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The mathematical model o fdefinition o fparameters o fair inside a compartment is developed in view ofpa-

rameters of feed and discharge air.

Comparison of results of calculation and experiment is

carried out. The process ofairflowing between compartments is investigated and the main regularities o fin-
fluence ofparameters ofa movingflow on a structure o fa compartment andpeople are determined.

Introduction

Research of processes of the air flowing from
compartments is explained in many publications. We
shall mark only those publications which have de-
fined ways and methods of the solution of the given
class of problems.

Compression and expansion of a flow at air flow-
ing from compartment concerns to a primal problem
of gas dynamic. Publications of Bernoulli,
Zhukovsky, Chaplygin [1-4] wete devoted to
reserching of this problem. Mass and energy interac-
tions of gas in a compartment are investigated in
publication [5]. In the publication equations for a
constant and variable mass are considered, energy
equations of a condition are determined, conditions
about a stationarity of process of interaction of gas
with an environment are investigated. In publica-
tions [6; 7] models for isothermal, adiabatic and
polytropic processes of air flowing from of com-
partment are developed. Authors of publications
investigated the features of application of such
models. For expansion of a field of application of
the investigated models the model for polytropic
process with a variable polytropic exponent is
offered. Despite of a universality of such model the
practical use of model calls certain complexities by
definition of a polytropic exponent.

Expansion of areas of practical use of different
kinds of engineering and a raise of requirements to
such objects continuously forces to produce the
analysis of obtained before results and to determine
the further researches. So in publication [8] it is un-
derlined the a urgency of these activities nowdays
and necessities of work on safety provisions of the
different vessels under pressure. Different cases of
depressurization of compartments of airplanes with
lethal outcomes till now take place. Therefore con-
stant enhancement of requirements on safety provi-
sion of airplanes and space vehicles causes a raise of
an accuracy of developed models and urges to con-
tinue researches for definition of effect of processes
of flow of air between compartments on a structure
of compartments and people.

In connection with complexity of progress of
processes under examination insufficient quantity of
theoretical researches the works in this area are fre-
quently carried out on the basis of full-scale experi-
ments.

In publication [9] results of experimental re-
searches of a full-sized aeroplane are shown.

On the basis of experiment the processes of de-
pressurization of compartments are investigated and
margins of safety of an airplane structural compo-
nents are determined.

For realization of such researches the big mate-
rial inputs are required. Therefore preferable and
economically expedient is realization of numerical
researches with application of different mathemati-
cal models.

In publication [10] the basic equations of acous-
tics of an inhomogeneous moving medium are con-
sidered and obtained energy components of a
moving flow. In connection with complexity of
processes of flow of air between compartments, de-
termination of key parameters of a moving flow
which affect a structure and people, is an actual
problem in present time.

Statement of a problem

The present activity is devoted to the further re-
search of processes of the of air flowing from a
compartment. In the publication it is necessary to
solve the following problems.

1. To develop mathematical model of air flowing
from a compartment in view of parameters of brak-
ing of feed and discharge air. The mathematical
model should have static and dynamic components
of a moving flow. To conduct researches of designed
model and to compare results of calculation on a
model and from experiment.

2. To investigate mathematical model in view of
processes of aerodynamic noise at air flowing from a
compartment.

3. To conduct numerical researches of processes
of air flowing from a compartment, to define ways
and methods of safety provision of an airplane in
view of flow of air between compartments.
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Model

Let's consider a volume V , in which there is air
of mass mwith an enthalpy broken flow:

. w2
0 =i +-

where i-uU +— - enthalpy, J/kg; U - specific inte-
P

rior energy, J/Kg; static pressure, Pa: p -

p -

density, kg/mS; — specific kinetic energy, J/kg.
Inside of a volume air is fed by a mass m~ with

an enthalpy of braking
2(1)

and air is discharged
2(2)
") =1+
0 2
For small period dX in a volume the energy is
fed dQ also it is discharged dL . On the basis of an
energy conservation law we shall record in a differ-
ential form a variation of parameters of air inside a
volume as follows

dQ dL _d(iom) d($m®) | d(i*An*)

dx dx dx dx dx (1)
Let's take
B=dQ dL
dx  dx

A variation of a mass of substance in the chosen
volume it is determined from an equation

