.40 1.12 0.84
12.96 2.03 1.86 1.67 1.45 1.24 0.95 0.67
11.56 1.89 1.71 1.52 1.29 1.08 0.79 0.50
10.24 1.74 1.56 1.37 1.14 0.92 0.62 0.33
9.00 1.59 1.42 1.21 0.98 0.76 0.46 0.16
7.84 1.45 1.27 1.06 0.82 0.61 0.29 0.00
6.76 1.30 1.12 0.91 0.67 0.45 0.13 —-0.02
5.76 1.15 0.97 0.76 0.51 0.29 0.00 —-0.04
4.84 1.01 0.82 0.61 0.36 0.13 —0.02 —-0.05
4.00 0.86 0.67 0.46 0.20 0.00 —-0.04 —-0.07
3.24 0.71 0.52 0.31 0.04 —-0.02 —0.06 —-0.09
2.56 0.57 0.37 0.16 —-0.01 —0.04 —0.08 —-0.11
1.96 0.42 0.23 0.00 -0.03 —-0.06 —-0.10 —0.12
1.44 0.27 0.08 -0.02 —-0.05 -0.08 -0.12 —-0.14
1.00 0.13 —-0.01 —-0.04 —-0.07 —-0.10 —-0.13 —-0.16
0.64 -0.02 -0.03 —-0.06 —-0.09 -0.12 —0.15 —-0.18
0.36 -0.03 —-0.06 -0.09 —-0.12 —-0.14 -0.17 -0.19
0.16 —-0.05 —-0.08 —-0.11 —-0.14 -0.16 -0.19 —-0.21
0.04 -0.07 —-0.10 -0.13 —-0.16 —-0.18 -0.21 -0.23
0.00 -0.10 —-0.12 -0.15 —-0.18 —-0.20 -0.23 -0.25
—-0.04 —-0.12 —-0.15 -0.17 —-0.20 -0.22 —-0.25 —-0.27
—-0.16 -0.14 —-0.17 -0.19 -0.22 —-0.24 —0.26 —-0.28
—0.36 -0.17 -0.19 -0.21 -0.24 -0.26 -0.28 —-0.30
—0.64 -0.19 —-0.21 —-0.24 —-0.26 -0.28 —-0.30 —-0.32
—1.00 —-0.33 -0.24 —-0.26 -0.28 —-0.30 -0.32 —0.34
—1.44 -0.49 -0.29 -0.28 -0.30 —-0.32 -0.34 —-0.35
—1.96 —-0.64 —0.45 —-0.30 —0.32 —0.34 —0.36 —-0.37
-2.56 -0.79 —-0.61 —-0.39 -0.34 —-0.36 —0.38 —-0.39

(continued)
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AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
—3.24 -0.95 -0.77 —0.55 —0.36 —0.38 —0.39 —0.41
—4.00 -1.10 —-0.93 —-0.72 —0.46 —-0.40 -0.41 -0.42
—4.84 -1.25 —1.09 -0.89 —0.64 -0.42 -0.43 —0.44
—5.76 —1.41 -1.25 —1.05 —-0.81 -0.57 —0.45 —0.46
—6.76 —1.56 —1.41 -1.22 —-0.99 -0.75 -0.49 —-0.48
—7.84 -1.71 —-1.56 —-1.38 —-1.16 —0.94 —0.68 —-0.49
-9.00 -1.87 —1.72 —1.55 —1.34 -1.12 —0.87 —0.68
—10.24 -2.02 —1.88 -1.71 —1.52 —-1.30 —1.06 —-0.87
—11.56 -2.17 —2.04 —-1.88 —1.69 —1.48 -1.25 —-1.06
—12.96 -2.33 -2.20 -2.05 —1.87 —-1.67 —1.44 -1.25
—14.44 —2.48 -2.36 -2.21 —2.04 —1.85 —1.64 —1.44
—16.00 -2.63 —2.52 -2.38 —2.22 -2.03 —1.83 —-1.63
—17.64 -2.79 —2.68 —2.54 -2.40 -2.21 -2.02 —1.82
—19.36 -2.94 —2.84 -2.71 -2.57 —2.40 -2.21 -2.01

