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Abstract—Mass transfer coefficients and film cooling effectiveness are measured downstream of a single
row of holes (recovery region) inclined 30° with the surface and inline with the main turbulent boundary
layer flow. The mass transfer coefficients are measured using a naphthalene sublimation technique. The
effectiveness is determined through the injection of a trace gas into the secondary flow and measuring its
concentration at the impermeable wall. Experiments are carried out in a subsonic, zero pressure gradient
turbulent boundary layer, under isothermal conditions with three blowing ratios (U;/U,): 0.4, 0.8, and
1.2. The data is collected in a region 7-80 jet diameters downstream of the injection location. From the
data on mass transfer coefficients and effectiveness obtained under the same flow conditions a general
mass transfer equation is derived. This paper presents extensive data and discussions; and is believed to
be one of the few studies in which both of these variables are measured on the same surface and in a large
area in the recovery region.

INTRODUCTION

GAS TURBINE blades have been shown to corrode due
to the condensation of sulfides on the cooled blade
surface [1]. These sulfides are formed when the sulfur
in the fuel reacts with salts (e.g. NaCl) which are
in the intake air, at the high temperatures of the
combustion gases [2-5]. Due to the cooling (either
internal or external) of the blades it is possible for the
surface temperature to fall below the dew point of the
sulfide vapor which then condenses on the blade
surface. Film cooling is one of the methods used to
cool turbine blades. There has been much experimen-
tal and analytical research in this field. Some examples
are given in refs. [6-9].

The deposition of vapors on the blade surface is
also a function of the mass transfer coefficient, as well
as the temperature of the surface and the dew point
of the vapor. The general aim of this experimental
study is to determine the effects of injection on mass
transfer. It is argued that (similar to film cooling)
injection will decrease the mass transfer, thereby
reduce the deposition rate and thickness on the
surfaces resuiting in decreased corrosion.

This paper presents measured mass transfer
coefficients and effectiveness of a single row of holes
(inclined 30° with the surface and inline with the main

tPresented at the International Gas Turbine Conference
and Exhibit, Dusseldorf, West Germany, 8-12 June 1986.
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flow direction) in a zero pressure gradient flat plate
turbulent boundary layer. There have been a few
studies where both of these quantities were measured
under the same flow conditions. In order to be able
to calculate the mass (or heat) transfer to a film cooled
surface, both of these quantities are necessary. Eriksen
and Goldstein [10] and Liess [11] have reported
results of similar measurements. The data collected
will be compared with results of these studies.

STANTON NUMBER AND EFFECTIVENESS

The heat transfer film cooling effectiveness is given
by [6]

T;w — Tuo
n = T-T, 0

where T, is the adiabatic wall temperature, T; is the
temperature at the jet exit, and T, is the temperature
of the free stream.

In a similar manner a mass transfer effectiveness
can be defined in terms of the mass fractions, which
reduces to the following form if the total density is
constant {6]

Piw — P
——= 2
P; — P
where p is the density. According to the analogy

between heat and mass transfer the two effectivenesses
are equivalent if the Schmidt number is one [6].

n, =
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NOMENCLATURE
C arbitrary constant x  distance from jet exit
D diameter of jet x’  distance from boundary layer trip.
E distance from virtual origin to naphtha-
lene surface Greek symbols
H boundary layer shape factor o  angle between jet and surface
h mass transfer coefficient 0, displacement thickness
M blowing ratio d, momentum thickness
" mass transfer rate n  effectiveness
P distance between jets (pitch) p  density.
Pr Prandt] number
P.q constants in equation (10) Subscripts
Re Reynolds number aw adiabatic wall
Sc Schmidt number iw  impermeable wall
St Stanton number 3 jet
T temperature m  mass transfer
U velocity t heat transfer
u*,y" boundary layer wall coordinates oo free stream.
x,y,z boundary layer coordinates

The effectiveness may be expressed as a function of
the following parameters [12]

Nm = Nm(Re, M, P/D, Sc, a). (3)

If the Reynolds number and geometry (P/D, a) of the
flow are held constant they may be removed from
this expression. Pedersen et al. [13] experimentally
found that the Schmidt number has no effect on the
effectiveness if the density ratio of the injected and
the free stream gases was near one. Thus under these
conditions, the effectiveness will be a function of the
blowing ratio only. The effectiveness for a film cooled
surface has been measured by placing a trace gas into
the injected gas stream. Some examples of these
studies are given by Andrews et al. [14], Goldstein et
al. [15], Foster and Lampard [16] and others.

