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Abstract—An air stream cooled ‘clean’ heat flux-meter has been developed. The results of the experimental

and analytical investigation of the cooling air stream curtain that also protects against particle deposit

formation are presented. The velocity fields at two different air flow rates and in two perpendicular planes

of the stream are mapped using LDA. These data are used to compute ash particle trajectories. Computed

ash particle trajectories indicate that the air stream efficiently protects the receiving element of the ‘clean’
heat flux-meter against ash deposit formation.

INTRODUCTION

THE EXTENSIVE use of low quality coals with a high
ash content in modern power plants over the last
decade has necessitated heat transfer surface fouling
control {1, 2]. The currently used method of ash
deposit fouling control in large utility boiler furnaces
consists of the use of various types of soot blowers.
Operational experience indicates that, apart from the
type of blower, efficient and careful deposit control
requires the timely scheduling of blower operation.
This is particularly the case if water blowers are used
where damage to tube walls due to the direct contact
of water jets and tube walls at high temperatures has
to be minimized.

Blower operation can be properly scheduled only
if information on furnace ash deposit formation is
available. Due to the complexity of deposit formation
processes and heat transfer through ash deposit layers,
the extent of these deposits in large utility boiler fur-
naces can be estimated only through their effect on
overall furnace heat transfer. Several different moni-
toring system types that operate by evaluating the
effect of ash deposit on overall furnace heat transfer
have been developed [3-5]. Among these, monitoring
systems that compare signals from the so-called
‘fouled’ and ‘clean’ heat flux-meters yield the most
reliable data {3, 4].

In order to ensure ash deposit monitoring system
zonal flexibility a new type of ‘clean’ heat flux-meter
has been developed. The design of this heat flux-meter,
the experimental mapping of its air stream curtain
velocity fields and ash particle trajectory predictions
are presented.

DESIGN OF THE ‘CLEAN’ HEAT FLUX-METER

The new compact and easy to install ‘clean’ flux-
meter reported has an air stream curtain that

t Present address: Department of Mechanical Engin-
eering, Queen’s University, Kingston, Ontario, Canada.

efficiently cools and protects it against fouling. Our
design is based on the easy to install heat flux-meter
with a disc type receiving element concept [6, 7]. To
maintain compactness and simplicity the air stream
both protects against fouling and acts as a heat sink.
The developed design is shown in Fig. 1.

Two narrow ribs (3) connect the disc type receiving
element (1) to the cylindrical housing (2). Semicircular
gaps (4) between the disc and housing serve as air
stream outlets and due to their shape the air stream
protectively envelops the receiving element. Thermo-
couples (5) are attached to the receiving disc at its
centre and at its perimeter. An insulation layer (6)
prevents heat transfer from the back surface of the
receiving disc and protects the thermocouple junctions
from the air stream. Air is supplied through steel tubes
(7). The tubes also act as protective thermocouple
leads. To prevent air leakage, a plug (8) is attached to
the back of the housing. The ‘clean’ heat flux-meter is
mounted on an actual furnace tube (9).

EXPERIMENTAL EVALUATION OF THE
VELOCITY FIELDS

The air stream velocity field was mapped using
LDA. Measurements were made in two planes that
intersect at right angles at the centre of the receiving
disc and are perpendicular to the disc surface. One of
the planes passes through the axis of the connecting
ribs. Seven velocity profiles were mapped at axial
distances of 1, 5, 10, 20, 40, 70 and 100 mm. The
measurements are made at two air flow rates, V, =
46x10*mis~ ' and ¥, =6.8x10" " m*s .

Experimental set-up

A one-component He-Ne 15 mW LDA system was
used for the velocity field mapping. A 250 mm focal
distance frontal lens and 300 mm focal distance receiv-
ing lens placed 27° off axis ensured good spatial res-
olutton. The resulting measuring volume is 0.15 mm
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d,  ash particle diameter
F, external forces

G ash particle weight
L axial distance

m,  ash particle mass

p pressure
¥ radial coordinate

Fo ash particle radius

Re, ash particle Reynolds number

u axial component of gas velocity

u,  axial component of ash particle velocity
v radial component of gas velocity

v,  radial component of ash particle velocity
¥V flow rate

flue gas velocity

¥,  ash particle velocity.

