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ZERO-DIMENSIONAL MODELLING OF PULSED JET
COMBUSTION IN A CONSTANT VOLUME CHAMBER

The zero-dimensional thermochemical model for the two-step combustion in the Pulsed Jet
Combustion (PJC) in a constant volume chamber is proposed. At first, a rich air-fuel mixture is
burned in the prechamber. The combustion products have equilibrium composition and thermo-
-chemical parameters calculated with the STANJAN code. Then, a high-speed turbulent plume of
combustion products is isentropically injected into the main chamber. The plume is composed of
multiple vortices of different sizes which provide multiple ignition sites. Composition and tem-
perature are assumed as uniform in each vortex while pressure is assumed as uniform in the
whole chamber. Combustion is sustained in the vortices due to mixing of the high-temperature
combustion products with the cold fresh air-fuel mixture. Vortices grow in size due to engulfing
new portions of fresh mixture and due to thermal expansion caused by chemical reaction of
one-step Arrhenius type. The combustion terminates when the entire mixture is burned or when
the rate of entrainment of cold mixture by the vortices is so high that the combustion cannot be
sustained. As an example, a combustion of stoichiometric methane-air mixture is considered in
the paper. The effects of velocity associated with the mass flow rate of entrainment of the fresh
mixture, number of vortices, heat loss, mass and velocity distribution on pressure history in the
chamber are presented in diagrams.

NOMENCLATURE

— area of a surface

~ universal gas constant

— specific heats at constant pressure and volume, k = cp/ c,
quantities defined in Eq. (7) and Eq. (16)

— vortex diameter

enthalpy, specific enthalpy

— Arrhenius constant
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— mean beam length for thermal radiation
— mass, m; = m; + mg ~ total mass of gas in the main chamber
molecular mass

— polytropic exponent

— number of moles

number of vortices

number of species

— pressure

— heat loss

— individual gas constant

— temperature

the mean velocity of entrainment

— volume

— mass fraction

— molar fraction

— heat transfer coefficient

—~ vortex emissivity

— excess air factor

— density

— extinction coefficient
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SUBSCRIPTS

— number of the vortex
— type of the species
unburnt mixture

~ prechamber

— burnt mixture
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SUPERSCRIPT

o — initial value

INTRODUCTION

The concept of Pulsed Jet Combustion (PJC), proposed by Oppenheim [1,2] for
implementation in the design of internal combustion engines, refines the open
chamber — direct injection — stratified charge concept. The concept is based on
an assumption that the combustion process starts in a prechamber and is fol-
lowed by efflux of hot combustion products through an orifice into the cylinder
head space. Due to shear stresses encountered at the exit from the orifice the
high-speed jet of the combustion products forms a turbulent plume. The plume
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consists of many vortex nodules, distinguished by their recirculation pattern.
The vortices, due to high temperature, provide a multiple ignition sites. They
behave as whirpools and continuously entrain fresh, unburned mixture from the
surrounding. The stream of fresh gas when mixed with the hot combustibles
allows the combustion process to be sustained in the vortices. The process of
mixing of the fresh mixture with gas in the vortices proceeds very quickly due
to high turbulence of gas in the vortices and due to specific vortex structure
[1]. The vortices act then, in effect, as well-stirred reactor systems. Therefore,
the combustion process begins to proceed in many sites instead of propagating
in the mode of a turbulent diffusion flame.

In the PJC concept the process may thus be divided in two steps:
 the combustion in the prechamber providing a high-speed turbulent jet of

combustion products rich in active radicals,
 formation of vortices followed by reignition and combustion inside them.

Preliminary experimental studies indicate that the PJC concept is particular-
ly suited for the execution of the combustion process in engines burning lean
mixtures [1,3]. It is capable to initiate and execute the exothermic process of
combustion at values of the equivalence ratio far below LML (Low Misfire
Limit). Moreover, a little higher maximum pressures attained in shorter time
were observed in the combustion chamber during realization of the process.
A preliminary approach to 3-D modelling of pulsed jet injection was presented
in [4].

The paper describes an idealized, zero-dimensional thermochemical model
for the two-step combustion in the PJC system. At first the simplifying assum-
ptions are discussed followed by the derivation of governing equations. Then,
an example of combustion of methane-air is given which allows to study some
features of the model as well as to estimate influence of selected parameters on
the combustion process.

