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Abstract-Visualization and flow measurements were performed for the flow field radially beyond the 
rims of isolated flat circular disks rotating in their own planes. The investigation included effects of 
disk thickness and speed of rotation. Flow in the near-rim region has similarities to that of the near-wake 
region of bluff-tailed bodies, with vortices being found there. In the same region there is a large negative 
radial gradient of whirl velocity. Further from the disk rim the flow becomes a jet with straight mean 

streamlines. The relative degree of swirl in the far-jet varies with disk thickness and speed. 

NOMENCLATURE 

0. angle of yaw; 

t, thickness of disk : 
w angular velocity; 
r. radial distance from axis: 
r0. disk radius; 
Ret, Reynolds number at rim; 
1’5 kinematic viscosity. 

INTRODUCTlON 

THE ROTATING disk provides an attractive fluid mech- 
anical problem: it has a three-dimensional boundary 
layer whose laminar motion can be found as an exact 
solution of the Navier-Stokes equations [1,2] and 
which presents an interesting stability problem [3]. 
Such theories, and some elaborations involving the 
presence of other moving or stationary surfaces nearby, 
e.g. [4], do not consider disks with a finite overall 
radius. Real disks are always of finite radius, and in 
consequence two questions arise: how does this affect 
the flow on the disk surfaces. and what happens to 
the fluid flowing outwards on the disk surface when 
it reaches and passes the rim? Experimental investi- 
gation of overall rotating disk friction has shown that 
rim width has a very considerable effect on the overall 
friction coefficient [S]. This has led experimenters to 
use very thin disks-even of thin paper--to measure 
disk friction. In heat-transfer experiments it has been 
found necessary to fit guard heaters at the disk rim 
to compensate for large heat losses [6]. Clearly, such 
edge effects are associated with the fluid motion at the 
rim. Chanaud, in experiments with a single disk rotating 
at one speed [7] found evidence of vortices at the rim 
and a radial jet with swirl extending beyond this. The 
object of the present paper is to present data for 
rotating disks of various thicknesses and speeds, the 
effects of variations of these not having been reported 
previously. 

The terms and coordinates used in this paper are 
illustrated in Fig. 1. Only plane. smooth-surfaced disks 
were used. The possible variations of shape of the rim 
are letion. Straight, solid rims were used except in one 
part of the flow visualization studies. 
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FIG. 1. Coordinates and terms used in describing the flow 
beyond a rotating disk. 

EXPERIMENTS 

The objects of the experiments were firstly to obtain 
some knowledge of the order of velocities and the 
pattern of flow in the near-disk jet and secondly to 
study questions of particular interest, such as the effects 
of disk thickness and radius, the effect of the rim flow 
on flow on the disk faces and the effect of disk speed. 

The human hand is a crude but useful anemometer, 
sensitive to both heat transfer (low velocities) and 
dynamic pressure (high velocities). Using it to “feel” 
the jet coming from a rotating disk, two features of 
the flow are immediately apparent: first, the jet flowing 
radially from the disk is very weak. even when the 
disk is rotating fast--the speed of the airflow falls below 
104; of the rim speed quite close to the rim-and is 
felt to die away as the hand is moved away from the 
rim. Secondly, the flow is felt to be irregular, or 
“lumpy”--the hand is sensitive only to frkquencies 
below 1 Hz or so, but in this region a number of 
irregular pulses can be felt. 
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Flow kualization 
Because the flow velocities were reasonably low, flow 

visualization was attempted. using both titanium tetra- 
chloride and paraffin smoke. It was immediately seen 
that the how in the disk-edge jet was turbulent. This 
was observed over the complete range of disk sizes and 
speeds used-about 4-25 cm in radius, and 100-2700 
revjmin. The existence of the turbulence is hardly sur- 
prising in view of the intrinsically unstable flow 

configuration. 
Visualization of the flow on the disk faces, particu- 

larly near the edge, showed it to be completely regular 
right up the disk edge and unaffected by the rim flow 
to within a boundary-layer thickness of the edge. At 
the edge, the pattern of flow was seen to change 
rapidly. The flow became irregular, considerable en- 
trainment occurred, and the flow spread rapidly in the 
axial direction. Vortices were seen to form just above 
the edge. The vortices were more readily seen on thick 
disks than on thin disks, where the vortices seemed to 
interfere with each other. Also, it was easier to see the 
vortices at low disk speeds than at high speeds, either 
because of the greater difficulty of smoke visualization 
at high speeds or because of some change in the flow 
pattern, such as a reduction in vortex size. The vortices 
appeared to be about four times as long in the direction 
of flow as they were wide across the main direction 
of flow. 