NOMENCLATURE
A, ash particle cross-section area Greek symbols
C,  drag coefficient U dynamic viscosity of gas

P gas density

pp  ash particle density

T time

particle characteristic time
At calculation time interval
¢ time constant.

Superscripts
0 value in the previous iteration
’ region aside annular gaps
region above annular gaps.

”

Subscripts
FG flue gases
g gas
p particle.

in diameter and 0.38 mm long. A fast A/D con-
verter/memory was used for data acquisition. The
Doppler bursts were led to and processed by a HP
A700 minicomputer using the ACVR code [8, 9].

The measuring system layout is shown in Fig. 2.
This modular system consists of the laser (1) and its
power supply (2), the transmission optics module (3)
with the DUAL Bragg cell driver (4), OEI receiving
optics (5) with photo multiplier (6) and power supply
(7), an OEI variable band-pass filter (8), an IWATSY
DM 901 A/D converter/memory (9) and the HP A700
minicomputer (10).

Commercial grade ZnO powder introduced
through a custom made fluidized bed seeder (11) was
used to seed the air stream. Due to high outlet vel-
ocities and a large jet expansion ratio, a high particle

concentration was needed to ensure reasonable data
rates, particularly when profiles far from the nozzle
are mapped. Due to the high concentration, particle
agglomeration could not be avoided completely.
Velocities were measured at 27 points at axial dis-
tances of 1-40 mm and at 17 measuring points at axial
distances of 70 and 100 mm. A custom made tri-axial
traversing stand was used for exact positioning.

Experimental results

Experimental results obtained for air flow rates of
4.6x 1077 and 6.8x 107* m® s~ ' are shown in Figs.
3 and 4. The upward vertical flow direction is assumed
positive for the u-component of the air flow velocity.
For the v-component, left to right is assumed as the
positive flow direction. The presented results show

F1G. }. ‘Clean’ heat flux-meter.
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F1G. 2. The LDA system layout.

that the air streams, which are toroidal in the near
field, become homogeneous conical shapes in the far
field region. At flow rates of 4.6x107° and 6.8 x
107% m? s~ the transformation ends at a distance of
approximately 40 and 20 mm, respectively. The
obtained negative values of the u-component of velo-
city (Figs. 3 and 4) attest to the existence of a recircula-
tion zone above the receiving disc. The intensity of
recirculation is directly proportional to the air flow
rate.

The highest values of the u-component of velocity
in the plane perpendicular to the connecting ribs were
measured in the toroidal stream region, above the
gaps (Fig. 3). In the air stream conical region the
maximum values of the u-component were measured
on the stream axis and are lower than in the toroidal
region. The measured values are dependent on the air
flow rate and axial distance. At 4.6x10 " m®s~'a
maximum value of 104 m s~' was measured at an
axial distance of 1 mm from the receiving disc. At
6.8x107° m?* s~ ' the maximum value of 139 m s~
was measured at axial distances of 1 and 5 mm from
the receiving disc. The maximum negative value of the
u-component {—11.0ms ") at6.8x 107 m?s ' was
also measured at a distance of 1 mm from the receiving
disc. At 4.6x107° m® s’ the maximum negative u-
component value (—1.1 m s7') was measured at a
distance of 5 mm from the receiving disc. All the
negative values of the u-component were measured
above the receiving disc.

The highest v-component values in the plane per-
pendicular to the connecting ribs were measured at
an axial distance of 1-5 mm above the receiving disc
(Fig. 3). The maximum measured values are 17 and

24ms ' ford.6x 107 *and 6.8 x 16 m*s™', respec-
tively. These values do not exceed 20% of the
maximurn values of the u-component measured at the
same distance and in the same plane.