A mass transfer coefficient h,, for a film cooled
surface is defined as

m= hm(pw - piw) (4)

where i is the mass transfer per unit area, p,, is the
density at the wall and, p,, is the density at an
impermeable wall with the same free stream con-
ditions. This mass transfer coefficient is not a function
of densities, but only a function of the flow field [6].
Combining equations (2) and (4) while eliminating p,,,
gives

m = hm[(pw - pcn) - 'I(PJ - pm)] (5)
Once h,, and n,, are known for a given flow field, the
mass transfer can be calculated from equation (5),
A mass transfer Stanton number is defined as
St = 75 ©

where U is the free stream velocity, the Stanton

number is a function of the same variables that are
shown in equation (3). Under the restrictions of
constant geometry, Reynolds number and blowing
ratio

St, = CS¢" )

where C is a constant and » has a value of 0.4 [17].
In the final goal of this experimental project {effect of
injection on vapor condensation) equation (5) will be
used to calculate the mass transfer of water vapor to
the wall. Condensation of water vapor will be used
to model condensation of sodium sulfate on a film
cooled turbine blade. Since the vapor has a Schmidt
number different from either naphthalene or CO,,
equation (7) will be used to correct the Schmidt
number effects.

EXPERIMENTAL APPARATUS AND
METHODOLOGY

The experiments were performed in an open circuit
subsonic wind tunnel with a free stream turbulence
level of 0.3%. The boundary layer was fully turbulent
and had a zero pressure gradient. All measurements
were made under isothermal ambient conditions. A
sketch of the wind tunnel and injection section is
shown in Fig. 1. Detailed information on the exper-
imental apparatus can be found in ref. [18]. The test
section is 3.05m long and 45.72 x 30.48cm in cross
section. The wind tunnel has an adjustable ceiling
which allows for different pressure gradients to be set.
It is made up of 16 sections of 15.24 cm wide plexiglas.
The sections form an air tight surface, and each
section could be adjusted independently.



Measurements of mass transfer coefficient and effectiveness in the recovery region of a film-cooled surface

783

F1G. 1. Sketch of subsonic wind tunnel and injection section.

The injection section is located 1 m downstream
from the nozzle exit. A boundary layer trip made of
sandpaper 2cm wide is located at the exit of the
nozzle. The jets are aligned with the flow and are 30°
with the horizontal. The exit section is stainless steel
tubing with an inner diameter of 1.021 cm. The tubes
pass through a stainless steel plate with a pitch-to-
diameter ratio of 3.0. The tubes are 59 diameters long
to ensure fully developed turbulent flow at the exit.
The injection gas is building compressed air at
400kPa. A trace gas (used in the measurement of
the effectiveness) can be introduced into a mixing
chamber. At the exit of the mixing chamber eight
polyethylene tubes (0.953cm o.d.) were connected to
carry the air and trace gas to the injection jets. Each
tube has a valve and flowmeter allowing the flow in
each to be adjusted. The flow to the injection system
is monitored by a calibrated rotometer and controlled
by a single upstream metering valve.

