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Measurement of local mass transfer on a surface in
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Abstract—A computer-controlled, automated data-acquisition system is employed to investigate the mass
transfer characteristics of a subliming flat naphthalene surface on which a protruding cylinder ismounted with
its axis perpendicular to the surface. Two cylinders with different height to diameter ratios (1 and 12) are
studied. The experiments indicate that cylinder height influences the local mass transfer distribution in the
region downstream of cylinder while it has little effect upstream. The average mass transfer rate over the entire
measurement domain is about 8% higher with the shorter cylinder as compared to the taller one. The
measurements demonstrate the automated system can provide good experimental accuracy and operating
convenience.

INTRODUCTION

NAPHTHALENE sublimation in conjunction with an
analogy between heat and mass transfer has been used
to investigate the transfer characteristics in numerous
convection-dominated heat transfer situations. Most
prior studies focused on area-averaged measurements
which could be conducted by weighing a naphthalene
test plate before and after a run. However, in many
cases, information on local transfer characteristics is of
great importance, especially with regard to gaining
better understanding of flow and heat transfer
phenomena.

To determine the local mass transfer rates,
naphthalene surface profiles are measured both before
and after a mass transfer test run. Point by point
subtraction of the two profiles gives the sublimed depth
of naphthalene which is used in calculating the local
transfer coefficient. Prior studies [1, 2, 3] indicate that
the surface profile measurement procedure is tedious
and time consuming. To measure approximately 300
data points might take an hour for data acquisition,and
even longer for data reduction. During the data
acquisition additional sublimation by natural convec-
tion can take place. In addition, human error during
long and wearying measurements may lead to
significant inaccuracies. To eliminate these errors,
increase precision, and reduce the time required for
data acquisition, an automated measurement system
has been developed. The system provides vast
improvement with regard to operational convenience
aswell asdataaccuracy. The main purpose of this paper
is to describe the system while also showing its potency
by using it to obtain significant new data for an
important flow system.

* Present address: Dept. of Mechanical and Aerospace
Engineering, Arizona State University, Tempe, AZ 85287,
US.A.

Consider flow over a plate on which a circular
cylinder is mounted with its axis perpendicular to the
plate. The flow far from the plate corresponds to the
classical two-dimensional cross flow around a cylinder,
which has been subject to intensive investigation in
both experiment and analysis. In terms of heat transfer
the prior studies emphasized the transfer from the
cylinder surface, generally presented as the average
heat transfer coefficient in terms of Nusselt-Reynolds
number correlations. Zukauskas [4] and Morgan [5]
have compiled published results of this kind.

The present study examines the influence of a
protruding cylinder on mass (heat) transfer from a flat
plate. The flow in the region near the base of a cylinder
has been determined by flow visualization. Mantle [6]
used a smoke tracer to show the flow pattern around an
isolated cylinder with height to diameter ratio of unity.
Sedney [7] surveyed many previous works on the flow
near small protuberances on a surface. Baker [8]
measured the velocity and pressure distribution within
a laminar separated boundary layer near the base of a
cylinder, and reported a complex oscillatory phenom-
enon. Baker [9] also performed similar measurements
with a turbulent flow. Langston and Boyle [ 10] used oil
of wintergreen on a sheet to show the flow and shear
stress direction on a plate surface near the base of a
cylinder.

As fluid approaches the stagnation line of a cylinder
in cross flow, it slows down and its pressure increases.
The smaller velocity in the boundary layer on the wall
on which the cylinder stands leads to a smaller pressure
increase. The resulting pressure gradient parallel to the
cylinder axis causes a flow toward the wall and areverse
flow upstream along the wall. The fluid rolls up forming
vortices which are swept around the cylinder base, then
downstream as streamwise vortex-pairs. The charac-
teristic shape of the main vortex system has led to the
name, horseshoe vortex.