Results obtained in the plane passing through the
connecting ribs indicate their strong effect on the vel-
ocity field (Fig. 4). The u-component values measured
near the ribs (at an axial distance of 1-10 mm) are
considerably lower. The profiles at a distance of 40
mm and greater are similar in shape in both planes, At
distances of | and 5 mm the maximum v-component
values measured in the plane containing the ribs are
30% higher than in the plane perpendicular to the
ribs. At greater downstream distances the measured
v-component values are alike in both planes.

ASH PARTICLE TRAJECTORIES

The LDA mapped velocity field data are used to
numerically predict ash particle trajectories in an
attempt to estimate the capability of the air curtain
to protect the receiving disc surface against deposit
formation.

Gas stream particle movement is influenced by
numerous phenomena. According to the literature
[10-12], among the most influential are momentum,
heat and mass transfer between phases, gas flow tur-
bulence, particle/particle interactions, flow boundary
effects, migration of the particles perpendicular to the
flow direction and the particle shape. For the present
analysis of ash particle movement in an air stream the
following effects are neglected :
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F1G. 3. Velocity profiles—plane passing through the middle of the semicircular gaps.
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{b) mass transfer between the phases;
(¢) heat transfer between the phases:
(d) particle/particle interactions ;
(e) flow boundary effects;
{f) particle shape effects.

4 ”
TP = Pt -+ ) F
3 PPP Gy 3 P ¥ 21;

3 D
+Gry (ﬁpﬂ)J\ e (v—v,) ;}7{ -

@

In accordance with these simplifications, it is

assumed that ash particle movement is governed only
by momentum transfer between the phases. Momen-
tum transfer between a single ash particle and the air

stream is given by [13]

h

The terms on the right-hand side of equation (1)
are the various forces acting on the particle in the air
stream. The first term on the right-hand side is the

drag force term, the second term the stream pressure
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F1G. 4. Velocity profiles—plane passing through the connecting ribs.

gradient related forces, the third term the virtual mass
related inertial forces, the fourth term the acceleration
history related forces and the fifth term the external
forces (gravity, electromagnetic forces).

The influence of pressure gradient related forces,
virtual mass related inertial forces and forces due to
the acceleration history is assumed considerably
smaller than that of the drag force and external forces
[14]. As the time constant, ¢, is [13]

@

equation (1) becomes

dv,
my =2 ==

b gr = oA 0=tlo—t,|+ T F. ()
=1

The drag coefficient, Cp, is given [10, 12] by

24
Cp = E;(I.O—FO.lSReS'“’). 4
The Reynolds number is given [10] as
d |v—
Rep = B_PIZ_UPI_ (5

The particle characteristic time is [12]
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And f, i1sequal [12] to

fo = 1L.O+0.15Re**". 7

According to equations (3)—(7), ash particle move-
ment in the two-dimensional air flow, in the presence
of gravity, is specified by a system of two scalar differ-
ential equations

®)
©

Computer code

The two-dimensional velocity field is computed in
the pre-processor part of the computer code inter-
polating the experimental results obtained for the
investigated air flows (4.6 x 107* and 6.8 x 107" m”
s~'). Particle trajectories are calculated using the
Sharma method [14]. Assuming that the fluid velocity
is constant during the short time interval, the analytic
solution of equations (8) and (9) is [12]

u, = u+(u—ug) et A (10)
vy = v—(—1) e A —gr [l —e 4] (11)

The particle position at the end of time interval At
is [12]

At
x=x0+(up—ur‘,’)727 (12)

o AT
y=yo+(vp—vp)7- (13)

The particle velocity at the moment of contact with
the air stream is also calculated using equations (10)

and (11), by assuming that the fluid velocity is equal
to the furnace flue gas velocity.