Measurement of the mass transfer effectiveness

A trace gas (carbon dioxide) was injected into the
secondary flow upstream in the manifold. A probe
was constructed using two stainless steel capillary
tubes soldered side by side. One of the tubes was used
as a total pressure probe while the other as a sampling
probe. The sampling tube was connected to a vial,
which was then attached through a needle valve to a
vacuum pump. The vacuum was increased until the
pressure reading changed. The vacuum was then
reduced slightly. This was done to ensure that the

flow was not altered by the suction. The density
gradient (first derivative with respect to y) at the wall
is zero since the wall is impermeable. The boundary
layer species transport equation evaluated at the wall
requires the second derivative also to be zero. A third-
order polynomial, which is the simplest curve that
satisfies these conditions, is

p(y) = a + by>. ®)

Samples were taken at four locations above the
wall. The first was as close to the wail as possible
(0.127 mm), while the next three were at intervals of
0.07, 0.15, and 0.30 mm. Using the four data points,
the values of a and b were determined using the
method of least squares. The polynomial was then
evaluated at the wall to determine p,,, which was the
value of ‘a’. This method of measurement was chosen
since the authors believe that it gives more reliable
results than the alternative technique of measuring
wall concentration through holes drilled at the wall.
In this case, extraction of the sample introduces
a normal velocity component at the wall, altering
concentration distribution and rendering the wall no
longer impermeable.

The concentration of the trace gas was measured
using a Hewlett—Packard Model 700 Gas Chromato-
graph, which had a thermal conductivity detector. The
concentration of CO, in the jets was approximately 25
times its ambient concentration of 314 p.p.m. In order
to detect concentrations this low it was necessary
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to amplify the signal. An Ectron Model 750 DL
Differential Amplifier was used. It had a gain of 1000
and a 1 Hz, three pole Bessell filter. The density ratio
between the jet and free stream was 1.015.

Measurement of the mass transfer coefficient

The mass transfer was measured using a naphtha-
lene sublimation technique described in ref. [19]. A
portion of the flat plate downstream of the injection
section was replaced with naphthalene. A test section
was constructed with a slot 6.35cm wide and 76.2 cm
long. This slot allowed a frame to be easily inserted
and removed. The slot began 5.6 cm downstream from
the centerline of the injection ports. The centerline of
the frame was along the centerline of the wind tunnel.
The frame consisted of four side walls, the top of
which, along with the naphthalene formed a surface
which filled the slot in the floor of the wind tunnel,
resulting in an exposed napthalene surface 5.08cm
wide and 74.93c¢m long.

The local height of the naphthalene surface was
measured on the bed of a milling machine. The bed
could be moved in the x- and z-direction and each
was controlled by a lead screw with a dial marked in
0.0254 mm increments. The frame was mounted on
the bed with two strong springs, which allowed it to
be replaced in approximately the same location. The
coordinates of 24 points on the surface of the frame
were measured. A plane was fitted to these points
using the method of least squares. This plane was
then used as a reference for measuring the height of
the naphthalene surface exposed to the flow field.

A total of 371 points on the naphthalene surface
were measured. The data points were grouped more
densely near the upstream end of the naphthalene. At
each downstream location, 14 transverse measure-
ments were obtained at 0.254cm intervals. The first
six rows in the downstream direction were spaced at
0.254 cm starting 6.18 cm downstream of the jets. The
next eight rows were spaced at 0.635cm intervals,
followed by six rows at 1.27 cm intervals, followed by
three rows at 2.54 cm intervals, followed by four rows
at 5.08 cm intervals and the last four rows at 10.16 cm
intervals. The last 12 rows had only 7 rather than 14
points across. The naphthalene surface was exposed
to the flow field for 1h. After exposure, the surface
measurement procedure was repeated. The change in
the height of the naphthalene surface was the total
mass transfer.

The density of naphthalene at the wall was deter-
mined from the ideal gas equation of state. The partial
pressure was calculated from an integrated form of
the Clausius—Clapeyron equation. For naphthalene

In(P,) = 34.26 — 8587.4/T ©)

where the pressure is in kPa and T'is in Kelvin [20].
With the density of naphthalene in the free stream
and jet being equal to zero, and the measured mass
transfer, the mass transfer coefficient can be calculated
from equation (5). The wind tunnel was not exhausted
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outside the building. However, the room has a volume
of over 500m? and all doors and windows were open
for the duration of the tests. The room temperature
variation was less than 1°C during the duration of
the tests. The total mass of naphthalene sublimated
during the entire test divided by the volume of the
rooms yields a p three orders of magnitude less than
p.- This allowed p to be assumed as zero.