The vortices formed at each edge could be seen very 
clearly in a modified configuration. .4 hollow rotating 
disk was constructed from two solid metal disks with 
a modest gap (about 3mm) between them. One disk 
had a small hole at its center and a short brass tube 
soldered axially to this. Laboratory gas was supplied 
to the inter-disk gap from a stationary tube which was 
a close sliding fit in the brass tube. The rim of this 
disk configuration was. of course, different from a solid 
rim: with a radial outflow of gas from the rim slot, 
one might expect a reduced tendency of the airflow 
from the disk faces to form vortices on passing the 
edges. With a relatively large gas supply rate to the 
disk core a smooth, steady diffusion game could be 
stabilized on the rim of the rotating disk. As the gas 
flow rate was reduced, the disk speed being held con- 
stant, the flame reduced in size. became very noisy and 
could be clearly seen to be composed of many discrete 
vortices at the disk edge. Each vortex seemed to be 
distorted somewhat by the high rate of change of 
velocity in the tangential direction at the disk edge. 
Further reduction of the gas flow soon resulted in 
flame blow-out. The same sequence of phenomena was 
observed when the gas supply was held constant and 
the disk speed progressively increased. 

Flow measurements 
Because the flow beyond the rotating disk has rather 

small velocities, while spreading out as a large disk of 
its own, it is very sensitive to disturbances, which can 
deflect the flow from a planar-symmetric form quite 
easily. A nearby stationary surface, or natural convec- 
tion from a disk-driving electric motor, for example, 

can cause considerable deflections. Care was taken to 
eliminate such sources ofdifficulty. Measurements were 
made with disks rotating in a vertical plane. Thermal 
anemometers and yaw-meters were used for measure- 
ment after appropriate calibration. The yaw meters 
had a sensitivity of &OS” arc. 

The rapid spread of the disk flow in the axial 
direction just beyond the rim is dramatically illus- 
trated in Fig. 2, which shows velocity isopleths in the 
region radially beyond a thin rotating disk. For the 
conditions pertaining in this experiment. measurements 
of velocity profiles at a set of neighboring radii pro- 
vided an estimate of the mean axial velocity associated 
with entrainment in the near-rim region of 12.5ft,s 
(from continuity considerations); the axial inflow vel- 
ocity towards the laminar boundary layer on the disk 
face under the same conditions was 0.4ftis. Chanaud 
[7] also remarked upon the very rapid axial growth 
of the disk flow immediately beyond the rim with his 
disk on which the boundary layers were turbulent. 

Contours of 
I \ 

constant velocity 

FIG. 2. Velocity isopleths in the near-disk 
jet for a disk radius 86mm and thickness 
t = 0.8 mm rotating in air at 1820 rev/min. 
The larninar disk surface boundary-layer 

thickness _ 2 mm. 

The most extensive set of measurements was taken 
with a series of disks 10.7cm in radius and several 
different thicknesses. The angle of yaw was measured 
in the center plane at different radii and disk speeds. 
Figure 3 illustrates the effect of a ten-fold increase of 
speed on the flow from a disk of one thickness; at 
low speeds an inflection was observed in the angle of 
yaw close to the rim, but this disappeared as the speed 
was increased. Figure 4 illustrates the effects of thick- 
ness at lower disk speeds and higher disk speeds 
separately; at low disk speeds the angle of yaw close 
to the rim fell progressively as the disk thickness 
increased, as found at higher disk speeds also but with 
a smaller range of yaw angle. Mean flow lines are 
illustrated in Fig. 5 for two different disk thicknesses. 
The curvature of the lines close to the rim and the 
straightening of the fow lines at larger radii can be 
seen. The radius to which curvature persists appears 
greater for wider disks. The same figure shows a graph 
of the initial rate of change of angle of yaw with 
respect to radius as a function of the reciprocal of rim 
width (on a logarithmic scale). Experiments with thin 
disks fitted with T-rims (idealized flywheels) indicated 
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FIG. 3. Angle of yaw measured in center plane of 
disk jet as a function of distance from the disk 
rim at various disk speeds. Disk of radius 10.7 cm 

and 0.35 mm thickness rotating in still an. 
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FIG. 4. Angle of yaw measured in center plane of disk jet 
as a function of distance from the disk rim. Disks of radius 

10.7 cm and various thicknesses rotating in still air. 

that the rim flow was similar to that produced by thick 
disks of the same thickness as the width of the rim. 
Such experiments were performed with thin rims (about 
0.13 mm). 