Preliminary computation runs were used to define
the optimal time steps that satisfy a step-size inde-
pendent solution. The time intervals of A" = 0.057,
for the region external to the annulus gaps and
A" = 0.001A7" used in the computation satisfy the
step independence condition.

The results of ash particle predictions
Ash particle trajectories were predicted for:

(a) particle diameter D, = 0.5 mm;
(b) particle density p, = 1000 kg m"~
(c) flue gas velocity Vi =8 ms™ .

3.
,

These assumptions are also the limiting aero-
dynamic conditions encountered in power plant boiler
furnaces. Predictions are made for the vertical par-
ticle—stream contact plane that is assumed the most
disadvantageous (Fig. 5). This plane of contact
coincides with the measuring plane normal to the
connecting ribs. The experimental velocity data for
this plane are used to calculate the velocity field in
the pre-processor section of the computer code. Ash
particle trajectories are computed for an air stream
within a 10 mm radial distance from the centre of the
receiving disc and at an axial distance of 1-40 mm
from its surface. Computations are made at different
incident contact angles and axial distances. The axial
distances are varied in steps of 2 and 5 mm at axial
distances of 1-10 and 10-40 mm, respectively. The
incident angles are varied in 5" steps in the 0-80
range.

The predicted trajectories for both air flow rates
and at several incident angles and axial distances are
shown in Fig. 6. The streams of different symbols
depict ash particle positions at subsequent points in
time.

The simulation indicates that for an air flow rate of
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6.8x 107 m® s the ash particles penctrate the air
stream but none of them come into contact with the
recetving disc. At a flow rate of 4.6x107° m? 577,
contact between the receiving disc surface and the ash
particles cannot be avoided for ash particles that enter
the air stream at axial distances of 3-7 mm and at
higher incident angles.

DISCUSSION

Experimental results

The measured downstream decrease of the u-com-
ponent and changes in the shape of the velocity profile
indicate the broadening of the air stream. According
to our experimental results, this broadening starts
near the flux-meter in the region at an axial distance
of 1-5 mm from the flux-meter. The maximum mea-
sured u-component values monotonously decrease
with increasing axial distance. The maximum mea-
sured u-component values at distances of 20 and 100
mm are 15 and 50% smaller, respectively, than the
values measured at 1 mm from the flux-meter. The
broadening of the air stream results in a gradual trans-
formation from a toroidal to a conical shape. At an
air flow rate of 6.8 x 1077 m®* s, the air stream is
fully conical at a distance of 20 mm from the flux-
meter. At4.6x 107 ¥ m’ s~ ', at the above distance the
maximum values of the u-component are still measur-
able above the annular gaps. This indicates that the
stream has not become totally conical. Results
obtained at a distance of 40 mm show that the trans-
formation is complete.

The measured negative values of the u-component
indicate that recirculation occurs above the receiving
disc and that an air vortex develops. Recirculation
increases with an increase in the air flow rate. Our
results indicate that the vortex exists in the centre of
the air stream up to a distance of 5 mm at a flow rate
of 46x107* m* s~ and up to a distance of 10 mm
ata flow rate of 6.8 x 10 *m’s™".

Maximum values of the v»-component occur 1 mm
above the receiving disc. These values decrease with
distance. Measured values were averaged over each
full profile. These average values are depicted in Fig.
7. 1t is evident that in the vicinity of the receiving disc
the average values decrease slowly with distance. A
sudden decrease occurs at a distance of 1040 mm. A
50% increase in the flow rate entails a 5-10% increase
in the s-component average values.

Direction changes in the v-component direction at
axial distances of 1-10 mm confirm the existence of an
air vortex upon the receiving disc. The observed v-
component direction indicates that near the flux-meter
atmospheric air is sucked into the stream. This suction
intensifies with the increase in the flow rate and is
observed up to an axial distance of 5 mm.