Related studies of heat or mass transfer include
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C1,C2,C3,C4 coordinates of measurement

domain, see Fig. 1

differential operator

diameter of cylinder, 12.7 mm in present

study

H height of cylinder, 12.7 mm or 152.4 mm
in present study

[ B~

h heat transfer coefficient, equation (1)

B naphthalene mass transfer coefficient,
equation (2)

m mass transfer flux of naphthalene from
surface

q heat flux from wall

St naphthalene mass transfer Stanton

number, h, /U

St,  naphthalene mass transfer Stanton
number of flat surface without
protruding cylinder

St average naphthalene mass transfer
Stanton number across span
—18<z/D<18

T, temperature of wall

NOMENCLATURE

T,  temperature of freestream
t time

U, velocity of freestream, 4.6 ms ™! in
present study

X downstream distance measured from
axis of cylinder, see Fig. 1

Y normal distance from X-Z plane, see
Fig. 1

y distance measured from reference plane
down to position on naphthalene
surface

zZ lateral distance across span measured

from axis of cylinder, see Fig. 1.

Greek symbols

Pv.w  vapor mass concentration or density of
naphthalene at the wall

Poo vapor mass concentration or density of
naphthalene in freestream, zero in
present study

P density of solid naphthalene

A finite difference operator.

Kruckels [11] and Jones and Russell [ 12] who studied
local transfer distributions on annular fins. A recent
study [13] of local naphthalene sublimation on a
cylinder showed that the horseshoe vortex system
along with the disturbed flow pattern greatly influences
the mass transfer characteristics near the base of a
cylinder.

HEAT AND MASS
TRANSFER ANALOGY

The usual definition of heat transfer coefficient comes
from the equation

4q

= WT,—T. = .
a=HT-T) or h=y

ey

Correspondingly, the mass transfer coefficient is given
by
m
Py = . @
Pvw ™ P
Analogy between equations (1) and (2) implies that
T,—T, and g in heat transfer are equivalent to
Pvw—Pso and m in mass transfer. Eckert [14]
described the principles of the analogy between heat
and mass transfer processes. In the present study,
the naphthalene vapor concentration in the free-
stream is zero and equation (2) reduces to
m
hy = . 3)
pV,W

Moreover, as the mass transfer system is essentially
isothermal, the naphthalene vapor pressure and vapor
concentration at the surface are -constant. This is
equivalent to a constant wall temperature boundary
condition in a heat transfer study.

Local mass transfer from a naphthalene plate can be
evaluated from the change of surface elevation which is
equivalent to the change in naphthalene thickness. The
change of elevation or thickness due to sublimation is
given by
dy = mdt

pS

)

where p, is the density of solid naphthalene. Note that
dy and m are functions of local coordinates of the plate,
i.e. both X and Z. Combining equations (3) and (4), and
integrating over the test duration yields

pAY
= )
Pewt
The mass transfer Stanton number is defined by
h
St=--2. 6
U, (6)

If, as is often the case, the wall temperature varies
slightly during test run, p,,, can be represented by the
time-averaged naphthalene concentration at the
surface. This is obtained from numerical integration of
the concentrations determined at the measured surface
temperature. A correlation, in a form of third degree
Chebyshev polynomial interpolation, proposed by
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Ambrose et al. [15] is used to determine naphthalene
vapor pressure, from this, p, ,, is evaluated using the
ideal gas law and the wall temperature.

EXPERIMENTAL APPARATUS
AND PROCEDURE

Wind tunnel and test plate

The experiments are carried out in a specially
designed open-circuit wind tunnel installed in the
University of Minnesota Heat Transfer Laboratory.
The tunnel has an entrance section which includes
screens and flow straighteners followed by a
contraction section, a test section, a diffuser, a blower
and discharge duct.