Transverses of yaw angle across the disk jet were 
made. The angle of yaw in planes parallel to the disk 
center plane was relatively constant over most of the 
width of the jet, the angle perhaps increasing at the 
edge of the jet. The latter result is tentative because 
the angle of yaw in the plane through the axis of 
rotation was not insignificant near the edge of the jet 
in the near-rim region and this handicapped measure- 
ment. Chanaud observed a marked loss of sensitivity 
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FIG. 5. (a) Mean flow lines in center plane of disk jet. Close 
to the rim the lines are curved; at larger radii they become 
straight. (b) Rate of change of angle of yaw with respect to 
radius close to the rim: effect of disk thickness. Disk radius 

10.7 cm, speed - 400 rev/min. 

of his yawmeter in the same region which he attributed 
to the same cause. 

In general the mean angle of yaw appeared to be 
steady throughout the traverses made. Variations were 
observed, however, with thicker disks, e.g. with a disk 
of 28 mm thickness irregular variations of the order of 
a few degrees and with a period of the order of 30s 
were seen. 

Measurements of total velocity were also made. The 
variation with distance from the disk rim of the 
product, total velocity x radius, is shown in Fig. 6 for 
the jet center plane. The product tends to a constant 
value. from above, at large radii. The effect of disk 

4 6 

2, 

\+“-_, 

z 4 X-x. 

-0 
P 

i 

x r(++xlLX_X_X_ 

1485 revlmin 
= % 2 
I= 

I I I I 
0 I 2 3 4 

Chstorice from dljk rim, m 

FIG. 6. Variation of the product. total velocity times radius. 
with distance from the disk rim in the center plane of a jet 

from a disk 10.7 cm radius and 0.35 mm thick. 
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Disk speed. rev/min 

FIG. 7. Effect of disk speed on total 
velocity at fixed positions in jet 

center plane. Disk 10.7cm radius 
and 0.35 mm thick. 

speed on the total velocity at fixed positions in the 
center plane, for the same disk, is illustrated in Fig. 7. 

Following an initially rapid rise of total velocity with 

speed, further rise occurs at a lower, uniform rate; 
the transition between rates of rise coincides with the 
downward shift of the angle of yaw close to the disk 
rim with increase in speed and presumably reflects 
changes in detail of the flow pattern. Traverses across 
the disk jet were made parallel to the axial direction; 
symmetric, bell-shaped profiles were obtained, mostly 
corresponding to transitional profiles as illustrated by 
Chanaud, and are not illustrated here. 

Observations of heat transfer from the rim of a 
rotating disk 25.1 cm radius and 2.86cm thick were 
obtained in connection with another investigation. This 
disk was fitted with a separately-powered rim guard 
heater which yielded data on heat transfer from the 
isothermal disk rim. The heat-transfer coefficients were 
above those for a long cylinder at comparable Reynolds 
numbers. They also rose rapidly with increase in Re 

when the face boundary layer was laminar, and even 
more rapidly when the boundary layer had undergone 
transition on the disk face. 

DISCUSSION 

The flow due to an isolated rotating disk radially 
beyond its rim has the appearance of a radial jet with 
swiil. especially at large radii. Close to the rim the flow 
has some likeness to the wake of a bluff body. At 
intermediate radii the flow would appear to settle into 
a roughly self-similar pattern in which specific details 
of flow associated with the disk edge become progress- 
ively indistinguishable. This is like the behavior of 
familiar two-dimensional jets and wakes: these can be 

divided into near-jet (e.g. potential core) or near-wake 
(e.g. Krirmin yortex formation) regions, and far-jet or 
far-wake regions. 

Turbulent nature of theflow 
Jets and wakes, even when two-dimensional. have 

an intrinsically low stability and undergo transition 
from laminar to turbulent flow at quite small Reynolds 
numbers. A theory for laminar radial jets without 
swirl was developed several years ago by Squire [8]; 
he found that the center-plane radial velocity decreases 
inversely with increase in radius. .4 similar variation 
would be expected in a turbulent radial jet when the 
usual self-similar jet profile is assumed. with mixing- 
length proportional to local jet width. When rotation 
is added to such a jet another cause for instability is 
added. There is a negative radial gradient of tangential 
(swirl) velocity, a Bow configuration whose instability 
was so well demonstrated by Taylor with concentric 
cylinders. All the experiments described here were 
apparently at conditions sufficient to cause turbulence 
in the jet flow. 