1. MATHEMATICAL MODEL OF PJC COMBUSTION

1.1. Assumptions

It is assumed that the combustion system consists of the main constant-volume
chamber of volume ¥ and the prechamber of the volume V. Before ignition,
the former one is ﬁlled with the homogeneous fuel-air mlxture with specified
mass fractions x,, of constituents, while the latter one is filled with homoge-
neous mixture of different composition with molar fractions y - Initial temper-
ature and pressure in the system are T" = T and p°.

After ignition of the mixture in the prechamber a turbulent plume is formed
in the main chamber by the jet of combustion products. The turbulent plume is
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composed of a number NC of vortices which in general may have a certain
mass distribution and thus different sizes. The selected j -th vortex of mass m,
is assumed to be spherical with diameter d,, to have uniform temperature T,
and uniform composition given by molar fraction y,.. The vortices engulf the
cold fuel-air mixture with the mass rate dm, /dt and heat it up by mixing with
the high-temperature combustion products. The combustion process in the vort-
ices is thus reinstated and speeded up and generates heat to warm up new port-
ions of the cold mixture. During the process the vortices grow in size both by
entraining the cold mixture and by thermal expansion caused by chemical reac-
tion proceeding inside them. The remaining fresh mixture in the main chamber
is compressed during the process of combustion that goes on in the vortices.
The combustion process comes to an end when either the entire fuel-air mix-
ture is burned or when combustion is supressed in the vortices.

Additional assumptions are adopted to supplement the previous ones:

« in prechamber gas is burned adiabatically under constant volume conditions,

« combustion products in the prechamber have a thermodynamical equilibrium
composition,

+ expansion of combustion products from the prechamber into the main cham-
ber is isentropic;

« vortices, once appeared, do not disappear or multiply,

+ only fresh mixture is entrained by each vortex,

 mixing and reacting of fresh mixture with combustion products in any vor-
tex proceed simultaneously,

 chemical reaction inside vortices is a one-step Arrhenius type,

+ any interaction between vortices is absent;

« the cold mixture is compressed isentropically when pressure is varying in
the main chamber,
« no chemical reaction occurs in the cold mixture;

« fuel-air mixture and combustion products obey the ideal gas laws,
+ specific heat of each species is only temperature dependent,
» pressure is uniform throughout the system.

1.2. GOVERNING EQUATIONS

[. INJECTION OF THE HOT GAS FROM THE PRECHAMBER INTO
THE MAIN CHAMBER

The fuel-air mixture of known composition characterized by air excess ratio
A, and of known m, is burned in the prechamber under constant volume, con-
stant internal energy conditions. The final equilibrium composition y,, ok tem-
perature Tp", pressure p, and mean molar mass M, are calculated by using the
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STANJAN code [5]. The combustion products are then injected into the main
chamber in the form of a plume and expand isentropically to the volume V°
according to the formula

W= vl(min)"-1]

where x is the ratio of specific heats at constant pressure ¢, and volume c,,
respectively. The initial density p], mass m;, temperature 7,/ and number of
moles N of the injected gas in the main chamber can be obtained from the
formulae

o = myl (1)
me = Ve

Ny =m|IM,

T? = p,M,/(p?B)

The plume of hot gas of mass m is broken into a number of NC vortices.
The j-th vortex has initial mass m;’j, diameter d?, volume Vx]”, temperature
T; = T?, composition described by molar fraction );‘;q. = yp‘; and contains N

number of moles.

1.2.2. RATE OF CHANGE OF MASS OF j-th VORTEX

Each vortex, due to exothermic reaction, expands pushing out the boundary of

the turbulent jet plume in which it resides. The unburnt mixture of the surround-

ing is then forced to penetrate into the vortex. The rate of change of mass of

J-th vortex, caused by the entrainment of the fresh mixture, can be expressed as
dm_,

ey

dtxj = Ayt 0,

where: A . — external surface of the spherical vortex, ij = -n:dj"’,
p, — density of the fresh mixture, p, = pM_ /BT,
u; — the mean velocity of flow of the fresh mixture into the vortex
(velocity of entrainment).
The mean velocity of entrainment can vary during the process of combus-
tion in the main chamber. It was assumed in the form

= 2
Uy = A, ()

where u? is the constant upper limit to the mean velocity of entraiment and the
coefficient x, is introduced to account for the change of the mean velocity due
to the change of vortex rotation and a process of engulfing of burned gas from
neighbouring vortices.
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1.2.3. RATE OF CHANGE OF VOLUME AND TEMPERATURE OF j-th
VORTEX AND PRESSURE IN THE CHAMBER