RESULTS AND DISCUSSION

Wind tunnel qualification

All experiments were conducted with a free stream
velocity of 21.0ms™!. Before the measurements of
mass transfer and effectiveness, the wind tunnel quali-
fication tests were made. This consisted of three parts.
First the flow was shown to be two-dimensional.
Second, the boundary layer profiles were shown to
agree with non-dimensional turbulent boundary layer
profiles presented in the literature. Third, the flow
downstream of the injection was found to be periodic
in the transverse direction, indicating correct adjust-
ment of the individual flow rates in each jet.

Velocity profiles with no injection were measured
with a total pressure probe. The static pressure was
measured with taps mounted flush to the tunnel walls.
Three velocity profiles were obtained at each of
five streamwise measuring locations spaced at 20 cm
intervals, starting at the nozzle exit. The three profiles
at each downstream location were approximately
25% of the tunnel width apart in the transverse
direction. When three profiles were plotted on the
same graph they were seen to coincide within 2.1%.
The shape factors (H = 4,/8,) were calculated and
were seen to be within 1.5% of the values predicted
theoretically (using the one-seventh power law
assumptions). The virtual origin was calculated and
seen to be 7.25cm before the boundary layer trip
[18]. These results show the boundary layer to be
two-dimensional and fully turbulent.

Several traverses were made at the exit of the jets
without the main flow to check the uniformity of the
flow through each jet. The traverses were made
through the centerline of the jets 3.0cm downstream
and 1.5cm above the surface. The velocity in the jets
had three values 14.2, 17.8 and 26.12ms~! which
correspond to the jet velocities for blowing ratios of
0.4, 0.8, and 1.2. The maximum variation from the
mean was less than 4.6%, indicating correct adjust-
ment of the control value for each jet.

Mass transfer effectiveness

As a preliminary to the measurement of the effec-
tiveness, several profiles of the density of CO, was
measured through the boundary layer. Figure 2 shows
the density (normalized in the same manner as the
effectiveness) as a function of the distance from the
wall. The data in Fig. 2 were obtained ten diameters
downstream and along the centerline of the jet. At
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FIG. 3. Streamwise variation of effectiveness at three stream-
wise locations for different blowing ratios.

the blowing ratio of 0.4 the jet efluent remains low
in the boundary layer and yielded an effectiveness of
0.23. At M = 0.8, the jet effluent penetrates higher into
the boundary layer resulting in a lower effectiveness of
0.08.

The mass transfer effectiveness was measured at
ten downstream locations. Five measurements were
made in the transverse direction at each downstream
location at intervals of 0.35 from the centerline of the
jet. The effectiveness was measured at each point for
each of the three blowing ratios.

Figure 3 shows the spanwise change of effectivenss
at locations z/D of 0, 0.75, and 1.5 as a function of
dimensionless distance from the jet exit (x/D) and the
blowing ratio. The value of z is measured from the
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F1G. 4. Spanwise variations of effectiveness at three blowing
ratios for four downstream locations.

centerline of the jet in the transverse direction. For
z/D = 0, the effectiveness is at its maximum value
nearest the jet (x/D = 5.15) for all the three blowing
ratios. It then decreases in the downstream direction.
For z/D = 1.5 (equidistance between the jets) the
effectiveness is zero at x/D = 5.15 and increases with
x/D due to jet coalescence. For z/D = 0.75 the effec-
tiveness has a moderate value which increases slightly
in the downstream direction.

Figure 4 shows the effectiveness for different dis-
tances downstream from the jets, at each blowing
ratio. At 4.65 diameters from the jet, the effectiveness
has a large variation in the z-direction for blowing
ratios of 0.4 and 0.8. At a blowing ratio of 1.2, the
effectiveness is almost constant but lower than the
effectiveness for blowing ratios of 0.4 and 0.8 for all
values of z/D. This is attributed to the increased
mixing with the main flow at lower blowing ratios.
This variation in the z-direction decreases until it
disappeares downstream in the recovery region
(x/D = 20). For M = 0.4, this spanwise dependence
persists for about 50 hole diameters downstream. At
the highest blowing ratio, the spanwise dependence
is never as pronounced as for the lowest blowing,
and disappears after about 25 hole diameters. For
M = 0.8, there is a strong spanwise dependence near
the jets but it disappears after about 35 diameters.