Flow close to the rim: cortices 

The flow radially just beyond the rim was observed 
to involve a fairly regular array of vortices. The Row 
at the rear of bluff-tailed bodies transverse to a stream 
involves vortices in the near-wake region over a wide 
range of Reynolds numbers, and the associated flow 
patterns are known to possess manifold subtleties while 
preserving the gross vortex structure. If the Row over 
the disk faces is somewhat analogous to the attached 
flow over a bluff-tailed body, examination of the 
laminar solution [ 1.21 or turbulent boundary-layer 
approximation [9, lo] showS that the average flow 
approaches the edge at a finite angle of yaw, and not 
radially. Consequently, if one is to look for some 
analogy in wake Rows it should be for a body with a 
yawed tail. Very little seems to have been reported for 
such configurations: the study of the flow behind 
yawed cylinders by Surry [ll] would appear to offer 
the greatest prospect of comparison. He observed the 
formation of vortices persisted in position for some 
time rather than being continuously formed and shed 
into a K&man street. 

Two differences from bluff-tailed body wakes may be 
significant with the rotating disk. One is that the radial 
momentum of the disk face boundary layers is modest 
enough to allow the mean flow to expand rapidly in 
the axial direction, as can be seen in Fig. 2 (also in 
Fig. 5 of [12], where an axial growth to the right is 
seen above the disk rim even though the radial disk 
jet is deflected strongly to the left). The second is that 
the vortices may sometimes have their vortex lines in 
skewed hairpin form, with the tips on the disk rim and 
the bend radially outward from the rim; then, in the 
presence of a negative radial gradient of mean angular 
velocity about the disk axis, the vortex lines could be 
stretched, leading to intensification of the corticity. 

A rim Reynolds number can be defined as ReR = 
wRt/v. While the incidence of flows with inflections in 
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the angle of yaw as measured in the Center plane is 
greater at smaller ReR for a given disk. it is not a 
sufficient variable to correlate the set of angle of yaw 
measurements for different disk thicknesses and speeds. 
Moreover, while the inflections disappeared at larger 
ReR here (where the face boundary layer was laminar). 
an inflection was found by Chanaud [7] when ReR 
was much larger (but the face boundary layer was 
turbulent). 

Considering further the structure of the Sow at the 
disk rim. it is seen that the pressure in the region at 
and just beyond the rim is below that of the surround- 
ing fluid: a pressure drop is needed to accelerate fluid 
axially entrained from thg surroundings. The surface 
pressure on the rim should fluctuate because of the 
movement of the vortices. This pressure and its tluctu- 
ations should have no direct effect on the disk drag, in 
contrast to effects of separated flow regions on drag of 
biuff-tailed bodies. 

An adequate set of measurements is not available to 
detail the changes that occur in the rim region flow 
when the boundary layer on the disk faces passes from 
laminar to turbulent as the disk Reynolds number is 
increased. Measurements of heat transfer from the rim 
indicate a shift in the rim-Nusselt number vs Reynolds 
number relation at the transition Reynolds number for 
the disk face boundary layer. a shift that probably 
reflects some changes in flow pattern. 

Tangential shear at the disk rim 
The large radial gradient of tangential velocity im- 

mediately above the disk rim, and the associated 
entrainment of fresh fluid in that region, explain 
qualitatively the observations of the effects of disk rims 
on overall disk friction and overall heat transfer. The 
total torque-associated with drag on both disk faces 
and the disk rim-must manifest itself as the angular 
momentum flux of the disk jet. It was this very principle 
that was used by Davies in his studies of disk drag, 
in which he suspended the disks and their driving motor 
on a torsion wire and measured the net torque exerted 
on the atmosphere. 

The shape of the rim used in the experiments reported 
here corresponded to that of a very short cylinder. 
The turbulent flow associated with a long rotating 
cylinder was investigated ~eoretically by Kays and 
Bjorklund [13] and the friction coefficient measured, 
e.g. by Theodorsen and Regier [14]. However, Davies 
found that the friction coefficient on the rim of a disk 
was considerably greater than that on a corresponding 
cylinder. He also found that the ratio of friction coef- 
ficients of the disk rim and the long cylinder was a 
function of the rim width. The friction of the disk rim 
became nearer to that on the long cylinder as the rim 
became wider. This suggests on the one hand that the 
friction on the disk rim is a function of the axial 
direction, and on the other hand it also corresponds to 
the effect of disk thickness suggested by the present 
experiments. On a long rotating cylinder it would be 
expected that the mean flow lines would be circles 
concentric with the cylinder. at least in regions near 