Table 26 Original data of the standard curves for 3 m door, 0.08 m nozzle depth, and discharge

angle of 10°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 4.10 3.95 3.80 3.64 3.46 3.26 3.04
38.44 3.95 3.80 3.65 3.48 3.29 3.09 2.86
36.00 3.80 3.65 3.50 3.32 3.13 2.92 2.69
33.64 3.66 3.50 3.35 3.17 2.96 2.75 2.51
31.36 3.51 3.36 3.20 3.01 2.80 2.57 2.33
29.16 3.36 3.21 3.05 2.85 2.64 2.40 2.16
27.04 3.21 3.06 2.90 2.69 2.47 2.23 1.98
25.00 3.06 291 2.74 2.53 2.31 2.06 1.80
23.04 2.92 2.76 2.59 2.37 2.14 1.89 1.62
21.16 2.77 2.61 2.44 2.21 1.98 1.72 1.45
19.36 2.62 2.46 2.29 2.06 1.82 1.55 1.27
17.64 2.47 2.31 2.14 1.90 1.65 1.38 1.09
16.00 2.33 2.17 1.99 1.74 1.49 1.21 0.92
14.44 2.18 2.02 1.84 1.58 1.32 1.04 0.74
12.96 2.03 1.87 1.69 1.42 1.16 0.87 0.56
11.56 1.88 1.72 1.54 1.26 0.99 0.69 0.39
10.24 1.73 1.57 1.39 1.10 0.83 0.52 0.21
9.00 1.59 1.42 1.24 0.95 0.67 0.35 0.03
7.84 1.44 1.27 1.09 0.79 0.50 0.18 —-0.02
6.76 1.29 1.12 0.94 0.63 0.34 0.01 —-0.04
5.76 1.14 0.97 0.79 0.47 0.17 —0.02 —0.06
4.84 1.00 0.83 0.64 0.31 0.01 —-0.04 —-0.08
4.00 0.85 0.68 0.49 0.15 —-0.02 —-0.07 —-0.10

(continued)
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Table 26 (continued)
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
3.24 0.70 0.53 0.34 0.00 —0.05 —0.09 —0.13
2.56 0.55 0.38 0.19 —0.03 -0.07 —0.11 —0.15
1.96 0.41 0.23 0.04 —0.05 —0.09 —0.13 —0.17
1.44 0.26 0.08 —0.02 —0.08 —0.12 —0.16 —0.19
1.00 0.11 —0.01 —0.05 —0.10 —0.14 —0.18 -0.21
0.64 -0.01 —0.04 —0.08 —0.13 —0.16 —0.20 -0.23
0.36 —0.04 —0.07 —0.11 —0.15 —0.19 —-0.22 —0.26
0.16 -0.07 —0.10 -0.14 —0.18 -0.21 —0.25 —0.28
0.04 -0.10 —0.13 -0.16 —0.21 -0.23 —0.27 —0.30
0.00 —0.13 —0.16 -0.19 —0.23 —0.26 —-0.29 —-0.32
—0.04 —0.16 —0.19 -0.22 —0.26 —0.28 —0.31 —0.34
—0.16 -0.19 —0.22 -0.25 —0.28 —0.30 —0.33 —0.37
—0.36 -0.23 —0.25 -0.28 —0.31 -0.33 —0.36 -0.39
—0.64 —0.38 —0.29 -0.31 —0.33 —0.35 —0.38 —0.41
—1.00 —-0.53 —0.44 -0.34 —0.36 —0.38 —0.40 —0.43
—1.44 —0.68 —0.59 —0.48 —0.39 —0.40 —0.42 —0.45
—-1.96 —0.82 —0.74 —0.63 —0.54 —0.42 —0.45 —0.47
—2.56 -0.97 —0.89 -0.79 —0.69 —0.54 —0.47 —0.50
—3.24 —1.12 —1.04 —0.94 —0.85 —0.70 —0.58 —0.52
—4.00 -1.27 -1.19 —1.10 —1.00 —0.87 —0.74 -0.61
—4.84 —1.42 —-1.35 —-1.25 —1.15 —1.03 —-0.91 —0.78
—5.76 -1.57 —1.50 —1.40 —1.31 -1.19 —-1.07 —0.94
—6.76 -1.72 —1.65 —1.56 —1.46 —1.35 —-1.23 —1.11
—7.84 —1.86 —1.80 -1.71 —1.62 —1.51 —1.40 —1.28
—9.00 -2.01 —1.95 —1.86 -1.77 —1.67 —1.56 —1.45
-10.24 -2.16 -2.10 -2.02 -1.93 —1.83 -1.73 -1.61
—11.56 -2.31 —2.25 -2.17 —2.08 —2.00 —1.89 —1.78
—12.96 —2.46 —2.40 -2.33 —2.24 -2.16 —2.05 —1.95
—14.44 -2.61 -2.55 —2.48 -2.39 -2.32 —-2.22 -2.12
—16.00 -2.76 -2.70 -2.63 —-2.54 —2.48 —-2.38 —2.28
—17.64 -2.90 —2.85 -2.79 -2.70 —2.64 —2.55 —2.45
—19.36 -3.05 -3.00 —-2.94 -2.85 —2.80 -2.71 -2.62
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Table 27 Original data of the standard curves for 3 m door, 0.1 m nozzle depth, and discharge

