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Abstract

For the design of natural ventilation systems for passive cooling in buildings, engineers and architects are interested in the prediction of
ventilation rates as a function of position and size of the ventilation openings. In common use, there are both simple and detailed ( i.e., multi-
zone) ventilation models which rely basically on the same Bernoulli algorithm to describe airflow through large openings. An important
source of uncertainty is related to the attribution of discharge coefficients. The present study was undertaken to improve our knowledge on
velocity and discharge coefficients when measured in real buildings. The experiments were performed on a naturally ventilated three-level
office building where the staircase acted as exhaust chimney. In order to keep the flow pattem stable, a condition for air flow measurements
to be reproducible, the experiments were performed on windless nights where the flow was only driven by stack pressure. Air flow patterns
were traced with smoke and tracer gas. In a first set ofexperiments, air velocities, contraction and velocity coefficients and the position ofthe
neutral pressure level ( NPL ) have been measured, in a second set of experiments, the resulting effective area of a combination of two openings
in series. Air flow rates derived from velocity measurements in the open doorways were found to be in agreement with the flow rates obtained
with a constant injection tracer gas technique, with an uncertainty of *20Vo. The velocity coefficients p:0.7 +O.l and jet contraction
coefficients s: 0.85 + 0. I found in the experiments are shown to be in agreement with the generally accepted value of the discharge coefficient
fu: 9 e:0.6 + 0. l, giving nerv justification for its use in the models. Basic configurations for ventilative cooling are given to illustrate how
qualitative modeling used in simple models can give valuable information to the desi-qner. O 1998 Elsevier Science S.A. All rights reserved.

Kevn ords: Coefficient; Velocity measurement; Ventilative cooling

1. Introduction

Reality is infinitely complex. Our knowledge of the world
is always finite and therefore always incomplete. The marvel
is that we function quite well in the world in spite of never
fully understanding it. Our tool to deal with incomplete
knowledge is modeling. A model is a small finite (incom-
plete) description of an infinitely complex reality for the
purpose of answering particular questions. The complexity
of a model depends on the kind of questions we are seeking
to answer [ ].

Ventilation in buildings is a complex phenomenon. A key
question is which variables should be taken into account to
answer a particular question. For natural ventilation in sum-
mer, engineers and architects are interested to knorv il the
ventilation rate is sufficient to extract pollutants or heat from
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a given space. A dominant parameter to answer this question
is the position and size of the ventilation openings. Simple
ventilation models in the pre-design phase of a project are

often found to be sufficient to determine the effect o[ these
parameters [ 2,3 ] . Moreover, in a comparison of detailed and
simple models of air infiltration it was found that more com-
plex models do not generally increase the accuracy of the
result [4,5].

The well-kno',vn Bemoulli model off'ers valuable infor-
mation on the air flow path, flow rate and both inlet and outlet
velocities [6-9]. More recently, detailed ventilation models
have been coupled with building thermal models, in order to
evaluate the effect ofcooling by natural ventilation [ 10, I I ],
but the effect of cooling by natural ventilation can also be

described by using simpler models [ 12,l3].
In all these modeling efforts, an important source of uncer-

tainty, affecting similarly both detailed and simple models,
is related to the hydraulic resistance of airflow networks.
Which value should be attributed to the discharge coefficients
and the velocity coefficients? While a large number of coef-
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Fig. l. Outside t ie

ficients can be found in the reference work of Idelchik I I -1j .

few data are available rvhich have been measured on real

buildings. Indeed, a large number of sources deal with the

cofficient 12,3,6,91, but not so much with the factors deter-

mining its value. Furthermore, there is confusion between the

concepts ofvelocity and discharge coefficient and very often.

one is used in place of tlre other. In the absence of better

information, a generally used value for the discharge coeffi-
cient of a sharp-rimmed large openirtg is C6: (0.6+0.2)
tel.

In order to improve our knowledge of the actual values of
flow resistance coefficients in networks, describing air flows
in buildings, this paper presents new experirnental results.

The data has been obtained on a naturally ventilated three

level office building (Fig. I ) which was available for the

study ofbasic stack ventilation configurations. The research

was performed in the framework of a European research

project on passive cooling ofbuildings I I 5, I 6] and the objec-

tive was both to validate simple ventilation al-eorithms and to

give an experimental basis to design guidelines for night
cooling techniques U7 -20).