the cylinder; in that region the rate of change of angle 
of yaw with respect to radius would be zero. Values 
of the initial rate of change of the angle of yaw were 
taken for low disk speeds and plotted as a function 
of the reciprocal of thickness, Fig. 5(b). Extrapolation 
to zero rate of change of angle of yaw gave a corre- 
sponding value of l/t of the order of 0.2, that is, a 
thickness of about 5 cm for a disk of 10.7 cm radius. 
This is a very rough estimate, but it does indicate the 
order of size at which flow near the center of a wide 
rim begins to become like that on a long cylinder. By 
the same token, it gives some idea of the distance along 
a rotating cylinder over which end effects may be found. 
The distance would probably be reduced with reduction 
of cylinder radius. Chanaud [7], in making a momen- 
tum integral analysis of the disk jet, considered the 
radial and swirl components of the turbulent boundary 
layer passing from the disk faces at the disk edge, and 
estimated the local ratio of swirl and radial momen- 
tum as 2.02. (He pointed out that experiments [3] did 
not compare well with the profiles assumed by von 
Kirmin [9] from whose analysis the estimate of 2.02 
was made: also Cobb and Saunders [6] noted that 
Kirmtis profiles led to underestimation of heat 
transfer to the turbulent boundary layer.) Thus he did 
not explicitly include effects of the rim shear on the 
whirl momentum. However, in discussing the Karmiin 
[9] and Goldstein [lo) approximations for the turbu- 
lent boundary layer on the face of a rotating disk, 
Davies [5] noted that the constants were adjusted to 
agree with experimental measurements of drag-which 
included corresponding edge effects anyway. The far- 
jet flow lines. Fig. 5(a), indicate that the ratio of swirl 
and radial momentum varies with disk thickness and 
speed. 

Outer regions of the jet 
At large radii the disk jet has seemingly lost structural 

details that reflect details of the disk rim geometry; 
the transverse velocity profiles develop a self-similar 
form, and grow linearly in the axial direction with 
increase in distance from the axis of disk rotation, as 
illustrated by Chanaud [7] (Figs. 3 and 4). The local 
product of total velocity times radius tends to a 
constant value at large radii. These are characteristics 
expected in a simple radial jet. The meanflow stream- 
lines, as determined from yaw me~ur~ents in the 
center plane, are straight. This is not surprising: in the 
outer jet there are no significant radial or tangential 
pressure gradients to cause deflection from straight 
lines. As the radius increases, the streamlines come 
progressively closer to being radial. From this region, 
the straight streamlines can be extrapolated back to 
touch tangentially a circle around the axis of rotation; 
this circle is smaller than the disk itself. The ratio of 
the radius of this circle to that of the disk is a measure 
of the relative swirl in the far-jet; the smaller the ratio 
the smaller the relative swirl is changed by disk thick- 
ness and disk speed. It is notewo~hy that the relative 
swirls in jets, even from relatively thick disks but with 
laminar face boundary layers, are smaller than that 



Riley [i5] and Chanaud [16] presented solutions of 
the boundary-layer equations for a laminar radial jet 
with weak swirl. Riley observes explicitly, and illus- 
trates in his Fig. 1, that the projections of streamlines 
on to a plane normal to the axis for a radial jet with 
swirl are asymptotic to a circle of finite radius. Schwarz 
[17], apparently unaware of Squire’s earlier solution, 
tackled the problem of the laminar radial free jet again 
but added to it a solution for the turbulent radial free 
jet, introducing the assumption of self-similar velocity 
profiles and so on, making use of some data of 
Heskestad [18]. Chanaud [7] pointed out the existence 
of a solution to Schwarz fnst problem with weak swirl 
added. Schwarz and CYNan [ 191 sought solutions for 
turbulent radial jets with swirl. The solutions with swiri 
pertain to weak swirl, in which centrifugal effects are 
neglected. Such solutions are therefore fitted to asymp- 
totic comparison with experimental results, those found 
in the far-jet. It is possible to seek higher-order cor- 
rections appropriate to intermediate radii: such cor- 
rections were discussed by Riley for the laminar radial 
jet with swirl, for example. The problem in comparing 
such analyses with disk-jet experiments is that the inner 
portions of disk jets bear structura1 details which arise for discussions. ’ 
from flow near the rim, and these details are not in- 
corporated in the models: significant comparisons are 
difficult in these circumstances. 