angle of 10°

AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 4.02 3.82 3.67 3.47 3.25 3.00 2.75
38.44 3.87 3.67 3.52 3.31 3.08 2.82 2.56
36.00 3.72 3.53 3.36 3.14 291 2.65 2.37
33.64 3.57 3.38 3.20 2.98 2.74 2.47 2.18
31.36 3.42 3.23 3.05 2.82 2.57 2.29 2.00
29.16 3.28 3.08 2.89 2.66 2.40 2.12 1.81
27.04 3.13 2.93 2.74 2.49 223 1.94 1.62
25.00 2.98 2.78 2.58 2.33 2.06 1.76 1.43
23.04 2.83 2.63 2.43 2.17 1.89 1.59 1.25
21.16 2.68 2.48 2.27 2.00 1.72 1.41 1.06
19.36 2.53 2.33 2.11 1.84 1.55 1.23 0.87
17.64 2.38 2.19 1.96 1.68 1.38 1.06 0.69
16.00 223 2.04 1.80 1.52 1.21 0.88 0.50
14.44 2.09 1.89 1.65 1.35 1.04 0.70 0.31
12.96 1.94 1.74 1.49 1.19 0.87 0.53 0.12
11.56 1.79 1.59 1.34 1.03 0.70 0.35 —-0.01
10.24 1.64 1.44 1.18 0.87 0.53 0.17 -0.03
9.00 1.49 1.29 1.02 0.70 0.36 0.00 —0.05
7.84 1.34 1.14 0.87 0.54 0.19 —0.02 —0.08
6.76 1.19 0.99 0.71 0.38 0.02 —0.05 —-0.10
5.76 1.05 0.84 0.56 0.21 —-0.02 —-0.07 —-0.12
4.84 0.90 0.70 0.40 0.05 —-0.05 —-0.10 -0.14
4.00 0.75 0.55 0.25 -0.02 -0.07 -0.12 -0.17
3.24 0.60 0.40 0.09 —0.04 -0.10 -0.14 -0.19
2.56 0.45 0.25 —-0.01 —-0.07 -0.12 -0.17 -0.21
1.96 0.30 0.10 -0.04 —-0.10 -0.15 —0.19 -0.23
1.44 0.15 —-0.01 —0.07 —0.12 -0.17 -0.22 —-0.26
1.00 0.00 —0.04 -0.10 —-0.15 —-0.20 -0.24 —-0.28
0.64 —-0.03 -0.07 —-0.13 —-0.18 -0.22 —0.26 —-0.30
0.36 -0.06 —-0.10 -0.16 -0.20 -0.25 —0.29 -0.32
0.16 -0.09 —-0.13 —-0.18 -0.23 —-0.27 —-0.31 —-0.35
0.04 -0.13 —-0.16 -0.21 -0.25 —-0.30 —0.34 —-0.37
0.00 -0.16 —-0.20 -0.24 -0.28 -0.32 —0.36 —-0.39
—-0.04 -0.19 —-0.23 -0.27 —-0.31 —-0.34 —0.38 -0.41
—-0.16 -0.22 —-0.26 —-0.30 —-0.33 —-0.37 -0.41 —0.44
—0.36 -0.25 -0.29 -0.33 —-0.36 —-0.39 -0.43 —0.46
—0.64 —-0.34 —-0.32 —-0.36 -0.39 -0.42 —0.45 —-0.48
—1.00 —-0.49 —0.41 -0.38 —0.41 —0.44 —0.48 -0.51
—1.44 —0.64 —0.56 -0.44 -0.44 —-0.47 —-0.50 —-0.53
—1.96 -0.79 -0.71 —-0.59 —0.46 —-0.49 —0.53 —-0.55
—2.56 -0.94 —0.86 -0.75 —-0.57 —-0.52 —0.55 —-0.57