In order to derive expressions for pressure in the chamber, the energy equation
for j-th vortex (in formulation using enthalpy) was used

dH, _3Qy , y, dp Iy 3)
dt dt  Ydr ° dt
The enthalpy of j-th vortex H,; can be expressed as

E xkl (ij ) @

and the specific enthalpy of the fresh mixture being entrained by the vortex as

NS
ho = ,;1 xokhk(j;)

where NS is the number of different species involved in the process.
The specific enthalpy of k-th species is temperature dependent and was cal-
culated from formula

T
m(T) = hZ + [c (T)dT
298
where /2% is the standard enthalpy of formation and c,, is the specific heat of
k-th species that was obtained from formulae of the type

C

_ 2 2 3
ok = G Ay T+ ay [T +a, T  +a,, T

where constants a,, for each species were taken from [6].
Formula (4) was then introduced into the energy equation, Eq.(3), and the
differential form of the ideal gas law for j-th vortex

dT_. d av, dN_,
—H |y 2P, BN \- T, —2 )
di ("’dt Evm )/( o)~ Tygg 1Ny

utilized to eliminate dT, il dt and to obtain expression for the rate of change of
volume of j-th vortex

av, |do, dm dy,,
G g 5 ) B
* (M Ty) = ol T) Ty Vi, dt 7+

/c

i
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where

NS
G, =0 5 M1 )15 g

Heat loss from each vortex is assumed to occur both by radiation and con-
vection. Thermal radiation loss is mainly due to high content of carbon dioxide
and water vapour in the products of combustion. Convection loss is a result of
partial contact of a vortex with the wall of the chamber. Heat loss is thus cal-
culated from the following expression

dQ..
_ %y 4 _ 4 _ 8
- Aol T ) hA, 0T, - T,) ®)
where: ¢ — black body constant,

T, — wall temperature of the combustion chamber,
A, — wall surface,

@, - heat transfer coefficient,

g; — emissivity of the vortex, ¢; = 1 - exp[—oe(ij)Lj],

a; — absorptivity of the vortex, a; = 1 - exp[—oe(Tw)Lj},

o, - radiation extinction coefficient,

L; — mean beam length for thermal radiation, L, =36V;/A,.

Coefficient x; accounts for the partial contact of the vortex with the wall of the
combustion chamber.

1.2.4. RATE OF CHANGE OF TEMPERATURE AND VOLUME OF THE
UNBURNT GAS IN THE COMBUSTION CHAMBER

The rate of change of volume of the unburnt mixture d¥ can be derived inde-
pendently by considering differential form of the ideal gas equation for the
unburnt mixture and eliminating the rate of change of temperature T, by the
expression

e - 1)1, 92 (np) ©)

dt

derived from the differentiation of equation for polytropic process. This leads
to the following formula

av, RT, g dm; m,R,T, qp
dt p j-1 dt np? dt

The polytropic exponent n is calculated from the formula

(10)
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K
n =
L+ @, X, A4, (T, - T,)p (11)
m,c,, T dp/dt

and was derived by matching heat loss rate for the polytropic process

a9, _ (n-x) 47, (12)

m ¢
" (n-1) dt

with the heat flowing to the wall of the chamber

dQ
dt" = a,%,4,(T,-T,) (13)
In the above expressions x stands for the isotropic exponent, ¢, is the specific
NC
heat of the unburnt gas at constant volume and x, = 1 - E X;-
j=1

1.2.5. RATE OF CHANGE OF PRESSURE IN THE CHAMBER

As total volume of the chamber is constant, then the following relation is valid

dv. NC dv.
I o S R (14)
dt E dt

j=1

Substitution of Eqs (6) and (10) into the above relation allowed to obtain the
final equation for the rate of change of pressure in the system

dp ) NC NS dmx. NS d&k'
71—; - ]; (RoTo /p —; xokhk(To) dtJ +I§ Mk ijhk(ij) dt] +
dN,| do,
' (hk(ij)—Cpk(ij)ij) g |~ g |/ G |/ D (15

where

NC NS
D=(n-1)mR,T,[(xp?)-Y (E Mkyxkjcpk(rxj)/B—l]ij/cj (16)
j=1\k=1

and m,, R, are the mass and the gas constants of the unburnt mixture, respec-
tively.

Inspection of Eq. (15) leads to the conclusion that the rate of change of
pressure is dependent not only on the change in mass of the vortex but also
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upon the variation of its composition and the total number of moles contained
in each vortex. These two latter factors depend on the number of species in-
volved in the process and on chemical reactions between the species and thus
need further specification.

