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ABSTRACT

The presented article examines the determination of hydraulic conditions in the junction sections of bays during the
design of water discharge hydraulic structures, which has important scientific and practical significance. In these areas,
sharp changes in flow regime are observed, during which the flow transitions from a turbulent, i.e., supercritical, state
to a calm, or subcritical state. It has been established that such a transition is possible only through the phenomenon of a
hydraulic jump, which represents a complex hydrodynamic process. Reducing the excess energy of the flow is carried
out by various forms of jumps - bottom or surface type, as well as by the method of free discharge of the jet. The correct
choice of energy dissipation method contributes to the effective reduction of the destructive impact of the flow, ensures the long-
term operational stability of the hydraulic structure, and increases its reliability and safety in various hydrological conditions.

AHHOTANMUA

B mpencraBneHHO cTaThe paccMaTpUBACTCS ONpEeTICHIE THAPABINICCKAX YCIOBUH B yUYaCTKaX COMPSHKEHUS Obe-
(OB TP MPOEKTHPOBAHIH BOJOCOPOCHBIX THAPOTEXHUUECKUX COOPYKEHHH, YTO MMEET BaXKHOE HAYYHOE W MpaKTHIe-
CKOe 3HaueHHe. B TaHHBIX y4acTKax HaO0IAI0TCS PE3KHe N3MEHEHHS PEXKHMa TEUSHHUS, IPH KOTOPBIX TIOTOK NEPEXOHUT
13 OYPHOT0, TO €CTh CYMIEPKPUTHUCCKOTO COCTOSIHUS, B CIIOKOMHOE, MITH CyOKPUTHYECKOE. Y CTaHOBIICHO, YTO MOT00HBIH
MEPEXO0/] BO3MOXKEH UCKITIOYUTCIIBHO MMOCPEACTBOM ABJICHUSA THAPABINYCCKOTO MPBDKKA, ITPEACTABIIAIOIICTO 000 CIIOXK-
HBIH FHI[pO)II/IHaMI/I'-IeCKI/Iﬁ mpouecc. CHmxeHnne U30bITOYHON OHEPIUuu MOTOKA OCYUICCTBJIACTCA Pa3JIMYHBIMU (1)0pMaMI/I
MOPBLKKOB — AOHHOI'O0 MJIM NOBCPXHOCTHOI'O TUIIA, a TAKKEC METOAOM CB060,Z[HOI‘O c6poca CTpyH. HpaBI/IJ'II)HHﬁ BBI60p
croco0a raleHust JHEPruK Croco0CTByeT A3PPEKTUBHOMY CHIXKEHHIO Pa3pyIIUTEIBHOIO BO3IEHCTBHS IOTOKA, obecte-
YHUBACT JOJTOBPEMCHHYIO OKCIIITYATAlITMOHHYO YCTOP'I‘II/IBOCTL TUAPOTECXHUYICCKOTI'O COOPYIKCHUS, MMOBLIIIACT €TI0 Ha}lé)l(-
HOCTB 1 0€30I1aCHOCTH pa60TI>I B pas3/IMYHbIX TUAPOJIOTUYICCKUX YCIOBUAX.

Keywords: erosion, cohesive soil, lower reach, turbulent flow, experiment, flow velocity, aggregate, durability,
model.

KutioueBble cji0Ba. 5po3us, CIICTUIEHHBIN TPYHT, HIDKHEE TeUueHUe, TypOyJIeHTHOE TeUeHHE, SKCIIEPUMEHT, CKOPOCTh
TCUCHUA, arperart, J10JIroB€4HOCTb, MOJICJIb.

Introduction. The bottom-mode connection can This can be explained as follows: in many cases, due
be installed for all types of spillway structures. The dis- to the uneven flow along the length of the discharge
advantage of this mode can be attributed to the signifi- front, the flow structure is disrupted, which subse-
cant and slow attenuation of bottom velocities along the quently leads to an increase in specific discharge. The
length of the section, as well as damage to the elements boundary medium in which the disturbed stream, falling
of the spillway structure due to the rotation of solid ma- into the section of the lower reach where wide channel
terials in the circulation zone. The damper at the junc- erosion occurs, moves, significantly deforms the flow
tion of bottom-hole basins damages the damper plates velocity field and has asignificant influence on the
of the wells when solid materials fall into the wells. stream. Under these conditions, the initial flow velocity

Such a sharp change in the hydraulic regime is char- diagram changes sharply depending on its values on the
acterized by the nature of intensive changes in velocities flow axis, and a sharp decrease in flow velocities occurs
in the longitudinal and transverse sections due to the in the area adjacent to the water circulation zone.
compression of the dam's spillway width relative to the Materials and Methods. Disruption of the kine-
channel width at relatively short distances. This situa- matic structure of such a flow inthe lower reach in-
tion creates conditions for a sharp increase in flow rate creases local erosion in the deformable channel, disrupts
and velocity compared to the rear calm flow regime. the transportation of sediments and their accumulation
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in the designated area of the reach, and stops their entry
into the lower reach. Such conditions negatively affect
the operating mode of the structure. For example, an in-
crease in hydrodynamic pressure and velocity pulsations
in the deformable section after the risberm intensifies
the total erosion of the channel, which leads to a de-
crease inthe water level and an increase in the head
of the structure. Local erosion, which occurs in this
case, creates conditions for the erosion of the structure
and requires the development of special additional
measures to prevent it.