The test section of the tunnel has a uniform cross-
section 203 mm high by 152 mm wide, and is 838 mm
long. A turbulent boundary layer is induced on the test
wall by placing at the end of the contraction section of
the tunnel a 2 mm diameter wire trip followed by a 45
mmstrip of 120 grade sandpaper. The test plate with the
naphthalene covering 120 x 190 mm is shown in Fig. 1.
The leading edge of the naphthalene mass transfer
active region i3 330 mm downstream of the trip wire.
The freestream velocity U, and boundary-layer
velocity profiles are determined using a total pressure
probe and static pressure wall taps. With U,
maintained at 4.6 m s~ ! for all runs, boundary-layer
velocity profiles are measured in the absence of a

z

F1G. 1. Test plate. Units in mm; shaded area represents
measurement domain :

X/D Z/D
C1 15 18
C2 45 L8
C3 45 —-1.8
C4 —15 18
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cylinder and with an aluminum flat plate substituted for
the naphthalene surface. The boundary layer at a
location 42 mm upstream from where the cylinder axis
is to be placed can be characterized as equivalent to a
fully turbulent boundary layer. The measured
boundary-layer thickness (where velocity is 0.99 U )
and displacement thickness are 8 mm and 1.2 mm
respectively at this location. The Reynolds number
based on the cylinder diameter and U, is about 4000.

The cast naphthalene region is obtained by placing
the test plate in an inverted position on a highly
polished aluminum flat plate and then pouring the hot
(near boiling point) naphthalene liquid into molding
holes. After the system cools down to near room
temperature, a sharp blow on the side of the polished
plate separates it from the naphthalene coated surface.

In order to have the cylinder standing firmly on the
naphthalene plate during the test run, a teflon annulus
with O.D. equal to that of the cylinder is inserted into
the cylinder base hole. One end of the cylinder is
machined to fit the 1.D. (6.3 mm) of the annulus ensuring
a firm support.

Two brass cylinders with identical diameter, D =
12.7 mm, but with different heights, are used, their
heights are 1 and 12 diameters respectively. The test
plate along with the mounted cylinder are exposed to
the wind tunnel air flow for about 150 min.

The naphthalene vapor concentration on the surface
is the driving force of the mass transfer process. To
determine the naphthalene vapor concentration and
pressure, temperatures are measured every 5 min
during a test run. A teflon insulated, 0.25 mm (0.01 in)
diameter, cooper—constantan thermocouple is used to
measure the naphthalene surface temperature. The
thermocouple is inserted into the test plate from the
back side of the plate prior to the naphthalene casting
process. After casting, the thermocouple is held firmly
by the solidified naphthalene and its junction is nearly
flush with the subliming surface. During a test run, the
measured naphthalene surface temperature is found to
be lower than the freestream temperature by 0.2°C or
less.

Automated data acquisition system

Precise positioning, accurate surface elevation
reading, and rapid data acquisition are decisive factors
to ensure successful local measurement in sublimation
studies. A computer-controlled measurement ap-
paratus was designed and installed to fulfill these
requirements. A block diagram giving a schematic view
of the entire arrangement is shown in Fig. 2.

The system consists of a depth gauge along with a
signal conditioner, a multimeter, two stepper-motor
driven positioners, a hardware unit for motor control,
an HP-85 microcomputer, and a PDP-11/34 minicom-
puter system.

For precise positioning, a system with two single-
axis, lead-screw driven, perpendicularly located
positionersisinstalled. This system canlocate the depth
gauge on the naphthalene plane (X—Z) by controlling
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Test
Plate

Depth Gauge
LVDT

Positioning Tables

(x-z)

Signal
Conditioner

Fluke 8520A
Multimeter

HP 2647A
HP 9872A

—

Motor - Control
Hardware Unit

HP-85
Microcomputer

PDP-11/34

Plotting
Terminal

=

Contour Plots

Minicomputer

CDC Cyber-74

3-D Graphics

Computer System

MNPLOT
3-D Graphic
Package

FiG. 2. Automated data acquisition system.

combined movements of each positioner. Both
positioners have the same travel range, 457 mm (18 in.).
However, for practical purposes, the carrying surface
areas are different. The smaller one (152 x 70 mm)
manufactured by Velmex Inc. carried the depth gauge
while the larger one (635 x 380 mm), made by Design
Components Inc., which could provide more stable
mechanical movements carried the test plate. A sketch
of the positioning system is shown in Fig. 3.