No=g)_g@ (2)

dx
where —d— =G”™ - rate of flow of incoming air:
X ]

dm(z)

q G N - rate of flow of outcoming air.
X

After conversions of an equation (1) we have
m %In B+4% ()- 42G(@- i0g®- g @)+ d,
X

, n
D=

an @ 418
dx

Let's express an enthalpy of braking in therms of
temperature of braking:

Z—C T O—C W @ o P

We have

dTr )
mC,,— =B+ Bx-CpT (g @- G@)+D,, (3)
'p dx
Bx=cpr® () =Ci,rqG (2);
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A
dx dx

where Cp- specific heat of air at constant pressure,

J/ (kg-deg).
Let's assume, that parameters of braking air in a
volume are described by an equation of a condition:
m
) =RTO
Vv
k
k-1 m w2h*l
po=p 1+
k VP 2y
where Po - full pressure, Pa; P - static pressure, Pa;
R - universal gas constant, J/ (kg-deg).

We differentiate an equation of a condition with
respet to time and after conversions it is obtained:

dTe PO( 1 dV
dx R “mdx

Let's insert an equation (4) in (3):

V dm” v _d?

mR dx @

m2 dx ,

c.VdP° -B+G rghG () - Cpra2G () + D2, (5)
R dx P

PV _

R dx
The system of differential equations (2), (4), (5)
describes process of variation of pressure and tem-
perature of air inside a volume in terms of parame-
ters of braking at input dQ and output dL of energy,

where D2- a0 - C

at presence of feed into G”~and discharge G <2lair,
under variation of a volume dV . We shall consider
some particular solutions which follow from the ob-
tained set of equations. If process of air flowing
from a volume is accompanied by a variation of a
volume from an equation (5) follows, that with other
condition being equal there is air pressure decrease

m a volume at -j- >0 or air pressure increase 11l a

, dv
volume at - — <0.
dx
At the of air flowing from the big volume

(r0=T,P0=P) and constant temperature of air in a

dP
0-0,To= const
dx

volume the equation (4) will

be transformed to an equation according to publica-
tion [6]:

AN =N
(GW_G() )
dx V 2 r
Taking into account additional condition:
dfo T/
= —2: ~0

dx:; dx



82

the equation (6) will be transformed to an equation
P Rdiee 0)-r @CE). @
dx V
From the comparative analysis of models (6) and
(7) follows, that model (7) is preferable as it takes
into account temperature of fed and discharge air.
Air pressure variation in the big volume
(PO- P, TO=T) at a supply and extraction of air
with constant temperature

\
dT®
0 =0,771 =const
y dx

rd4?2
dx

and a constant volume (V =const) the equation (6)
will be transformed to an equation for adiabatic
process according to publication [5]:

dP k- 111rdQ dL
dx k VVdx dx

where I(= <P k -
k-1 R

Researches of this mathematical model and its
field of application is shown in publication [11].

Thus, the system of differential equations (2), (4),
(5) is the generalized model of the of air flowing
from a compartment. To solve the system of differ-
ential equations the rate of flow is calulatid by for-
mula

=0,7'24- const

+cpra 0. cpt 2g {2)J

F-PI A w)
RTh A i j

W=42\— (T0O2-TOI)+b;
n—

n-\ n'\
4p N

b=Cr 1 1 g 2
\ P02J J

+q-1i,

where n - polytropic exponent; q - the specific in-
put energy, J/kg; /- a specific output energy, J/kg.

The polytropic exponent is determined according
to resistance to interference methods [12; 13].