The multilevel office offers many possibilities to study the

influence ofopenings (size and position) on both the neutral

pressure level (NPL) and the airflow patterns. Single sided

ventilation and cross-ventilation situations have been studied.

A single flow path configuration was achieved by closing all
windows and doors in the building envelope, with the excep-

tion of an exhaust on the roof and one single office window
as the ventilation air inlet. Air ffow patterns were traced with
smoke and tracer gas. Air flow rates derived from velocity
measurements in open doorways were found to be in agree-

ment with the flow rates obtained with a constant injection
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tracer gas technique, with an uncertainty of *20Vo. Overall
agreernent was found between the velocity measurenlents and

theoretical nrodels.
The sinrple Bernoulli model is used to determine the influ-

ence of the size and position of the openings on the natural
ventilation of buildings. The role of the NPL to achieve effi-
cient cooling is briefly discussed.

In the experiments, air velocities and the position of the

NPL have been measured, and contraction and velocity coef-

ficients as used in the Bernoulli model have been observed,
where the only driving force is stack pressure (wind driven
flow tends to be unstable, can not be modeled in a simple
way, and has therefore been avoided in the experiments). In

a second set of experiments, the resulting effective area of a
combination of two openings in series was studied.

2. Ventilation modeling

In order to clarify the confusion in the literature between

discharge and velocity coefficients, the basic theory necessary

to interpret the measurements is recalled in this section.

2.1. Stack pt'essure

Air temperature differences cause density differences, and

therefore pressure differences between outdoors and indoors.
When the inside temperature of a building is higher than the

outside temperature, the pressure distribution over the build-
ing height qualitatively takes the forms shown in Fig. 2. In
these cases, air is flowing inside through the openings below
the NPL and outside throu-eh the openings above it. The

l. Outside vierv of the LESO building.



neutral pressurc level (NPL) is the height at which the inte-

rior and exterior pressures are equal [3]. zN"r is the distance

of the NPL from the Ieference level.

In a building with uniform leakage distribution and in the

absence of wind, the NPL is near rnidheight of the building
(Fig. 2a). The size and position of the openings determine

the location of the NPL ( Fig. 2b,c,d). A groundfloor opening

lowers the NPL (Fig. 2b), a topfloor opening increases the

height of the NPL (Fig. 2c). According to the mass conser-

vation principle the air mass flow rate through the openings

below the NPL equals the air mass flow rate through the

openings above it (Fig.2d).
The hydrostatic indoor/outdoor pressure difference for an

errclosure is expressed as:

Ap.(e) : (p.- p) g(Z-ZNpr-) : Pig(z - zNp )ry
(l)

where the ideal gas equation is used and a single zone approx-

imation is made (no temperature stratification, constant

indoor air density).

2.2. Bentoulli's equatiott

The application of the energy conservation principle

between the horizontal cross section of the building at the

NPL level and the vertical cross section of the opening A'
(Fig. 3) gives the Bemoulli equation I l4]. The surface area

of the building cross section compared to the opening surface
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Fig. 2. Distribution of srack pressure difference, A P, and position of the NPL for different opening configurations in the absence of wind.

area is large, so velocity in this section is low and kinetic

energy on the section NPL can be neglected.

The pressure drop between the two sections is the sum of
the Iocal pressure drop in the opening ( coefficient f) and the

pressure drop due to friction in the air path from A, at NPL
(coefficient O. They can be normalized to the air velocity r,
AS:

l^Lpw,r:r-tp.u1 (2)

l^
APr.i"rion,r :1tP.u2r. (3)

Under these conditions Bernoulli's equation becomes:

Ap*( z, I -!y.al -ly,t i -!y"rt,r? : o.

Combining Eqs. ( I ) and (4), the air velocity in the open-

ing can be expressed as:

(4)

ut:9

where use is made of the approximation p' = p. (valid
small A 7). The velocity coefficient g is expressed as:

where N, is the kinetic energy coefficient depending on the

uniformity of the velocity distribution in the opening section,

fis the local pressure drop coefficient for the opening and (
is the friction pressure drop coefficient I l4] . In a real building
(includes also the effects ofthe pressure drop due to obstacles

and direction changes in the air flow path.

g is determined experimentally and depends on the Reyn-

olds number, on the opening nature as well as on the obstacles

in the air flow path. It is difficult to distinguish the effect of
each parameter.included in g, but an overall value can be

found.