The digitally controlled motors are from Superior
Electric Company, model number SLO-SYN MO-63.
They are capable of rotating their shafts 200 stepsrev ~?
with a noncumulative 3% error per step increment. In
conjunction with the pitch of the lead-screw, each step
increment of the motor causes the positioner to move
0.0254 mm (0.001 in.). An HP-85 microcomputer along
with a program coded in BASIC language and its I/O
interface commands serves as a controller to the
movements of the stepper-motors. The bounds of the
rectangular measurement region in terms of X and Z
and the values of AX and AZ between each
measurement can be put into the HP-85 computer
program. This computer then controls the number of
steps of the stepper motors to change location on the
plate by these AX and AZ increments during the
measurements.

For a complete motor-control process, it is essential
to place an interfacing component between the

controller and the motor which is capable of converting
the controller’s commands in digital form into a
number of properly sequenced phase control signals
needed to physically move the stepper-motors. The
hardware unit serving as this interface is the Superior
Electric Company produced MODULYNX motion
control system. It contains five electronic circuit cards
including one interface card connected in series with the
two-axis system using an indexer card and a driver card
for each axis. Those cards are mounted in a common
chassis along with the necessary power supplies and
switches.

The depth gauge used to measure the naphthalene
surface profile is a Schaevitz Engineering produced
linear variable differential transformer (LVDT) which
is calibrated against precision gauge blocks to obtain
0.5 mm linear range and about 2.54 x 107> mm (1.0
x 10~ % in.) resolution. This resolution is 2-3 orders of
magnitude smaller than the operating range of
measured naphthalene sublimation. The LVDT is
connected to an electronically compatible signal
conditioner (CAS-025) which supplies excitation and
converts the A.C. signal output of the gauge to a D.C.
voltage, and allows necessary adjustment and
calibration by the user. The output of the conditioner is
calibrated to provide a signal of 1 V per 0.0254 mm
(0.001 in.).

For data acquisition, one may consider that a
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Z-AXIS

POSITIONER
i

DEPTH GAUGE {LVDT)
TO SIGNAL CONDITIONER

AL TS NNTY

SITIITIIIRIRITRITITIIVINY

STEPPER MOTOR 7

TEST PLATE ce

Lol |l

/x-:\xls
POSITIONER

STEPPER MOTOR By

F1G. 3. Positioning system.

measurement cycle starts when the motors have
received the programmed command from the
controller, and then moved the depth gauge to a
designated location on the naphthalene surface. This
location is represented by X and Z coordinates. After
an adjustable delay period of 0.1-1 s, a trigger signal
from a custom-made trigger circuit is generated. On
receipt of the trigger signal, the multimeter reads the
voltage output of the conditioner and displays it
digitally. The motion-complete trigger signal simplifies
programming, ensures the system having synchronized
operation throughout the whole measurement process,
and optimizes the rate of data acquisition. The value of
y determined by the multimeter is transferred to the
HP-85 through the IEEE-488 bus. The X and Z
coordinates had been predetermined in the program.
Moreover, the data are transferred out of the HP-85 via
a RS-232 interface connection to a PDP-11/34
minicomputer for further data reduction and evalu-
ation. This concludes a single measurement cycle, and
the system is now ready to instruct the motors to begin
the next movement. This repeatable measurement
process ends when all the designated locations on the
naphthalene surface have been visited.