Results obtained in the plane passing through the
connecting ribs indicate that the ribs strongly affect
the air stream in their vicinity. Considerably smaller
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F1G. 7. Averaged values of the v-component of air velocity.

values of the u-component and greater values of the
v-component are measured near the ribs. The effect is
stronger at higher flow rates but it decreases down-
stream and at approximately the same distance at
both flow rates (20 mm), it disappears completely.

The obtained experimental data were compared to
analytically obtained velocity fields. The two-dimen-
sional model for infinite gaps proposed by Raja-
ratnam [15], was used to obtain the latter. The prin-
cipal assumptions incorporated into the model are
that there is no interaction between the flow branches
and that, according to dimensional analysis, the v-
component of the air velocity can be neglected. These
assumptions preclude the extraction of information
on the v-component of the air velocity and the possible
existence of air vortices. Only the comparison of u-
component experimental data obtained in the plane
perpendicular to the connecting ribs is possible.

The greatest discrepancy between experimental and
analytical results is encountered in the potential core
region (the region from the outlet to approximately 5
mm downstream). Measured values are 20% lower
than analytically predicted for the 4.6 x 107" m* s '
flow rate and 33% lower for the 6.8 x10"* m" s
flow rate. With an increase in distance, these differ-
ences decrease and at a distance of 20 mm, disappear
completely. The analytically obtained values for the
distance at which flow branch interaction commences
are 22.5 mm at a flow rate of 4.6 x 107 m’ s~ ' and
21.0 mm at a flow rate of 6.8 x 10 * m* s~ . Accord-
ing to our experiments interaction is observed at a
distance of 20 mm at 4.6 x 1077 m3s™' (15% nearer)
and at a distance of 10 mm at 6.8 x 10~ m* s~ '(50%
nearer).

Our experimental set-up allows velocity measure-
ments up to 350 m s”' (75% greater than the
maximum analytically obtained values). Thus, the

t
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observed differences are due to scattering particle iner-
tia and our neglecting the v-component of velocity.
As a result of the design of the flux-meter with its
sharp velocity increase at the gaps and the observed
agglomeration, the seed particles cannot attain the
fluid velocity instantaneously. In addition, the air vor-
tex intensifies the broadening of the stream thus bran-
ches decreasing wu-component values. The dis-
crepancies observed in the potential core region are
mostly due to scattering particle inertia and as a result
of apparatus short comings. The discrepancies
observed in the region adjacent to the potential core
(up to 20 mm downstream) are mostly vortex effects
and are due to analytical model simplifications.

Particle trajectories

In an attempt to predict ash particle trajectories
we coupled an analytical model and experimentally
obtained velocity field data with a view to observing
the effect of the stream on the ash particle trajectories.
Several simplifying assumptions are incorporated into
the analytical model.

The first assumption is that particle migration per-
pendicular to the stream direction does not occur.
Perpendicular particle migration is due to the radial
pressure gradient in the stream and its influence on
the particle movement is significant only if the flow is
laminar. Experimental results indicate that the flow in
the air stream is highly turbulent and the simpli-
fication mentioned is not detrimental to the analysis.

Mass transfer between phases is neglected. In tan-
gentially fired boilers burning pulverized coal, all the
devolatilization and combustion processes outside the
furnace burner belt are over before ash particles reach
the furnace walls. This simplification also has little
effect on the analysis.

Due to the small dimensions (4, = 0.5 mm) and
lower temperatures (900—1200 K) the heat capacity of
the particles is very small. It is assumed that at contact
with the air stream, the ash particles instantaneously
cool to the air stream temperature. Thus, the assumed
absence of heat transfer between particles and air
stream loses significance.

Due to stream/particle interaction, the particles
alter flow conditions in their vicinity. If the volumetric
concentration of the particles in the stream is high and
the distances between them are small, the mentioned
effects can superimpose creating local flow conditions
different from those in the remainder of the stream.
The limiting value at which particle/particle inter-
action occurs cited in the literature [12] is 1% volu-
metric concentration. In view of boiler furnace dimen-
sions, fuel consumption, the fuel ash content, ash
density and dimensions and the residence time of ash
particles in the furnace, the volumetric concentration
of the ash particles in the furnace is predicted at less
than 0.05%. Accordingly, neglecting particle/particle
interaction has no influence on the analysis.