2. EXAMPLE: COMBUSTION OF A STOICHIOMETRIC METHANE-
-AIR MIXTURE

As an example, combustion of a stoichiometric (A, = 1) air-hydrocarbon mixt-
ure was considered. It was assumed that five species: fuel C, H, — (1), oxygen
— (2), nitrogen — (3), carbon dioxide — (4) and water vapour — (5) are present
in the system. Only one bulk kinetic reaction for combustion of hydrocarbon to
CO, and H,O was assumed

dy,;
dt

= "kA(P’ij) NIV yxljyx12§2 a7

The rate constant for this equation was assumed in the form proposed by
Edelman [7,8]

k, = 6:10°y T,;(0.9869-107°p)** exp (- 12200/ T, ) (18)

with y = 80 chosen for the stirred flow.

Equations for the rate of change of molar fractions of these species were
obtained from balances of mass of fuel and elements such as O,, N,, C and H,
in each vortex. These balances took into account both feeding from neighbo-
urhood of the vortex and disappearance of fuel due to chemical reaction. In the
final form these equations can be presented as

Yoy dm,, 0. 19
dr g /ij+bkjkAXcle:2j (19
dN_; dm
g N ANl Y KN 20

where
@ = Xl My = YAy

by = (€~ YugA2) Y Nyl Vg »

,=-1, e =-(m[4+n), e =0,
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e, =n e =mf2,

A

5
l_kzlxok/M’

A, =(m/4-1)
where m =4 and n =1 for methane and M, is the molar mass of each species.
The set of differential nonlinear equations (1), (5), (6), (9), (15), (19) and

(20) was solved using the standard Runge-Kutta method. In the example the
following values of additional parameters were assumed:

— in the prechamber:
¥ =2-10°m’, T?=65°C, p°=0.MPa
excess air factor Ap =038
— in the main chamber:
V= 251.3-107% m?, T’ =65°C, p°=0.1MPa
excess air factor A =1

o
The extinction coefficient, appearing in expressions for vortex emissivity

and absorptivity was calculated from the formula [9]
0.78 + 1.6y,
(P/10°) (34 +5) L

The heat transfer coefficient, both for vortices and the unburnt gas, was ob-
tained from Van Tyen expression [7]

0,(T) = (p/10°) (3, +,5)(1 - 3.7-10°T)

o = 5.41-107(3.22 +0.864u°) [ (p 1052 T]'"°

in which u° for the unburnt mixture was taken to be the mean of u;’. The
formula

xj = mylm,
NC
where m, = m_ + E m,;, was assumed in most calculations. Their results are
j=1
presented in Fig.1-6 for absence of heat loss to the wall of the combustion
chamber and in Fig.7 for presence and absence of heat loss.

CONCLUSIONS

A zero-dimensional thermochemical model of PJC system has been proposed
that gives a realistic estimate of time for pressure rise (several ms). The model
yields the rate of pressure rise depending on many factors related to the type of
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fuel, parameters of fuel combustion in the prechamber, parameters describing
the turbulent jet plume injected into the main chamber and parameters of fuel
combustion in the main chamber. Other quantities such as the rate of tempera-
ture rise in the vortices and the unburnt mixture, as well as a variation in the
composition of each vortex can be easily calculated.

MPa

pressure,

0 L U L L B A0 0 B e 4

0 5 10 15 20 25 30 35 40 45 50

time, ms

Fig. 1. Pressure versus time for low values of entrainment velocity u = %,%° (number of vor-
tices NC =1, y, = (mt—mx)/mt)

h u%=10 m/s
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0.6 4
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o 0.4+
@
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Fig. 2. Pressure versus time for high values of entrainment velocity u = X% ° (number of vor-
tices NC =1, %, = (m,—mx)/m‘)
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The form of pressure versus time function greatly depends on the entrainment
velocity (velocity of flow of the fresh air-fuel mixture into each vortex) —
Figs.1,2. If the velocity is doubled, then the time of the process is approximate-
ly decreased twofold. It has been found that there exists a critical velocity u:j
(approximately equal to « ;‘J. = 22.5 m/s in the presented example) such that for
u,; > u,; combustion is not sustained in a vortex (due to prevailing cooling
efflect).
Variation of the entrainment velocity u(t) = y(t)u, with time is also of
great importance and can change pressure versus time behaviour of the system
significantly. In Fig.3 three forms of function y(t) have been used. The value
of x = 1 gives the most rapid increase of pressure in the system while the

expression x = (m;’jd]f’)/(mxl.dj), derived from equation of conservation of

angular momentum of the vortex, gives the slowest increase.

v=u’= const

(m, -mx)/m,u": flt)

pressure, MPa

<
n

(myd}/m, d,)u’®

time, ms

Fig. 3. Pressure versus time for different time variation of entrainment velocity u (number of
vortices NC = 1)

Increase of number of vortices in the plume formed in the main chamber
after injection of the hot, turbulent jet increases the rate of pressure rise in the
system — Fig.4. This seems to be due to the increased external surface of the
total number of vortices and its influence is similar to the increase in the veloc-
ity of entrainment.