2.3. let fonning in tlte opening

The one-directional flow ofair passing through an opening

forms ajet. The stream lines are curved near the opening edge

and the effective area of the opening is smaller than the

geometrical one due to the contraction ofthe stream lines. In

(5)

for

(6)

2gQ-z,,p);

T",P" I Ti.Pi

Fig. 3. Air flow through an opening due to stack pressure when I; > I".
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paragraph the air flow through an external opening is visu-
alized using snroke, showing the forming of a jet (Fig. 7).
The jet contraction depends on the Reynolds number and on

the geometry of the edges of the opening; moreover, the

dimensions of the space on both sides of the opening have an

important influence on the flow contraction and therefore on

the flow resistance I l4].
The effective area of the opening depends on how the jet

fills the opening section. e is the coefficient ofjet contraction
( or coefficient of filling the section ) and is defined as:

Ael}'ecr iue

Ageon.ctricul

For a single opening this integration gives:

Fig. 4. Two openings enclosure.

zr is the vertical distance between the center of gravity of
the bottom opening and the reference level. For convenience

the reference Ievel can be chosen such that z, :0.
For enclosures with a single rectangular verlical opening,

the NPL is situated near the middle of the opening height
when temperature differences are small and the densities of
the inlet and outlet air are similar; the error is less than 0.37o

for a A Iof l0 K [9]. For more than two openings it becomes

complicated to calculate the neutral level using an explicit
equation and it is more convenient to use a numerical solution

method. The software LESOCOOL [l9l includes a tool to
determine the NPL for an enclosure with multiple large open-

ings. The algorithm used combines the basic principle of
AIDA [ 7,8 ] and the full algorithm describing airflow through

large opening [22].

2.6. Openings in series

For a number of openings in series, the total pressure drop

for a given mass flow, equals the sum of the partial pressure

drops overeach opening. Because the mean opening velocity

varies inversely with the effective opening area (continuity
equation ), the pressure drop over successive openings varies

inversely with the square of this area 16,13). It follows that,

zrd

(7)

2.4. Air flow rate

Integration over the opening height gives the airflow rate

though the opening:

t:Iwuar.
J

(8)

(9)t ilr I i rr
t':levAtf s\:f#ysHT

II
?Npr- - Zr

For two openings the air velocity can be considered con-
stant all over the opening height if the opening is far from the

NPL. The mean air velocity can be taken equal to the velocity
in the center ofthe opening. In this case the airflow rate is:

[: ACa ( t0)

Co is the discharge coefficient. It is the product of the

velocity coefficient g and the contraction coefficient e.

Ca: eQ (ll)

The discharge coefficient can be determined experimen-
tally when the air flow rate is measured directly, e.g., with a

tracergas method [21 ]. The velocity coefficientcan be deter-

mined similarly by measuring the air velocities.

2.5. Neutral pressure level 
)

The mass conservation principle is applied, using Eq. ( l0),
to an air tight enclosure with two openings, one at the top and

one at the bottom (Fig. a). With zNpr-, the distance of the

NPL above the reference level, and H, the vertical distance

between the centers of gravity of the two openings, Eq. ( I 2 )
can be derived:

o, :,!, A, : t,;(il' 
: t*!,(;)' : #!,c, ):

( l3)
When two openings on the same height z are placed in

series an effective opening area,A"rr, can be defined as:

FJ':(+.J.(#) ( l4)

lf Az> > A, the pressure drop over the second opening can

be neglected. lf A2> l.5A' the error of neglecting A, is less

than ll%o,whileif A2>2A,, this error is less than 67o.

3. Experiments.

The LESO building (Fig. I ) has offices at three levels,

with a staircase extending down to the basement and up to a

2g(z- zNn)-;

(12)



LESO building
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Experiment a

cbor ctop dbd dtoP

Experiment

staircase. In all cases, the top opening was represented by the

sunspace door at rooflevel ( 0.9 X 2 m, exposed to the east) .

The bottom opening for the first experiment (a) was the

entrance door (0.8 X2.3 m,exposed to the east). For the next

five experiments (Table lb-f), a ground floor window of
fixed height ( 1.5 m) and variable width (0.95 m-0.2 m) was

used. The window was situated in the center of the south

facade. The airflow pattern is sketched with the building

cross-section in Fig. 5.

We report on three series of experiments, performed in

Septernber (b, e, f), November (c) and December (a, d)

respectively, forwhich the conditions of low wind speed (less

than 0.6 m/s) and stable indoor--outdoor temperature differ-

ence (A 7 in the range 8 to 10 K) were satisfied.