If the lower reach of the hydraulic structure consists
of rapidly eroding soil, then for effective dissipation
of the energy of the flowing water, the contact of the
lower reach levels should be in the form of bottom
or surface hydraulic jumps.

At the junction of the flow from the spillway with
the lower reach, where the velocity distribution along
the flow depth is uneven, high velocities are observed
in the section of the transit flow. To the center of the wa-
ter circulation zone, the flow velocity sharply decreases
to zero and in subsequent cases is replaced by velocities
of the opposite direction from a separate transit stream
to the water circulation boundary. Inthe lower reach,
at the boundaries of the energy dissipator and the fixed
one, the flow velocities gradually equalize along the
depth, and during its interaction with various dissipators,
a redistribution of flow velocities occurs.

Depending on the length of the risberm in the lower
reach, the flow atthe end of the risberm can bein

a smoothly changing uniform state of the flow regime
or in arapidly changing uneven state after the risberm
in the form of an undamped hydraulic jump in a wave-
like state. In the subsequent form of the noted flow, the
averaged velocity distribution has a complex shape, ex-
ceeding the velocity pulsations of the smooth flow.
In the local washing funnel after the risberm, a signifi-
cant transfer of the velocity field occurs. In this case, the
distribution of averaged velocities along the depth of the
washing funnel depends on the degree of excess energy
dissipation, the shape of the washing funnel, the distri-
bution of specific costs, and other factors.

The movement of water in spillway structures has
a flow characteristic. The movement of the flow in ex-
panding channels, in which the water circulation zone
arises, has a more complex character compared to the
movement of smooth streams ina confined medium.
Under these conditions, the flow retains the characteristics
of its main jet flow, which in the first approximation can
be considered as a turbulent flow with a smooth or rough
bottom along the width of the bounded channel.

Results and Discussion. Based on the available
data and experimental data, the goal was set to study the
kinematic structure of the flow in the erosion funnel
in the bound soil section of the lower reach, to establish
the necessary relationships between the distribution
of flow velocities by depth to determine the maximum
depth of erosion and the shape of this erosion funnel.

Table 1.
Laboratory data obtained under the influence of a wave hydraulic jump

N Istv ”stv IIIstv IVstv Vstv Vlstv
v [y Ly, fhg [l vy [0 v, [ he [ dg | v | hg | g | v
0,28 0,34 0,34 0,45 0,55 0,47
0,37 0,32 0,32 0,5 0,48 0,35
1.1 |0.045| 0,10 0.35 0,05 | 0,20 0.25 0,065 | 0,30 0.25 0,06 | 0,40 0,48 0,04 | 0,50 0.4 0,035 | 0.60 0.26
0,25 0,19 0,19 0,35 0,32 0,22
0,6 0,55 0,55 0,69 0,43 0,39
0,67 0,64 0,64 0,71 0,47 0,4
1.2 {0,052 | 0,10 0.63 0,06 | 0,20 0.63 0,068 | 0,30 0.63 0,065 0,40 0.69 0,045 0,50 0.46 0,04 | 0.60 0.35
0,53 0,6 0,6 0,65 0,45 0,28
0,45 0,35 0,35 0,75 0,50 0,38
0,81 0,45 0,45 0,68 0,48 0,42
1.3 10,055 0,10 0.87 0,065 | 0,20 0,42 0,07 | 0,30 0,42 0,068 | 0,40 0.55 0,050 | 0,50 0,42 0,045 | 0.60 0,45
0,8 0,35 0,35 0,42 0,35 0,38
0,82 0,81 0,81 0,87 0,71 0,65
0,83 0,88 0,88 0,97 0,82 0,72
1.4 10,062 | 0,10 0.85 0,07 | 0,20 0.93 0,076 | 0,30 0.93 0,073 | 0,40 0.94 0,055 | 0,50 0.79 0,05 | 0.60 0.69
0,80 0,90 0,90 0,85 0,76 0,65
0,86 0,84 0,84 0,88 0,81 0,78
0,84 0,88 0,88 0,84 0,79 0,74
1.5 0,065 | 0,10 0.78 0,075 | 0,20 0.90 0,08 | 0,30 0,90 0,076 | 0,40 0.80 0,065 | 0,50 0.72 0,055 | 0.60 0.65
0,65 0,82 0,82 0,75 0,65 0,60
0,92 0,94 0,94 0,85 0,83 0,82
0,95 0,92 0,92 0,96 0,95 0,95
1.6 | 0,068 | 0,10 0.88 0,080 | 0,20 0.85 0,09 | 0,30 0.85 0,085 | 0,40 0.94 0,075 | 0,50 0.90 0,06 | 0.60 0.8
0,82 0,79 0,79 0,83 0,83 0,75
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We will try to find asolution to the above-men-
tioned problem. To simplify the calculation, we enter
the data into Table 1.