The assumption that flow boundary effects can be
neglected is due to the flow geometry. In the case

2299

under consideration, the furnace walls act as the only
flow boundaries. As there is no direct contact between
the air stream and the wall boundaries, this simpli-
fication does not affect the analysis.

According to the literature [16-18] ash particles can
be assumed to be porous spheres. For the Reynolds
numbers in question (N, are smaller than 1000) and
intense turbulence there is no clear indication of the
effect of surface roughness on particle trajectories [10].

Additional simplifications were introduced in solv-
ing equation (1). The pressure gradient, virtual mass
and Basset term (second, third and fourth term on the
right-hand side) of equation (1) are of the order of
the gas/particle density ratio. For the incompressible
air flow in our case this ratio is approximately 10~*
and the mentioned terms can be neglected. In our
analysis we assume that, although the maximum mea-
sured values of the u-velocity component (140 m s~
at an airflow rate of 6.8 x 10~° m? s~') indicate that
the flow is compressible and the air/particle density
ratio grows, forces described by these terms can be
neglected as compared to drag and gravitation. This
simplification is made partly in view of the difference
between experimental and in-plant operating tem-
perature conditions. Velocity data were exper-
imentally obtained for an air stream entering the
environment at room temperature, and in actual oper-
ating conditions this temperature is expected to be in
the 450-600°C range.

The velocity data used in the prediction of particle
trajectories were experimentally obtained for up-ward
flow opposite in direction to that of gravity while the
predictions are made for flow perpendicular to the
direction of gravity. It is assumed that the error due
to the different flow geometries can be neglected due
to the negligible mass of the scattering particles. Fur-
thermore, the effect of the flue gas flow on the air
stream velocity field is neglected because of the sig-
nificant difference in the air and flue gas velocities in
the region of interest.

Computer code input data are a function of the
experimental data [17, 18]. Fractional analysis of the
furnace ash particles indicates that the particles, the
diameters of which are greater than 0.5 mm, make up
far less than 1% of the total number of particles. The
flue gas velocity in the furnace varies between 5 and
7 m s~ ' and rarely exceeds 7.5 m s~ '. The density of
the particles is reported to be in the 700-900 kg m~*
range.

The predicted trajectories indicate that, at
6.8x107* m? s~ and for all the incident angles and
positions of contact between the particles and air
stream investigated, the impact of the ash particles on
the receiving disc surfaces is prevented. At a flow rate
of 4.6x107° m? s~ ', particle/receiving disc surface
contact is possible only for particles entering the air
stream at axial distances of 3-7 mm. As the ash par-
ticles cool as they penetrate the air stream, even in the
case of contact, ash particle deposition is not to be
expected. The initial trajectories of all the particles are
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altered in such a manner that the particles hit furnace
walls around the receiving disc or are carried down-
stream away from the flux-meter. The computation
indicates a weak vortex trajectory effect. Due to the
small negative u-component values in the vortex zone
{maximum value measured is —11 m s~ ') and the
short residence time (particles reside in the vortex
zone for less than 2 ms), particle inertia prevails over
the vortex drag force and the stream carries them
away. Because of the air stream, ash particles reside
in the zone above the receiving disc 50-100% longer
than they would if there was no protective air stream.
Due to the low initial concentration of ash particles,
the increase of concentration due to the longer resi-
dence time does not significantly affect radiative heat
transfer between the flame and the ‘clean” heat flux-
meter.