I, (Table I ) is the average of four characteristic temper-

atures measured along the flow path between inlet and outlet'

The thermal stratification along the air flow path varied

between 2.5 and 5.5 K. It is noted that thermal stratification

is not explicitly taken into account by the model which uses

mean temperatures.
The velocity coefficients measured in the experiments a to

f (Table l) are plotted in Fig-6, showing that there is no

significant correlation between g and the opening dimension

or air velocity. Table I gives the values of the parameters for

each experiment.
The same experimental procedure was applied to two more

buildings satisfying the following conditions:
o Intemal restrictions on the flow path are larger than two

times the smaller oPening
o Temperature stratification is less than I K/m
o Windspeed is smaller than 0'5 m/s
o Building height is larger than three times the opening

height
In both these cases, the measured values of 9 were also

0.7 + 0. l, confirming that this value is not specific to a par-

ticular building.

3.2. Contraction cofficient e

The contraction coefficient could be determined experi-

mentally by visualizing the jet forming in the opening' The

experimental set up is identical to the experiments of Sec-

tion 3.1. The smoke is released outside the opening of the

groundfloor office ( 003 in building sketch of Fig. 5 ) ' A video

287

Fig. 5. Openings used for the experiments of Section 3' l '

sunspace on rooflevel (Fig.5)' The building which is natu-

rally ventilated through a central staircase, with openings

available on all levels, is ideal for ventilation experiments'

3.1. Velociry cofficient gfor large openings

The velocity coefficient was determined in six different

two-opening configurations as illustrated in Fig' 5 and

Table l. Except for the top and bottom opening, the building

was kept closed, including all internal doors towards the

1.0

0.9
0.8
o.7

o 0'6
' o.5

0.4
0.3
o.2
0.1
0.o

e bot c rop f top
r bol r@P bbd b lop

Fig. 6. velocity coefficients measured in top and bottom opening for six experiments. The data (a to f, in Table I ) correspond to decreasing bottom opening

size.
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Table I
Results of experiments a to f to determine velocity coefficients g

Experirnent

An (bottom)
A, (rop)
I, (internal temp.)

I" (external temp.)

a, (measured velocitY)

rr, (measured velocitY)

"9, (top)

'gr (bottom)
lr-
'NPL

nL

m-
m-
"C

'c
m/s
m/s

:

t.9
1.8

16.2

6.0
r.3
t.4
0.73

0.75

4.4

- llc

1.4

1.8

22.t
13.0

r.3
1.0

0.66
0.66
6.1

- 77c

l.'1

t.8
r8.9
9.t
1.4

l.l
0.68
0.69

6.1

1 l67c

1.4

1.8

16.7

4.9
r.8
1.3

o.79
0.79
6.2

l9o

0.9
1.8

22.1

r3.0
1.6

0.6
0.68
0.63
8.7

- 49c

0.3

1.8

22.t
r3.5
1.6

0.67

0.06

0.06
0.3

0.3

0.0!t
0.04
0.09
0.09
0.310.2

01o

.The velocity coefficienrs g, and g2 are calculated wirh Eqs. (5) and (7). Forexperirnentsalo f. theirmean value is 0.7. The theoretical standard deviation in

g, calculatej from the uncenainties in the measured paramerers ( last column ), yields 0.09, which is larger than the error derived from the spread in experimental

v:rlues of p (o.:0.06). This shows rhatrhe theorerical value for a is pessimistic and rhat the differences in theexperimental values are due to random errors.

nEq. 
1 I 21 for rhe NpL is corrected for the building air leakage; the latter depends on the size of the cracks and their location with respect to the NPL, which

clranged for every experiment. The leakage mass flow rate, L, is evaluated by applying:

a1A6p"u 1 - e2ArPtu2* L: 0
( ls)

andusingrheexperimentalvaluesoftheparametersa(seesection 3.2).ThecorrectionLisgivenasapercentageoftheflowratethroughthesmallestopening.

Conrbination of Eqs. ( 5 ) and ( l5 ) yields an implicit equation in :-'-ps for $ hich values are given for comparison:

,---- f-q. t- -," -r,
c7np.1 3s:"ruf - C uA,ptl 2 st :z- :xt )f + L = 0'

camera is placed on the opening edge, recording the flow of
the srnoke. Graph paper placed vertically on the window edge

allowed quantification of the contraction effect and the effec-

tive area ( I graduation: I cm). Digitized images for air

velocities in the range 0.4 to 0.9 m/s are shown in Fig. 7.