Mass m,; and velocity u; distributions for vortices may play an important
role in pressure versus time response of the system — Figs.5,6. Mass distribu-
tion of vortices seems to have greater influence on the pressure rise in the sys-
tem than velocity distribution.
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pressure , MPa

time, ms

Fig. 4. Pressure versus time for different number of vortices NC (u =y u°, %, = (m, - mx) /m,,
u® =1 m/s)

0.6

o
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pressure, MPa

0.2 —

time, ms

Fig. 5. Pressure versus time for different mass distributions m,; of vortices and distributions of

entrainment velocity u = x u°, x, = (m, —mx)/mt; number of vortices NC = 8: 1 — uniform

distribution of m,; and #°, u° = 1 m/s; 2 — uniform distribution of m,_, linear increase of u°

from 0.5 to 2 m/s; 3 — linear decrease of m, and uniform distribution of #°, u° = 1 m/s;

4 — linear decrease of m » and linear increase of u° from 0.5 to 2 m/s; 5 —~ linear decrease
of m ; and linear decrease of u° from 2 to 0.5 m/s
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pressure, MPa

0 T T T

0 3 6 9 12 15

time, ms

Fig. 6. Pressure versus time for a certain mass distribution m,; of vortices (number of vortices

of definite mass varying in a triangular way with mxj) and different distributions of entrainment

velocity u = x,u°, x, = (mt —mx)/m,; number of vortices NC = 9: 1 — uniform distribution

of u®, u° = 1 m/fs; 2 — linear increase of u° from 0.5 to 2 m/s with vortex mass; 3 — linear

decrease of u® from 2 to 0.5 with vortex mass; 4 — velocity u° varying in a triangular way with
vortex mass

1.0
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Fig. 7. Pressure versus time for presence (1) and absence (2) of heat loss (NC = 8, u = y u°,
X, = (mt—mx)/m,, u’ = 0.5 m/fs
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Heat loss to the wall of the combustion chamber significantly modifies pres-
sure versus time diagram of the system, Fig.7, and makes it to resemble the
experimental results [1]. Heat loss causes a certain decrease in the maximum
pressure in the chamber, but its greatest influence on pressure fall occurs when
the rate of heat release, due to combustion process in vortices, is decreasing.

The paper may be treated as a preliminary study of the model. Further im-
provement of the model that would account for vortex interaction with each
other are required for better representing realistic conditions.
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ZEROWYMIAROWY MODEL SPALANIA TYPU PJC
W KOMORZE O STALEJ OBJETOSCI

Streszczenie

Zaproponowano zerowymiarowy, termochemiczny model dwustopniowego spalania typu PJC
(Pulsed Jet Combustion) w komorze o statej objetoéci. W poczatkowym stadium bogata miesza-
nka paliwowo-powietrzna jest spalana we wstepnej komorze spalania. Produkty spalania maja
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sktad réwnowagowy o parametrach termochemicznych wyznaczonych za pomoca programu
STANJAN. W drugim stadium procesu silnie turbulentna struga produktéw spalania zostaje
izentropowo wtry$nigta do gléwnej komory spalania, gdzie, na skutek aerodynamicznego oddzia-
fywania ze $§wiezym tadunkiem, ulega rozbiciu na wiele (rézniacych si¢ wielkoscia) wiréw,
ktére stanowia miejsca zaptonu i spalania kolejnych porcji §wiezej mieszanki. Zatozono jednoro-
dno$¢ koncentracji reagentéw i temperatury w kazdym z wir6w. Przyjeto, Ze ci$nienie jest stale
w calej objetosci komory spalania. Spalanie jest podtrzymywane wewnatrz wiréw na skutek
mieszania wysokotemperaturowych produktéw spalania z zimna mieszanka paliwowo-powietrz-
ng. Wymiary wirdw rosna na skutek doptywu z zewnatrz §wiezych porcji mieszanki oraz na
skutek termicznego rozszerzania si¢ spowodowanego chemiczna reakcja pierwszego stopnia
zachodzaca wewnatrz wiréw. Proces spalania w komorze zostaje zakoriczony, gdy cata mieszan-
ka zostanie spalona lub gdy doplyw mieszanki do wiréw jest na tyle intensywny, ze spalanie nie
moze byé podtrzymane. Jako przyklad rozwazono proces spalania stechiometrycznej mieszanki
powietrze-metan. Na wykresach przedstawiono zmiang ci$nienia w komorze spalania w funkcji
czasu dla wielu czynnikéw, takich jak: liczba wiréw, predko$¢ zasysania §wiezej mieszanki
przez wiry, straty ciepta do otoczenia, rozklady masowe wiréw oraz predkosci zasysania $wiezej
mieszanki.