Experiment

Experimental researches of processes of air flow-
ing from compartments of an airplane were carried
out. At one operation altitude of flight (h = 5000 m)
depressurization of an airplane was carried out.
Measurement of air pressures in compartments of an
airplane during depressurization was performed with
the help of the airplane equipment. Results of such
researches in a compartment is shown in fig. 1
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Fig. 1L Comparative estimation of results of cal-
culation and experiment of air pressure variation
in a compartment P/P(h = 0) concerning a stan-
dard atmosphere with respect to the time:

1. experiment; 2- calculation

The developed system of differential equations
(2), (4), (5) describes process of air flowing from
compartment and reflects character of pressure
variation of air in a compartment. The error of result
of calculation of a full air pressure in a compartment
does not exceed 11 %. Significant errors of results of
calculation were noticed on transient regimes of
flow of air that is stipulated by inertia properties of
the airplane measuring equipment. The accuracy of
measurement of an air pressure essentially depends
on sizes of a compartment. For the big volumes the
location of sensors of measurement of an air pres-
sure did not influence indications of sensors. With
reduction of sizes of a compartment, when values of
full and static pressure do not coincide (PO P ), in-

dications of sensors was influenced by dynamic
component (plvV2/2) of a flow. Therefore for such

compartments it is required to produce an integration
of a system of differential equations for an estima-
tion of concreteness of results of calculation with re-
spect to a volume. The carried out calculations with
application of numerical methods have confirmed
the influences of dynamic component a flow in a
compartment on results of measurements. Measure-
ments of air pressures in compartments was con-
ducted also at other operation altitudes of flight.
Results of calculation according to a system of

differential equations had steady estimations.

Numerical researches

On the basis of a system of differential equations
(2), (4), (5) numerical researches of a variation of
parameters of air inside compartments during of air
flowing between compartments were carried out. On
the basis of parameters of air the estimation of influ-
ence of processes of flow of air on a structure of an
airplane and people which were accomodated in
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compartments was provided. The estimation was
performed by the limit values. For a structure limit
pressures at which the structure withstood effect of a
flow were set. For people the limit pressure on a

level of acoustical pressure equal to 2x103Pa. If
during flow of air parameters of a flow reached limit
values calculation of parameters of air was per-
formed from an initial state of process of the flo-
wing. Thus, parameters of devices for air flowing
varied (with the given integration step) or the limit
value of a structure was increased. The method of
searching of the solution of such problem was set in
the beginning of calculation. At excess of parame-
ters of limit pressure flow with respect to level of
sound pressure there were changes only in parame-
ters of structure for air flowing or parameters of feed
and discharge air. Wave propagation velocity is de-
termined under the formula

W :JQP +deW +W2 dPn
B Vdp dp 2 dp

The equation (8) determines a velocity of a wave
in stable air depending on static and full pressure, a
velocity and density, dynamic component a moving
flow. At a supply and extraction of air from a com-
partment dynamic components render essential in-
fluence on formation of disturbances in a compart-
ment.

Optimization of parameters of process under
examination and selection of a preferable structure is
made until parameters of a moving flow do not
exceed limit values. It is necessary to notice, that a
structure of a compartment and people are affected
by the processes of air flow through parameters of
the broken flow. Character of interaction of a flow
and a structure depends on value dV/dr, static and
dynamic component of a flow, elastic properties of a
structure.

The carried out researches of processes of flow of
air between compartments at altitudes of flight up to
12 km show, that maximum effect of a moving
flow on a structure of a compartment and people is
determined by maximum pressure differentials of air
between compartments and conditions of air flow
altitude. Maximum effect of a flow may be reached
not necessarily on a maximum altitude of flight. So
for some versions of a structure maximum effect is
obtained at altitudes of flight of 6...7 km. Such
effect is provided by variation of a condition of flow
in the critical area. In many cases the solution of
such problem is reduced to searching the preferable
solution at all operation altitudes of flight.

Pressure variation of air in a compartment in
climb of an airplane with different relative slots (FO-
relation of area of a slot to area of the outlet valve)

(8)
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in a compartment is shown fig. 2. Sizes of a slot and
character of slot forming influences the pressure
variation of air in a compartment. Essential influ-
ence on people and a structure provides the initial
moment of the air flowing from a compartment. It is
possible to explain it by unstabilite of process of the
of air flowing from a compartment.

PIPQI=0)

2
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Fig. 2. Air pressure variation in a compartment
P/P(h = Q) concerning a standard atmosphere
with respect to the time:

7- F0O=0,45; 2-F0=097

The feeding and discharging of air from a com-
partment influences not only air pressure variation in
a compartment, but also variation of air temperature.
So the tapping of warm air from a compartment re-
duces the temperature of air in a compartment. From
this regularity of examined process the method of
cooling of a compartment may be used by tapping
the warm air.