The measurement procedure for the present
experiment is programmed to go over a rectangular
area on the X—Z plane with specified step lengths in
bothdirections. It covers an area of 45.7 mm (Z-axis) by
76.2 mm (X-axis) on the naphthalene surface with a
total of 1025 (25x41) discrete points and takes
approximately 18 min for data acquisition and storage.

Data reduction procedure

Measurements of the naphthalene surfaces profiles
are taken before and after exposure in the wind tunnel.
The change in naphthalene thickness or depth
sublimed is determined by taking the difference of the
two measured surface elevations at given (X,Z)
position.

To obtain the surface profile, a datum plane is

determined by recording all the spatial coordinates
(X, y, Z) at any three reference points on the metal part
of the test plate. Then the naphthalene surface elevation
at any designated point can be evaluated as the
measured y-coordinate in reference to that of the same
point on the datum plane. The controller, HP-85
microcomputer, stores the (X, Z) coordinates of each
reference point for the purpose of ensuring the same
three points will be visited after a test run. The same
reference plane presumably is obtained so long as the
identical set of reference points are used on the non-
subliming surface. A number of preliminary tests
showed this assumption s valid to an extent of less than
2% error of the average sublimation depth. The average
sublimation depth is about 0.05 mm (0.002 in.).

Most of the data reduction procedures are conducted
with the PDP-11/34 minicomputer. A graphics
subsystem including a Hewlett Packard 2647A
graphics terminal and 9872A plotter are directly
connected to the PDP-11/34, so results from the
measurements can be plotted if desired. Nevertheless,
for the present study, the reduced data were also
transferred from the PDP-11/34 to the University
Computer Center CDC Cyber-74 main frame
computer. The Cyber system equipped with a three-
dimensional graphic package, MNPLOT allows the
user to generate three-dimensional plots.

RESULTS AND DISCUSSION

The mass transfer distributions are normalized using
measurements made on a flat naphthalene plate
without a protruding cylinder in the same tunnel
operating with the same flow parameters. On this plate
thelocal Stanton number, St averaged over the span (Z)
of the plate (there is actually little variation along Z),
shows a power law dependency on the streamwise
coordinate(X),St, ~ X ~ %18, This compares favorably
with a correlation recommended by Reynolds et al.
[16] for heat transfer from a flat plate to a turbulent
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X/D
-2.0 -1.0 0.0 1.0 20 30 4.0 5.0
-2.0 " ] 1 " 1 i ] 1 n 1 I —]
-1.0
Z/D 0.0
1.0
E H/D=1
J CONTOUR VALUES
20 1.5,20,25,3.0,3.5,4.0,4.5

F1G. 4. §t/St, for short cylinder, H/D = 1.

boundary layer with zero freestream pressure gradient,
though the absolute values of Stanton number are
somewhat less probably due to the inactive starting
length. The influence of the protruding cylinder on the
wall mass transfer is presented in terms of a point-by-
point ratio of the Stanton number with or without the
cylinder present, St/St,. Contour plots of St/St,, for the
two geometries (H/D = 1 and 12) are shown in Figs. 4
and 5. Figure 6 shows three-dimensional projection
plots of St/St, viewed from downstream of the cylinder
toward the upstream direction. Figure 7 presents the
spanwise-averaged (for —1.8 < Z/D < 1.8) mass
transfer coefficient in the form of St/St,. This includes
the area with zero mass transfer under the cylinder.
Figures 8 and 9 show the variation of St/St, along the
streamwise direction (X/D) at several Z locations.
The mass transfer upstream of the cylinder is little
affected by the difference in cylinder height. With either
cylinder St/St, is close to unity until about one diameter
upstream of the cylinder’s leading edge. Downstream of

this location St/St, increases with X along the line of
symmetry (Z/D = 0) reaching a maximum about 0.2D
ahead of the cylinder surface. In addition to the
upstream maximum at Z/D =0, there are two
symmetrically located local maxima, one on each side
of the cylinder. The mass transfer variation can be
qualitatively explained by reference to the flow pattern.
The boundary layer of the approaching flow separates
in a three-dimensional manner, and induces a
secondary flow wrapped around the base of the
cylinder creating a horseshoe vortex system. This flow
produces high shear stress on the wall beneath it,
accordingly, St/St, is large. Within the three-
dimensional separated boundary layer, the pressure
field causes fluid to skew around the cylinder in a helical
fashion creating vortices with a streamwise component.