CONCLUSIONS

According to the experimentally obtained velocity
data and trajectory simulations, the air stream suc-
cessfully prevents ash deposit formation. The influ-
ence of the connecting ribs on the air stream dimin-
ishes downstream. If the flux-meter is correctly
positioned on the boiler tube (Fig. 5), the connecting
rib caused flow instabilities have no effect on the pro-
tection against ash deposit formation. The influence
of the air vortex formed in the centre of the toroidal
zone of the stream on ash particle trajectories is insig-
nificant and does not affect the protective function.
The conical transformation of the air stream together
with the low initial ash particle volume concentration
prevents a significant increase in the particle con-
centration above the receiving disc.
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UN FLUXMETRE THERMIQUE POUR DES SYSTEMES AVEC DEPOT DE
CENDRE—I1. PREVENTION DU DEPOT

Résumé—On a développé un fluxmétre thermique “propre” refroidi par I'air. Les résultats sont présentés

pour I'étude expérimentale et théorique du rideau d’air refroidissant qui protége aussi la formation du dépdt

de partiqules. Les champs de vitesse pour deux débits et dans deux plans perpendiculaires d’écoulement sont

précisés. Ces données sont utilisées pour calculer les trajectoires des particules de cendre. Ces trajectoires

montrent que Uefficacité de I'écoulement dair protége I'élément récapteur du fluxmeétre “propre” contre la
formation d’un dépdt de cendre.



A heat flux-meter for ash deposit monitoring systems—1

EIN WARMEFLUSSMESSGERAT FUR SYSTEME ZUR UBERWACHUNG DER
ASCHEABLAGERUNG—I. VERHINDERUNG DER ASCHEABLAGERUNG

Zusammenfassung—Es wurde ein luftgekiihites “sauberes” WirmestromdichtemeBgerit entwickelt. In der
vorliegenden Arbeit werden die Ergebnisse einer experimentellen und analytischen Untersuchung des
kiihlenden Luftvorhangs vorgestellt, der zusitzlich auch der Ascheablagerung entgegenwirkt. Unter
Verwendung eines LDA werden die Geschwindigkeitsfelder bei zwei unterschiedlich groBen Luftstrdmen
und bei zwei unterschiedlichen Strémungsrichtungen bestimmt, Mit Hilfe dieser Daten werden die Tra-
jektoren von Aschepartikeln berechnet. Diese zeigen, daf3 der Luftstrom die Umgebung des “‘sauberen”
WirmestromdichtemeBgerits vor einer Ascheablagerung wirksam schiitzt.

W3MEPUTEJIb TEIJIOBOTO MOTOKA B CUCTEMAX KOHTPOJIS OTJIOXEHUN
30J1bI—L MPEJIOTBPAILEHUE OTJIOXKEHUI 30J1bI

Annoraums—Pa3paboTan HM3MEpHTENbL “MMCTOrO” TEIUIOBOTO MOTOKA, OXJAXKIAYEMBIH BO3LYIUHBIM
noTokoM. ITpencrasieHsl pe3yibTaThl IKCHEPHMEHTAIBLHOTO H aHAMTHYECKOTO MCCEHNOBAHME 3aBECHI
OXJIAKAAIOIETO BO3AYIIHOTO INOTOKA, KOTOpas TAKXKe MpesoTBpaiaeT obpa3oBaHMe OTIOXEHHH
vacTull, C HCIIOJIb30BAHUEM JIa3eP-AONMNICPORCKOTO AHEMOMETPA HOJIYYCHA KapTa noJeH cKopocTel pa
ABYX Pas/HYHbIX CKOPOCTSX BO3AYLIHOIO NOTOKA B ABYX nepdenmnkyispHsix IIockocTsx. Ha ocnose
3TUX JAHHBIX PACCYHTHIBAIOTCA TPACKTODHM YACTHIL 30716l PacCYHTaHHbIC TPAEKTOPHH CBRACTENBCTBYIOT
© TOM, YTO BO3AYMIHbHH HOTOK 3Q(peKTHBHO NPeOXPaHSeT BOCHPHHHMAIOMIKI INEMEHT HIMEPHTENASA OT
OTJIOKEHHA 307bL.
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