Figure 5(a) presents the spanwise-averaged effec-
tiveness as a function of the blowing ratio at four
downstream locations. The effectiveness is at a
maximum for a blowing ratio between 0.4 and 0.8 for
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FIG. 6. Spanwise averaged Stanton number with no blowing
as a function of distance from holes.

all but the last downstream location. At the last
location, the effectiveness shows only a slight variation
with the blowing ratio. This is consistent with previous
findings [10, 11]. As a reference, the centerline effec-
tiveness is compared to that from ref. [6] in Fig. 5(b).
This data was collected at x/D = 11.11 and with an
injection angle of 35°.

Mass transfer coefficient

The mass transfer coefficient was measured at 32
downstream locations for each of the three blowing
ratios and with no blowing. At the first 20 locations,
14 measurements were made in the spanwise direction,
while 7 were made at the last 12 downstream locations.

In the case of no blowing, plastic tape was placed
over the jets to make the injection surface as smooth
as possible. Figure 6 shows the mass transfer
coefficient with no blowing as a function of x. The
data were spanwise averaged as in ref. [21]. An exact

W. P. WEBSTER and S. YAVUZKURT

16
ol
8
12 Fa UBPDED'D}UiB
[} to o 4 179 a
- ‘g 516/‘) ) A“}A\Egbn
K3 b‘v“‘b‘&mi\é\?\n
< o8 rg.‘:u" 3
V] ¥ ﬂ
. 04 &
04 L 08 o
| 120
00 [ NS N S NP NS SN
0 30 60 90
x/D

FiG. 7. Spanwise averaged Stanton number ratio as a
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solution from ref. [22] for mass transfer with a step
change in surface density has the form

E 0.9
= 1 — =
sumcrei-()]

where C, p and g are constants, E is the starting
length with no mass transfer and X' is the distance
from the virtual origin. The Schmidt number effect is
included in C. Using the constants in ref. [21] yields
the dashed line. The data is within 15% of the exact
solution, however the exact solution underpredicts
the data at downstream locations and overpredicts in
the region near the jets. The dashed line is a curve fit
of the data with the same form as equation (10) where
C, p and g were determined using the method of least
squares. The dashed line in Fig. 6 was used to
normalize the data for mass transfer with blowing.
Figure 7 presents the results for the three blowing
ratios. Again the data were averaged in the spanwise
direction. An uncertainty analysis of the data was done
following Moffat [23]. The calculated uncertainty was
approximately + 9% of the measured value at each
point. Eriksen and Goldstein [ 10] reported a spanwise
variation of approximately 10-20%. For this reason,
spanwise variation in the Stanton numbers are not
reported.

In the region behind the jets the mass transfer
coefficient at a blowing ratio of 1.2 was increased by
40%. It decreased in the downstream direction, and
was higher than that of the other two blowing ratios
over the entire test section. The lowest blowing
reduced the mass transfer coefficient by 35% just
behind the jets, but it increased in the downstream
direction. The intermediate blowing ratio (0.8)
increased the mass transfer coefficient by about 5%
behind the jets, however it decreased downstream to
a value below that for the lowest blowing ratio. This
indicates that the optimum mass transfer coefficient
is at a blowing ratio greater than 0.4.

Figure 8 presents the mass transfer coefficient as a
function of the blowing ratio at four downstream

(10)



Measurements of mass transfer coefficient and effectiveness in the recovery region of a film-cooled surface

1.6

14

v
592 0

oL 7% v
: [’ 15.570
1581 @

St/Sty

12
F g 2
10 f——— °/
Ziv/o
08 - %Zpv s
3716 a
06 | 57484
80340
04 1 1 i
00 04 08 12
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blowing ratio at eight downstream locations.

locations. The figure indicates that the blowing ratio
with the lowest mass transfer coefficient is between
0.4 and 0.8 for all locations except very close to the
jets. Data from ref. [10] at x/D = 15.81 is also plotted
as a reference. This data was taken at a higher Re,
and the angle of injection was 35°.