Immediately downstream of the cylinder, relatively
little mass transfer occurs, this is a recirculation region
with low speed air flow. At larger X, St/St, increases
with distance downstream along the line of symmetry

X/D
- - X 4.0 5.0
2030 S L R LU A S
-1.0
Z/D 0.0
1.0
p H/D=i2
CONTOUR VALUES:
2.0 1.5, 2.0, 2.5,3.0,3.5,4.0,4.5

FiG. 5. St/St,, for tall cylinder, H/D = 12.
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Fi1G. 9. Local Stanton number for tall cylinder, H/D = 12.

reaching another maximum in the reattachment zone.
Although the recirculation region and local maxima
are present with both geometries, their characteristics,
sizes and shapes are quite different for the two different
cylinders. For H/D = 1, the flow separates from the top
edge of the cylinder and creates a shear layer with high
entrainment into the recirculation region. The
curvature of these streamlines results in strong
turbulent eddies and shear stress, this reduces the
length of the recirculation region and enhances the
mass transfer in the reattachment zone. Reattachment,
as determined from the rise in mass transfer coefficient,
is at about 1.5D and 3.0D downstream of the
downstream edge of the short and tall cylinders
respectively. Values of St/St, in the reattachment zone
are about 15-209%, greater with the shorter cylinder
than with the taller one.

The very high mass transfer rate adjacent to the
cylinder persists further downstream in the case of the
taller cylinder. However, at most Z locations the effects
of increased mass transfer extend further downstream
with the shorter cylinder. Thus the spanwise-averaged
mass transfer (—1.8 € Z/D < 1.8) is larger with the
shorter cylinder for X/D greater than about 1.0. The
influence ofa small, but very intense vortex indicated by
the mass transfer from a cylinder near its base [13] was
not observed on the wall in the present study. This may
be due to different flow conditions; for instance, much
smaller Reynolds number in present work, or larger
sizes of probe tip and step increment in the present
study as compared to ref. [13].

The value of the mass transfer averaged over the
entire measurement domain (—1.5 € X/D <4.5;
—1.8<Z/D < 1.8) was determined by numerical
integration. This area averaged mass transfer rate
divided by thaton the surface with nocylinder present is
1.85 for the short cylinder and 1.68 for the tall one(note

that this includes the area under the cylinder where the
mass transfer is zero when the cylinder is present).

CONCLUSIONS

A computer-controlled automated data-acquisition
system is very effective for rapid and precise
measurement of local convective (subliming) mass
transfer in the region of a cylinder-wall interaction.
Extension of the system to non-flat geometries is also
possible.

The present experimental results show the effects of a
horseshoe vortex flow around a circular cylinder
protruding from a flat surface exposed to a uniform
freestream. Quantitative information on the effect of
surface mass transfer is obtained. Different cylinder
heights (1 and 12 diameters) provide different mass
transfer distributions. A non-uniform mass transfer
rate along with a number of local maxima are observed
immediately in front of the cylinder, along the side of the
cylinder and downstream of the cylinder. In the
downstream region, higher mass transfer generally
occurs with the shorter cylinder as compared to the
taller one.
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MESURE DU TRANSFERT MASSIQUE LOCAL SUR UNE SURFACE AU VOISINAGE DE
LA BASE D’'UNE EXCROISSANCE CYLINDRIQUE AVEC UN SYSTEME D’ACQUISITION
DE DONNEES