HYJIBPASMEPHASI MOJIEJIb CKUTAHUWS THUIIA PJC
B KAMEPE UMEIOIMEX IIOCTUSTHHBIAA OBFBEM

KpaTkoe comepxaHHe

B paGoTe mpemioXeHAa HYIbPa3MepHAs, TEPMOXHMHYECKAS MOJENEL JTBYXCTYIEHYATO-
ro cxuranusa tana PJC (Pulsed Jet Combustion) B KaMepe EMEIOINER TOCTOSHHEIR 06beM. B
HAYaJBHOW CTAu@Hd GoraTast TOIUIMBHO-BO3AYINHAS CMECTh CXHIAeTCI B aBaHKAMEPE
cxuranus. [IpOAyKTEl CrOopaHHMS WMEIOT DAaBHOBECHBI COCTAB C TEPMOXHMHUYECKHMHE
napaMeTpaMH, ONlepeJleHHBIMA ¢ oMol nporpaMa STANJAN. Bo BTopoit craguum mpome-
cCa CHNBHO TYpOYIM3UpPOBAHHAS CTPYSA NPOAYKTOB CrOPaHHA H3EHTPOIHYENKO BIpEIC-
KUB3eTCS B TIABHYI0 KaMepy CXUWTaHUs, THe — B pe3yilbTaTe a3pOIUHAMHYECKOTO
BO3IEWCTBUS CO CBEXXHM 3apSAOM — IIOJIBEPraeTcs pacmany Ha MHOrO (OTIMYAIOIIAXCS
BETWYWHOMN) BHXpEH, KOTOpEHIE SBISIOTCE MECTOM BOCILIAMEHEHHS H TEMIIEPaTyphl B
KaXxJgoM u3 suxpeir. [IpuAATO, YTO JaBIeHAE IIOCTOSHHO BO BCeM OGHLEMe KaMephl CXKHIa-
Hust. CropaHue NOANEPXUWBAETCSI BHYTPH BHUXpe B De3ylbTaTé CMEIOWBAaHHWA BBICOKO-
TEMIIEPATYPHBIX MPOAYKTOB CrOpPaHHs C XOJOAHOM TOILIMBOBO3IYINHOM cMechio. Pasme-
Pbl BUXPDEH YBEIWYHMBAIOTCS B pe3yibTaTe MPHUTOKA W3BHE CBEXHX O3 CMECH, 4 TAKXKe
B pe3ynbpTaTe TEPMUYECKOTO DACHIMPEHMs, BBI3BAHHOIO XWMHMYECKON pPEakIuer IepBOH
CTeNeHHd, IPOUCXONsAmer BHYyTpr Buxped. IIponecc cronsHus B KaMepe 3aKaHYMBAETCH,
KOTTIA BCSI CMECh YK€ COXXKEHA WM KOrjia IPHTOK CMECH B BHXPH HACTOJLKO HHTEHCH-
BHBIM, YTO CTOPAHWE HE MOXET IOINNEPXKWMBATHCH. I IpHMEpa IPEICTaBIEH Ipollecc
CrpaHUs CTEXHOMETPHMYECKOHM CMeCH BO3UyX-MeTaH. Ha pmHarpaMMax TpeOCTaBIeHO
W3MeHEeHUE JIaBI€HUS B KaMepe CXKUraHufg B GHYHKIAM BPEMEHH NI MHOTAX (aKTOpOB,
TaKMX KaK. YACIO BUXIEHW, CKOPOCTb 3aCACHIBAHHS CBEXeH CMECH BHXPaMH, NOTEPS
Tenia B OKPYXAMOWIYIO CITEy, MAcCOBAas DA3HOCKA BHXPEH H CKODOCTb 3aCaChIBAHHSI
CBEXEH CMECH.