The jet contraction in the opening section oscillates con-

tinuously between 2and4 cm independent of the air velocities

which ranged from 0.3 to I m/s. Considering a contraction

of 3 + I cm, the coefficient s, for a rectangular opening of
dimensions I X I .5 m, is 0.90 + 0.03.

3.3. Openings in series

In the first set of experiments, it was supposed that there

was no additional resistance (due to restrictions orobstacles)

between the inlet and exhaust opening' In this second set of
experiments the validity of Eq. ( l4) was tested. The windows

of an office on the first floor ( 103 in building sketch of Fig. 8)

were used as air inlets, and the area of an intermediate opening

(office door) was varied, while air flow rate measurements

were perforrned.
The effective surface ataa A"6 could be normalised to Ab

?S As6s: €a 9.rr Aa, where 9eff is the new velocity coefficient

after combining the two openings in series Ao alrd A;11i

From Eq. ( I 4 ) , 9",1 could be derived as:

a

l:l*l( ,"0' ) (r7)
ein ql' Pi. \e,.,A,,J

The contraction coefficients have been evaluated by visu-

alizingthe air flow path with smoke at room temperature. For

( l6)

the outside opening Ao, the distance between the jet and the

opening edge rvas (3 + I ) cm (Fig. 7) on all four sides of
the perimeter. This gives a contraction coefficient of
0.85+0.05. For the intermediate opening, A;n,, the e;n1 is

higher (q,,:0.95) because only two edges are sharp (the

sides near the floor and near the wall do not modify the air

stream Iines).
The results in Table 2 show good agreement between the

measured velocity coefficients and those estimated using Eq.

( l7 ). The velocity coefficients for the top opening have sim-

ilar values as those obtained in the first set of experiments

(Table I ).

3.4. Tracer gas nleasurenrcnts

The experimental set up is the same as in Section 3.1

(Fig. 5) with a bottom opening of 1.4 m2 and a top opening

of 1.35 m2. The inside-outside temperature difference, A I,
is 3.5 K and there is no measurable wind outside. In the

intermediate door between the ground office 003 and the

staircase, a constant flow rate of 4.17 ml/s of SF6 gas is

mixed naturally with the incoming air. The concentration of
SF6 measured at the top opening gives the air ffow rate

through the building and therefore the discharge coefficient

Ca. The tracer gas apparatus CESAR and tracer gas measuring

techniques are described in Ref. [21].
Point velocity measurements at different heights of the

openings give the velocity coefficient 9. Multiplied with the

contraclion coefficient I calculated in Section 3.2, a second

discharge coefficient is obtained. Fig.9 shows good agree-
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Fig. 8. Opening configuration and air flow pattern used in the experiments
ofSection 3.3.

Table 2

Measured velocity coefficient 9 compared with Eq. ( l6)

Experiment

A, (top opening surface area)

,4n (bottom opening surface area)

A,,,, ( intermediate opening surface

area )

ll: (measured)

rr, (measured)

92 (top velocity coefficient)
gr (measured bott. velocity coef.)
g"n (calculated with Eq. ( l7) )
7c difference

0.& 0.64 1.00

I . l0 I .01 0.98
0.9 0.62 0.69
0.54 0.50 0.62
0.57 0.53 0.58

-6Vo -5?o 67c

m2

m-
m-

1.8

0.7
1.9

m/s 0.72
m/s 1.32

- 0.74

- 0.66

- 0.66

- l7o

1.8 1.8

0.7 t.4
0.72 I.9

t.8
0.7
0.9

Fig.7. Video images of the airllo\\,pattern in the windcxi used in Experi-

ments b-f; the air florving in fiom the right is traced uith smoke released

outside; the two top figurL"s are the sar'ne: the bottorx fi-lure shou's turbulent

flow,

ment between the discharge coefficients evaluated by the tu,o
methods. The generally accepted virlue of C,i:0.6+0.1
I l4l, is confirnred once again.

4. Design guidelines

The NPL is a very inrportant concept for the correct desi,un

of natural ventilation. When purely stack driven ventilatiorl
is used to cool hi-ch buildin-es. it is irrrpossible to enterfl'esh

outside air through the openings above the NPL. Opening a
window in a high building implies a modification of the

location of the NPL and as a result the air flow path in the
whole building can be radically changed with a change of the
flow direction in several openings.