Résumé— Un systéme automatique d’acquisition de données est utilisé pour étudier les caractéristiques du
transfert de masse sur une surface plane de naphtaléne en sublimation sur laquelle une excroissance
cylindrique est posée avec 'axe perpendiculaire a la surface. Deux cylindres, avec des rapports hauteur sur
diamétre différents, sont étudiés. Les expériences indiquent que la hauteur du cylindre influence la distribution
dutransfert massique dansla région inférieure du cylindre tandis qu’elle a un effet trés faible au sommet. Le flux
massique moyen sur le domaine complet de mesure est environ 8%, plus élevé avec le cylindre plus court, par
rapport au plus long. Les mesures montrent que le systéme automatique peut fournier une expérimentation
commode et précise.

AUTOMATISCHE MESSUNG DES ORTLICHEN STOFFUBERGANGS AN EINER
OBERFLACHE, AUS DER EIN ZYLINDER SENKRECHT HERAUSRAGT

Zusammenfassung— Ein computergesteuertes automatisches MeBwerterfassungssystem wird eingesetzt, um
den Stoffiibergang einer sublimierenden flachen Naphthalinschicht zu untersuchen, auf welcher ein senkrecht
hervorstehender Zylinder befestigt ist. Zwei Zylinder mit verschiedenen Verhdltnissen von Héhe zu
Durchmesser (1 und 12) werden untersucht. Die Experimente zeigen, daB die ZylinderhShe die Ortliche
Stoffiibergangsverteilung im stromabwirts gelegenen Gebiet des Zylinders beeinfluBt, wihrend sie
stromaufwirts wenig EinfluB zeigt. Der mittlere Stoffiibergangskoeffizient iiber das gesamte MeBgebiet ist
ungefihr 8% gréBer beim kiirzeren Zylinder, verglichen mit dem lingeren Zylinder. Die Messungen zeigen,
daB man mit dem automatischen MeBwerterfassungssystem eine gute experimentelle Genauigkeit und einen
bequemen MeBablauf erreichen kann.

M3MEPEHUA JTOKAJIBHOI'O TEIMMJIOOBMEHA HA MOBEPXHOCTHU ¥ COCHOBAHHUA
BLICTVITAIOUIEI'O UMJIUHIPA C IMOMOLIbIO ABTOMATU3UPOBAHHON CUCTEMBEI

Annotaums— /17151 MccileJOBAaHHMA XapaKTEPHCTHK Macconepenoca cyOIHMHpPYIOILEH NOBEPXHOCTH HadTa-
TMHA, Ha KOTOPOH YCTAHOBJIEH BBICTYNAIOLMHA UHIHHAP, OCb KOTOPOrO NEPreHIHKYIAPHA NOBEPXHOCTH,
IIPHMEHAETC ABTOMATH3UPOBaHHAf CHCTeMa KOHTposis M obpaboTku HHpopMmauuu. HMcciaenopaHbl
JBA LWMIHHAPA C PA3JHYHBIMH OTHOLIEHMSIMH BbICOTbl K OuameTpy (1 u 12). OnbiTel noka3zanu, 4TO
BBICOTA LIMJIMHAPA BIMSET HA Pacnpelie/ieHHe JIOKaJIbHOTO MacCOOOMEHA BHH3 110 TEYEHHIO, TOrJa Kak
BBEPX 110 TEYEHHIO TO BAHAHHME He3HauuTeabHO. CpellHAs CKOPOCTh MacconepeHoca BO Beel obnacTu
M3IMepeHHIt Ha 8V, BblIE Y HU3KKX LWHJIMHIPOB 10 CPABHEHHIO ¢ BbICOKMMH. M3MepeHuHs nokasbiBaioT,
YTO ABTOMATH3HPOBAHHAA CHCTEMa OOECTIEYMBAET XOPOLUYIO TOYHOCTb IKCMEPMMEHTa M yaoGHa B

pabore.