(continued)
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Table 27 (continued)
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
—-3.24 -1.09 —1.01 -0.90 -0.73 —0.60 —0.57 —0.60
—4.00 -1.23 —1.16 -1.05 —0.89 -0.76 —-0.61 -0.62
—4.84 -1.38 —1.31 -1.20 —1.05 -0.92 -0.78 -0.64
—5.76 —1.53 —1.46 —1.35 —-1.21 —1.09 —0.95 —0.74
—6.76 —1.68 —1.61 —1.51 —1.37 —1.25 —1.12 -0.92
—7.84 -1.83 -1.76 —1.66 —1.54 —1.41 —1.28 —1.10
—9.00 —-1.98 —-1.91 —1.81 -1.70 —1.58 —1.45 -1.27
—10.24 -2.13 -2.06 -1.96 —1.86 -1.74 —1.62 —1.45
—11.56 -2.28 -2.21 =211 -2.02 -1.91 -1.79 -1.63
—12.96 —2.43 —2.36 -2.26 —2.18 -2.07 —1.95 —1.81
—14.44 -2.58 -2.50 —-2.42 —2.34 -2.23 -2.12 —1.98
—16.00 -2.73 -2.65 -2.57 -2.50 —2.40 -2.29 -2.16
—17.64 -2.88 -2.80 =272 —2.66 -2.56 —2.46 -2.34
—19.36 -3.03 -2.95 -2.87 -2.83 -2.72 -2.62 -2.52

Table 28 Original data of the standard curves for 3 m door, 0.08 m nozzle depth, and discharge

angle of 20°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 4.07 391 3.74 3.55 3.35 3.12 2.87
38.44 3.92 3.76 3.58 3.39 3.18 2.94 2.68
36.00 3.77 3.61 3.43 3.23 3.01 2.76 2.49
33.64 3.62 3.45 3.27 3.07 2.83 2.58 2.30
31.36 3.47 3.30 3.11 2.90 2.66 2.40 2.11
29.16 3.32 3.15 2.96 2.74 2.49 222 1.92
27.04 3.18 3.00 2.80 2.58 2.32 2.04 1.74
25.00 3.03 2.85 2.64 2.42 2.15 1.86 1.55
23.04 2.88 2.70 2.49 2.26 1.98 1.68 1.36
21.16 2.73 2.55 2.33 2.10 1.81 1.50 1.17
19.36 2.58 2.40 2.17 1.93 1.64 1.33 0.98
17.64 243 2.25 2.02 1.77 1.47 1.15 0.79
16.00 2.29 2.10 1.86 1.61 1.30 0.97 0.60
14.44 2.14 1.95 1.71 1.45 1.13 0.79 0.42
12.96 1.99 1.80 1.55 1.29 0.96 0.61 0.23
11.56 1.84 1.65 1.39 1.12 0.79 0.43 0.04
10.24 1.69 1.50 1.24 0.96 0.62 0.25 -0.02
9.00 1.54 1.35 1.08 0.80 0.45 0.07 —-0.04
7.84 1.40 1.20 0.92 0.64 0.28 —-0.02 —-0.07
6.76 1.25 1.05 0.77 0.48 0.11 —-0.04 —-0.09
5.76 1.10 0.89 0.61 0.32 —-0.01 —0.07 —0.12
4.84 0.95 0.74 0.46 0.15 —-0.04 —-0.09 —-0.14
4.00 0.80 0.59 0.30 0.00 —-0.07 —-0.12 —-0.17

(continued)
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Table 28 (continued)

AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
3.24 0.65 0.44 0.14 —0.03 —0.09 —0.14 —-0.19
2.56 0.51 0.29 0.00 —0.06 —-0.12 -0.17 -0.22
1.96 0.36 0.14 —-0.04 —0.09 —-0.15 —0.20 —0.24
1.44 0.21 0.00 -0.07 -0.13 -0.18 -0.22 -0.27
1.00 0.06 —-0.04 —-0.11 -0.16 -0.21 —-0.25 -0.29
0.64 -0.03 —-0.08 —-0.14 —-0.19 —-0.23 -0.27 —-0.32
0.36 —-0.07 —0.12 —-0.17 —0.22 —-0.26 —0.30 —0.34
0.16 —0.11 —-0.16 -0.21 —-0.25 -0.29 -0.32 —-0.37
0.04 -0.16 -0.20 —-0.24 -0.28 —-0.32 —-0.35 —-0.39
0.00 —-0.20 —0.24 —-0.28 -0.31 —-0.35 —0.38 -0.42
—-0.04 -0.25 -0.28 -0.31 —0.34 -0.37 —0.40 —0.44
—-0.16 -0.29 —0.32 —-0.35 —-0.37 —-0.40 -0.43 -0.47
—0.36 -0.36 —-0.36 —-0.38 —-0.40 -0.43 —0.45 —-0.49
—0.64 —-0.51 -0.47 —-0.45 -0.43 —0.46 —0.48 -0.52
—1.00 —-0.65 —-0.62 -0.59 —-0.56 -0.59 —-0.51 —-0.54
—1.44 —-0.80 —-0.76 -0.74 -0.71 -0.73 —0.64 —-0.62
—1.96 -0.94 -0.91 —-0.89 —0.86 -0.87 -0.79 —-0.77
—2.56 -1.09 —1.06 —1.04 -1.01 -1.02 —0.94 -0.91
-3.24 —1.24 -1.21 -1.18 —-1.16 —-1.16 —1.09 —-1.06
—4.00 —-1.38 -1.35 -1.33 -1.30 —-1.30 -1.24 -1.21
—4.84 —1.53 -1.50 —1.48 —1.45 —1.45 —1.39 —1.36
—-5.76 —-1.68 —1.65 —-1.63 —1.60 -1.59 —1.54 —-1.51
—6.76 -1.82 —1.80 -1.77 -1.75 -1.73 —1.69 —1.66
—7.84 -1.97 -1.95 -1.92 -1.90 —1.88 —1.84 —1.81
-9.00 -2.11 -2.09 -2.07 —2.04 -2.02 —1.99 -1.96
—10.24 -2.26 —2.24 -2.22 -2.19 -2.16 -2.14 -2.11
—11.56 —2.41 —2.39 —2.36 —2.34 -2.31 —2.29 —2.26
—12.96 -2.55 —2.54 -2.51 -2.49 —2.45 —2.44 -2.41
—14.44 -2.70 —2.68 —2.66 —2.64 -2.59 —2.59 —2.56
—16.00 —-2.85 -2.83 -2.81 -2.79 -2.74 —2.74 -2.71
—17.64 -2.99 -2.98 -2.96 -2.93 -2.88 —2.89 —2.86
—19.36 -3.14 -3.13 -3.10 -3.08 -3.02 -3.04 -3.01
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Table 29 Original data of the standard curves for 3 m door, 0.1 m nozzle depth, and discharge