Effect of processes of air flowing on people is
especially exhibited on transient regimes of air flow
or at different kinds of damage of a structure of a
compartment. Such kinds of damages are structural
failures of a compartment, damage of partitions be-
tween compartments, failures in devices intented for
air flowing between compartments. Significant ef-
fect on people is rendered with different cases of de-
pressurization of compartments of an airplane in
connection with sudden opening of doors, hatches,
skin as the critical conditions of flow started. In
these cases the pilot feels maximum acoustic effect
of an airflow and at this time he is required to make
the decision on safety control of an airplane.
Therefore selection of parameters of devices on air
flowing between compartments(atmosphere) is
determined for each airplane individually and to
minimize effect of a flow on the pilot is one of the
important problems on safety provision for an airplane.

Conclusions

Thus, the mathematical model of the of air
flowing from a compartment is developed subject to

parameters of braking of feed and discharged air.
The mathematical model describes wider class of
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problems and describes with sufficient for practice
accuracy process of the air flowing from of a
compartment.

On the basis of mathematical model the numeri-
cal researches of processes of air flowing between
compartments are carried out. Essential influence on
a structure and people is provided the processes of
air flowing in the field of critical and overcritical
conditions. For these conditions of flow the dynamic
component a flow provides dominant influence on a
structure of a compartment and people.

The analysis of process of air flowing from com-
partments taking into account limitation of a flow
with respect to limit parameters of a flow allows
with the aid of numerical methods to define a prefer-
able structure of devices for air flowing between
compartments. Definition of effect of process of air
flowing from a compartment on people with respect
to limit pressure of a level of acoustical pressure es-
sentially simplifies a problem to be solved. Such
method of a problem solution reduces a noise level
in a source of its formation and does not consider the
ways of its propagation.

The carried out experimental and numerical re-
searches shows, that it is necessary to continue
works on study of processes inside compartments at
the point application of the energy, suddenly varying
parameters inside a compartment. To conduct re-
searches of influence of velocity vector and dynamic
component a flow on processes of air flowing from a
compartment.
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3abesneyeHHsA 6e3MeKn NobOTY 3 ypaxyBaHHAM NepeTikaHHA MNOBITPA MiXK BigCiKamu niTaka

Po3po6neHo mMaTteMaTUYHY MOAeNb BM3HAYEHHS NapaMeTpiB MOBITPSA BCepeanHi BIiACIKY NiTaka 3 ypaxy-
BaHHSAM NapameTpiB NiABifgHOro i BiABiAHOro nosiTps. MNpoBefeHO 3iCTaBMEHHA pe3yNbTaTiB PO3PaxyHKY i
eKCrepumeHTy. ByBYeHO MexaHi3M MnepeTikaHHA NOBITPS MiX BifcikaMu i BU3Ha4eHO OCHOBHI 3aKOHOMIp-
HOCTI BMAMBY NapameTpiB NOTOKY Ha KOHCTPYKLiO BifCiKY i Nofei.

B.A. JoHukK

O6ecneyeHvie 6e30MaCHOCTY MoJeTa C y4eTOM MepeTeKaHus BO3ayxXa MeX/y 0TCeKamm camoneTa
Paspa6oTaHa MaTemMaTM4ecKas MOAENb OMnpeaeneHns NnapaMeTpoB BO3AyXa BHYTPU OTCeKa camorneTa C

y4yeTOM NapamMeTpoB MOABOAVMOIO M OTBOAMMOrO BO3Ayxa. MpoBeeHO COMOCTaBeHVe Pe3yibTaToB pacye-
Ta W 9KCMepUMeHTa. M3ydyeH MexaHWU3M MepeTeKaHusi BO3gyxa Mexay OTCeKaMu W onpefeneHbl OCHOBHbIE
3aKOHOMEPHOCTU BUSIHWS NapaMeTPOB ABMKYLLEFOCS MOTOKA Ha KOHCTPYKLMIO OTCEKa W Nofei.