2. Flow in the near-rim region, radially just beyond 
the disk edge, involves rapid entrainment of surround- 
ing fluid, reduction of mean fluid velocity, development 
of turbulence, and formation of a flow pattern reminis- 
cent of flow behind a bluff-tailed body. This flow pattern 
includes the formation of discrete vortices with their 
axes approximately in the azimuthal direction: the 
vortices are more easily seen on thick disks than thin. 
The flow pattern appears to undergo changes with 
increase in disk speed; a change at rim Reynolds 
numbers wRt/v - 100 has been identified from yaw 
and velocity measurements, and another change when 
the face boundary layer passes from laminar to tur- 
bufent is indicated by rim heat transfer me~urements. 

3. As disk thickness is increased, the flow in the 
center plane progressively approaches that of a iong 
rotating cylinder. The relative strength of edge effects 
diminishes as the disk thickness increases. 

4. Further from the disk rim the flow becomes a jet 
with straight (but non-radial) mean streamlines. The 
relative degree of swirl in the far-jet varies with disk 
thickness and speed. The far-jet has properties expected 
of a radial jet with mild swirl. 
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ECOULEMENT AUTOUR D’UN DISQUE TOURNANT ISOLE 

R&sum&Une visualisation et des mesures d’tcoulement ont ete rtalisees dam le sens radial dam le champ 
d’tcoulement autour de disques circulaires plats isoles en rotation dans leur plan. L’ctude tient compte 
des effets de I’ipaisseur du disque et de sa vitesse de rotation. L’ecoulement dans la region situee prts des 
bords est semblable a celui dans le proche sillage d’obstacles a terminaison epaisse avec presence de 
tourbilions. Dans cette meme region on trouve un important gradient radial ntgatif de vitesse de rotation. 
Au dela des bords du disque I’tcoulement devient un jet avec lignes de courant moyennes rectilignes. Le 
degre relatif de rotation dans le jet lointain varie avec I’cpaisseur du disque et sa vitesse de rotation. 

DIE STROMUNG HINTER EINER ISOLIERTEN ROTIERENDEN SCHEIBE 

Zusammenfassung-Es wurde das Stromungsfeld radial auBerhalb der Rander isoherter, flacher. kreis- 
formiger Scheiben, die in ihren eigenen Ebenen rotieren. sichtbar gemacht und vermessen. Dabei wurde 
der Scheibendicke und der Rotationsgeschwindigkeit mit untersucht. In der Nlhe des Scheibenrandes 
weist die Stromung mit Wirbeln eine Ahnlichkeit mit der Totwasserstromung hinter einem Korper mit 
stumpfem Abstromprofil auf. In diesem Bereich tritt ein groI3er negativer Radialgradient der Wirbel- 
geschwindigkeit auf. Weiter entfernt vom Scheibenrand verandert sich die Stromung zu einem Strahl 
mit geradlinigen mittleren Stromhnien. Der relative Drallgrad in diesem entfernteren Strahl verlndert 

sich mit der Scheibendicke und der Rotationsgeschwindigkeit. 

OEiTEKAHME M30JIMPOBAHHOFO BPAIJIAKXIJEFOCII AMCKA 

AmtomqRn- npOBeneHb1 m3yanH3aum H ti3MepeHwe pannanbnoro nonff reqet-nis 38 npenenaMH 

H30nHpOBaHHblX IlnOCKHX KpyVIblX IIHCKOB, BpalUaloUlSiXC~ B CO6CTBeHHbIX I'IJIOCKOCTIIX. MCCneDO- 

Banocb Bmixwie TonuuiHbl mcKa H CKOPOCTH epameeea. TereHsie B nprlneramuefi K Kpam4 mcKa 

o6nacra CXOI~HO c TeYeHHeM B o6nacTe ~6nn3n 6nenoiero Cnena 3a TenaMu nnoxo 06TeKaeMOii 

@OMbI. B 3TO~;KeO6naCTHHM~TMeCTO60JIb~0tiOTpWU~TenbHbI~~aIl~anbHbItl~~a~~eHTOK~y)KHO~ 
CKOPOCTH. AaJIbIUe OT Kpan IlHCKa TeYeHHe IlepeXODiT B CTpyttHOe C ITpRMOnHHe~HblMH J'IHHWRMW 

TOKa. c H3MeHeHHeM TOnIUHHbI W CKOPOCTH BpaIUeHHR LIHCKa H3MeHIIeTCII OTHOCUTenbHaR CTelleHb 

3aBHXpHHJI BnaHHOfi o6nacTHcnena. 