Summary

These resuits show that at the high blowing ratio
of 1.2 the mass transfer coefficient was increased and
the effectiveness was lower than other blowing rates.
This combination results in high mass (or heat)
transfer to the surface. At the lowest blowing ratio
(0.9), the mass transfer coefficient was reduced and
the effectiveness was high, which reduces the heat or
mass transfer. At the intermediate blowing ratio
the effectiveness is slightly lower than for M = 0.4,
however the mass transfer coefficient is smaller in the
far recovery regions (x/D > 40) than either the high
or low blowing. This indicates that the optimum
blowing ratio is between 0.4 and 0.8. Previous resear-
chers’ (refs. [10, 117 and others) work has indicated
that the optimum blowing for film cooling is about
0.5 which is consistent with the results presented here.

CONCLUSIONS

(1) The mass transfer coefficient and effectiveness
were measured downstream of one row of holes
inclined 30° with the horizontal in an isothermal
turbulent boundary layer on a flat plate. The data
were collected at blowing ratios of 0.4, 0.8 and 1.2.

(2) The mass transfer coefficient obtained had a
minimum for a blowing ratio between 0.4 and 0.8.

(3) The effectiveness was seen to have a maximum
at a blowing ratio between 0.4 and 0.8.

(4) In the region near the jets the effectiveness was
highest for the low blowing ratio and lowest for the
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high blowing ratio whereas the normalized mass
transfer coefficient had its largest value at the high
blowing ratio and a minimum at the low blowing
ratio.

(5) In the far recovery region, (x/D = 40) the
effectiveness showed only slight dependence on the
blowing ratio. The largest mass transfer coefficient
occurred with high blowing ratios, but the intermedi-
ate blowing ratio had the lowest mass transfer
coefficient.

(6) Using these experimentally measured values a
general mass transfer equation based on the surface
and free stream densities is derived (equation (5)). This
general equation can be used on a surface with the
same flow field for a general mass (or heat) transfer
problem.
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MESURE DU COEFFICIENT DE TRANSFERT MASSIQUE ET DE L’EFFICACITE
DANS LA REGION DE RECUPERATION D’UNE SURFACE REFROIDIE PAR
UN FILM

Résumé—Les coeflicients de transfert massique et I'efficacité du film réfrigérant sont mesurés en aval d’'une
rangée unique de trous (région de récupération) inclinée a 30° par rapport a la surface et en ligne avec
I'écoulement principal a couche limite turbulente. Les coefficients de transfert massique sont mesurés en
utilisant la technique de sublimation du naphtaléne. L'efficacité est déterminée a 1'aide de I'injection d’une
trace de gaz dans I'écoulement secondaire et en mesurant sa concentration a la paroi imperméable. Des
expériences sont faites dans une couche limite subsonique turbulente avec gradient de pression nul, sous
des conditions isothermes, pour trois rapports de soufflage (U/U,): 0,4, 0,8 et 1,2. Les données sont
collectées dans la région entre 7 et 80 fois le diametre du jet en aval de la zone d’injection. On dérive une
équation générale du transfert de masse et on présente une discussion des données. Il semble que cette
étude et 'une des trés rares dans lesquelles on mesure ensemble les deux variables sur la méme surface et
dans un large domaine de la région de récupération.