To allow fresh air to enter the highest building level, the

exhaust opening should be placed well above this Ievel and

building

Al\
-_*IF

:/
[._ (variable
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Air flow rate & Discharge coefficients

- 

n [m3ltt]
'"'''' Cd gas tracer measuremen

x Cd velocity measurement

35@

3000

2500

2000
i trp/h]

1500

1000

s00

o

1.0

0.9

0.8

0.7

0.6

0.5

o.4

0.3

0.2

o.1

0.0

6:40 6:45 6:50 6:55

Fig. 9. Comparison ofthe discharge coefficient

7:1o 7:15 7:2O7:0O 7:05

Time
measured by tracer gas and by velocity measurements

L

NPL

L
NPL

Fig. I 0. Four cases showing how the opening dimension and position can be manipulated to obtain night cooling of all the stories of a three story building. ( a)

poor cooling of upper level; (b) to (d) various ways to improve cooling.

L
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be nrade as large as possible. It should be placed on the lee_
side of the building so that wind and stack pressure increase
air flows.

If the stack pressure at highest stories is low, special
arrangements may correcr the situation (Fig. l0). If these
arrangements are impossible, mechanical ventilation could
be considered for these stories.

5. Conclusions

An irnportant source of uncertainty in both simple and
detailed (i.e., multi-zone) ventilation models used to predict
passive cooling is related to the attribution ofdischarge coef-
ficients. Tlre present study was undertaken to improve our
knowledge on velocity and discharge coefficients when meas-
ured in real buildings. The experiments were perforrrred on a
naturally ventilated three-level office building where the
staircase acted as exhaust chimney. In order to keep the flow
pattern stable, a condition for air flow measurements to be
reproducible, the experiments were peformed on windless
nights where the flow was only driven by stack pressure. Air
flow pattems were traced with snroke and tracer gas.

In a first set ofexperirnents, air velocities, contraction and
'r,elocity coefficients and the position of the neutral pressure
level (NPL) have been measured, in a second set ofexperi-
ments, the resulting effective area of a cornbination of two
openings in series. The nature ofthe phenomenon ofnatural
ventilation makes the validation of models difficult whether
they are simple or complex [4,5,7.8]. The precision in the
experiments of this paper is of the order of 207c to 25Vo.

The experiments performed in a real building to determine
flow coefficients, confirm the values found in the literature
obtained in laboratory experiments. The air velocity and the
tracer gas air flow rate measurements conducted to determine
the discharge coefficient give the same resulrs. The velocity
coefficients g:0.7 * 0. I and jet contraction coefficients
e: 0.85 * 0. I found in the experiments are in agreementwith
the generally accepted value of the discharge coefficient
Ca:ee:0.6*0.1.

The results has been obtained for slightly turbulent flow
which was driven by a steady stack pressure. In the presence
of wind the driving pressure will be fluctuating and the flow
pattern unsteady. Although it is expected that wind will
increase both friction and contraction ( decreasing the appar-
ent Co value), it was found that the uncertainty in the flow
measurements increased so much, that wind effects could not
be determined.

Finally, design guidelines for ventilative cooling are given
to illustrate, that simple models for natural ventilation can
give valuable information to rhe designer. The imprecision
of the model might be a minor issue if the model gives a
qualitatively correct answer, especially when account is taken
of the uncertainty of input data [4]. Future research should
further explore the possibilities ofusing qualitative nrodeling

and qualitative simulation techniques to model natural
ventilation.

6. List of symbols

Surface area [mr]
Dischargecoefficient t -l
gravitational constant [m/s2]
Distance between opening centers tml
Leakage ntass flow rate [kg/sl
Mass flow rate tkg/sl
Kinetic energy (Coriolis) t - l
coefficient
Pressure

Temperature
Air velocity
Volume flow rate
Opening width
Height
Pressure difference
Jet contraction coeffi cient
Frictional pressure drop
coefficient.
Local pressure drop coefficient
Air density
Velocity coefficient

A
c.
o5

H
L
ni

p
T
u

I
W

z

L,p
e

t

I Pa]

lK, "cl
Im/s]
lm3/sl
lml
lml
lPal
t-l
t-l
t-l
Ikg/m3]
t-l

t
s
p
q

Sffixes

b
e

eff
t
i
int

Bottom
External
Effective
top
Internal
lntermediate opening
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