angle of 20°
AP Pa 8 m/s 10 m/s 12 m/s 14 m/s 16 m/s 18 m/s 20 m/s
40.96 3.98 3.80 3.59 3.37 3.13 2.83 2.51
38.44 3.83 3.65 3.43 3.20 2.95 2.64 2.31
36.00 3.68 3.49 3.27 3.03 2.77 2.45 2.12
33.64 3.53 3.34 3.11 2.86 2.59 2.26 1.92
31.36 3.38 3.19 2.95 2.69 2.41 2.07 1.72
29.16 3.23 3.03 2.79 2.52 2.23 1.88 1.53
27.04 3.08 2.88 2.63 2.35 2.05 1.69 1.33
25.00 2.93 2.72 2.47 2.18 1.87 1.50 1.14
23.04 2.78 2.57 2.31 2.01 1.69 1.31 0.94
21.16 2.63 242 2.15 1.85 1.50 1.12 0.74
19.36 2.48 2.26 1.99 1.68 1.32 0.93 0.55
17.64 2.34 2.11 1.83 1.51 1.14 0.74 0.35
16.00 2.19 1.95 1.67 1.34 0.96 0.55 0.16
14.44 2.04 1.80 1.51 1.17 0.78 0.36 —-0.01
12.96 1.89 1.65 1.35 1.00 0.60 0.17 —-0.03
11.56 1.74 1.49 1.19 0.83 0.42 0.00 —0.06
10.24 1.59 1.34 1.03 0.66 0.24 -0.03 —-0.08
9.00 1.44 1.18 0.87 0.49 0.06 —-0.06 -0.11
7.84 1.29 1.03 0.71 0.33 —0.02 —-0.08 -0.14
6.76 1.14 0.88 0.55 0.16 —-0.05 —-0.11 -0.16
5.76 0.99 0.72 0.39 0.00 —0.08 —-0.13 -0.19
4.84 0.84 0.57 0.23 —-0.03 —-0.10 —-0.16 -0.22
4.00 0.69 0.42 0.07 —-0.06 -0.13 -0.19 -0.24
3.24 0.54 0.26 —0.02 -0.09 —-0.16 -0.21 -0.27
2.56 0.39 0.11 —0.05 -0.13 —-0.19 -0.24 —0.30
1.96 0.24 -0.01 —-0.09 —-0.16 -0.22 -0.27 -0.32
1.44 0.09 -0.05 —-0.12 -0.19 -0.25 -0.29 —-0.35
1.00 —-0.02 —-0.09 —-0.16 —-0.22 -0.27 —-0.32 —0.38
0.64 —0.06 —-0.13 —-0.19 -0.25 -0.30 -0.35 —0.40
0.36 —-0.11 -0.17 —-0.23 -0.28 —-0.33 —-0.37 —0.43
0.16 —-0.15 -0.21 —-0.26 -0.31 —0.36 —-0.40 —0.45
0.04 —-0.19 —-0.25 —-0.30 —-0.34 —0.39 -0.43 —0.48
0.00 —0.24 -0.29 —-0.33 -0.37 -0.42 -0.45 -0.51
—-0.04 —-0.28 -0.33 —-0.36 —-0.40 -0.44 —-0.48 —-0.53
-0.16 —-0.33 -0.37 —0.40 -0.43 —0.47 -0.51 —0.56
—-0.36 -0.37 -0.41 -0.43 —-0.46 —-0.50 —-0.53 —-0.59
—0.64 —-0.49 —-0.45 —0.47 —-0.49 —0.53 —-0.56 —-0.61
—1.00 —-0.63 —-0.60 —-0.57 —-0.59 —0.56 —0.58 —0.64
—1.44 -0.78 -0.75 -0.71 -0.73 —-0.63 —-0.61 —0.67
—-1.96 —-0.93 —-0.89 —0.86 —-0.87 —-0.78 —-0.76 -0.71
—2.56 —1.07 —1.04 —1.01 —1.02 -0.93 -0.91 —0.86

(continued)
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Table 29 (continued)

AP Pa 8 m/s 10 m/s 2m/s | 14mis 16m/s | 18m/is | 20m/s
—-3.24 -122 | -1.19 -1.16 —1.16 —1.08 -1.05 -1.01
—4.00 -137 | -1.34 -131 -1.30 -1.23 ~1.20 -1.16
—4.84 -152 | -148 —1.46 —1.45 -1.38 -135 -131
-5.76 -1.66 |-1.63 —1.60 -1.59 -1.53 —1.50 —1.46
—6.76 -181 | -1.78 -1.75 -1.73 -1.68 ~1.65 -1.61
—7.84 -196 | -1.93 ~1.90 —1.88 -1.83 ~1.80 -1.76
-9.00 -2.10 |-2.07 -2.05 -2.02 -1.98 -1.95 ~1.91
—-1024 | -225 | -222 -2.20 -2.16 -2.13 -2.10 -2.06
1156 |-240 |-2.37 —2.34 231 2.8 225 221
—1296 | -2.54 |-2.52 —2.49 —245 —2.43 —2.40 237
—1444 | -269 | -2.66 —2.64 -2.59 -2.58 -2.55 -2.52
-16.00 | -2.84 |-2.81 -2.79 —2.74 273 -2.70 -2.67
—17.64 | —298 |-2.96 —2.94 -2.88 -2.88 -2385 —2.82
-1936 | -3.13 | -3.11 -3.08 -3.02 -3.03 —3.00 -2.97
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