MESSUNGEN DES STOFFUBERGANGSKOEFFIZIENTEN UND DER WIRKSAMKEIT
IN DER RECOVERY-REGION EINER FILMGEKUHLTEN OBERFLACHE

Zusammenfassung-—Es wurden Stoffiibergangskoeffizienten und Wirksamkeit der Filmkihlung strom-
abwirts von einer Reihe von Bohrungen (Recovery-Region) gemessen, welche bei einer Neigung von 30°
in Richtung der turbulenten Grenzschichtstromung in die Oberfliche eingebracht waren. Die Stoff-
libergangskoeffizienten wurden unter Benutzung einer Naphthalin-Sublimationstechnik gemessen. Die
Wirksamkeit wurde bestimmt durch das Einblasen eines Markierungsgases in die Sekundédrstrémung und
durch Messung seiner Konzentration an der undurchldssigen Wand. Ausgefiihrt wurden die Experimente
in einer druckgradientfreien turbulenten Grenzschicht im Unterschallbereich bei isothermen Bedingungen
mit drei Einblasverhdltnissen (U,/U,): 0,4, 0,8 und 1,2. Die Daten wurden in einem Bereich von 7 bis 80
Diisendurchmesser stromabwirts von der Einblasstelle aufgenommen. Aus den unter denselben Stro-
mungsbedingungen aufgenommenen Werten der Stoffilbergangskoeffizienten und der Wirksamkeit wurde
eine allgemeine Stoffiibergangsgleichung abgeleitet. Diese Arbeit beinhaltet umfassende Daten und deren
Erérterung ; sie ist wohl eine der wenigen Untersuchungen, bei welcher beide GroBen an derselben Ober-
fliche und in einem weiten Gebiet des Recovery-Bereichs gemessen wurden.
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Measurements of mass transfer coefficient and effectiveness in the recovery region of a film-cooled surface

W3MEPEHW KO3GOUUNEHTA MACCOMNEPEHOCA H 39GEKTHBHOCTH
MJIEHOYHOI'O OXJIAXAEHUSA B OBJIACTH BOCCTAHOBJIEHH S

Annoramms—Kosdpduunents: MacconepeHoca ¥ 3peKTHBHOCTD NICHOYHOTO OXJNAXACHHA HIMEPRIOTCH
33 OOHMM PRIOM OTBepCTHiE {0613CTH BOCCTAHOBACHHA), PACHOJOXCHHLIX Noa yriom 30° x momepx-
HOCTH M TAPaJic/IpHO OCHOBHOMY TeueHHIO TypOynenTHOro Horpanmisoro cinod. Koodpuunentsl mac-
COMEPEHOCA M3MEDPAIOTCA ¢ [MOMOUILIO METOOMKH, HCHIOAB3YKOMIEH npouece dcmapenus nHadTanuHa.
DppexTHBHOCTL ONPEAC/IRETCH Hepe3 BBOL rA3a-HMHIMKATOPAa BO BTOPHYHOE TEYEHHE M HIMEPEHHE ero
KOHUSHTDALHH Y NPOHMUAEMON CTEeHKH. ODKCHEPHMEHTH NPOBOMMINCE B JO3BYKOBOM TypOyneHTHOM
HOTPAHHYHOM CJI0€ C HYJIEBRM TPAaJHCHTOM JaBJNEHHS IPH H3IOTEPMHYECKHX YCJIOBHAX € TPEMSA OTHOLIE-
nusamu paysa (U,/U,): 04; 08 n 1,2, Pesynbrarsl nonyyeHsl Ha paccrosuusax oT 7 ao 80 auamerpos
CTPYH OT MECTOMONIOKeHHA BayBa. M3 ZaHHBIX no xosdduumentaM MacconepeHoca H 3p(pekTHBHOCTH,
ROJYYEHHBIX NPH OOHMX M TEX K¢ YCTIOBHAX TEYCHHS, BHIBENEHO OCHOBHOE YPaBHEHME IO Macconepe-
wocy. Tlpeacrasiiess! pACIHHPEHHbIE JaHuble u HX obcyxaenue; nonaraeTcs, 4¥ro jannas pabora ssin-
SETCH OHHON M3 HEMHOIHX, B KOTOPHIX 00¢ HepeMeHHbIE HIMEPSHIOTCH Ha OaHOH i TOH XKe NOBEPXHOCTH #
8 Sonbwo no nrowWany obacTH BOCCTAHOBIICHHS,
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