Fig. 1...3 shows the distribution of flow velocities
measured in the sections along the washing funnel, oc-
curring at the beginning of the deformable section of the
channel after the wave jump (Table 1).

Inmitial relief
15 -
20 -
0 20 40 60 sm/s
25 [ 1 1 1 1 1
0 10 20 30 40 50 60
Xsm

Figure 1. Distribution of flow velocity in the washing funnel

When the water flow flowing from the end of the
risberm enters the channel of deformable cohesive soil,
anumber of features arise inthe erosion mechanism
when the flow acts on the cohesive soil. At the begin-
ning of the washing period, fine clay particles are
washed away under the influence of the flow, and then
during the further influence of the flow, the breakage
of the aggregates, i.e., the washing process, is observed
(Fig. 1). At the beginning of the washing funnel, this sit-
uation occurred quickly, and subsequently, the break-
down of large-diameter units began. This situation
continued along the slope of the washing funnel en-
trance (Fig. 1). With the appearance of a washing fun-
nel, the dimensions of the detachable units are
significantly reduced. The diameter of the detachable
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aggregates, of course, largely depends on the texture
and structure of the cohesive soil, but mainly on the
scale of turbulence of the flow in the washing funnel.
This state continued until the current of the washing fun-
nel reached its maximum depth (Fig. 1). Also, an in-
crease in bottom velocities was observed at the bottom
of the washing funnel from the beginning to the end.

In the sections after the maximum washing of the
washing funnel, the flow velocity gradually increases,
and after the degree of influence of the funnel decreases,
the flow velocity equalizes. Correspondingly, the distri-
bution of prime velocities also occurs.

The distribution of flow velocities occurring in the
washing funnel showed similarity in other experiments
(Fig. 1....3).
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Figure 2. Distribution of flow velocity in the washing funnel

10- Initial relief

Figure 3. Distribution of flow velocity in the washing funnel

Field studies were conducted on the intersections velocities in the seams of the erosion funnel, occurring
PK387+75 and PK388+44 of the M-3 canal, located in the section after the wave hydraulic jump.
in the Guzar district of the Kashkadarya region. Let us consider the distribution of average non-ero-
Under the conditions of the conducted experiment, sion velocities along the longitudinal profile of the ero-
only a wave hydraulic jump was observed (h"/h, <2). sion funnel and the distribution of maximum
Here, 44" isthe contact depth of the hydraulic underground erosion velocities in the specified sections.

jump. Fig. 4...6 shows the distribution of measured flow For analysis, we use Table 2 for.
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Table 2.

Distribution of average non-erosion velocities and bottom-hole non-erosion maximum velocities along the

longitudinal profile of the erosion funnel, velocities in designated sections

n Q, Vin/s| H Lty gy gy A Vstv Vigy
o m/s
3 (]
m®/s O P VA P I PO VAR I 1 PO VA I P PR VAR " S VAR N Y P VA
0.25 0.49]0.20 0,72]0.23 0.49]0.20 0.49]0.20 0.23]0.20 0.15
0.50 0.66 | 0.50 0,39]0.49 0.57]0.49 0.29]0.50 0.17]0.46 0.67
211 968 | 094 12.062r701 15 93370801 22 [0.75]0.80] 32 [0.39] 0.8 | *° [0.22]0.85] °° [0.48]0.65] °° [0.39
0.90 0,26 1.17 031] 1.0 0.21]1.17 0.37] 111 0.55]0.96 0.32
0.21 0.66 | 0.57 0.33]0.50 0.16]0.23 0.41]0.21 0.46]0.25 0.25
0.49 0.54]0.93 0.18]0.79 0.34]0.57 0.39]0.50 0.84]0.51 0.34
2.2 9.09 | 1.05011.98951 15 551 71.16] 2 [0.42(1.18] °° [0.45[1.01] *° [032]0.72] ° [0.78]0.77] *° [0.58
0.98 0.32]1.42 0.21]1.50 0.15]1.26 0.45] 1.09 0.26] 1.01 031
051 0.55]0.21 0.22]0.50 0.29]0.51 0.40]0.25 0.21]0.23 0.61
0.72 0.3 |0.60 0.34]0.84 0.480.80 0.36]0.51 0.23]0.47 0.65
2.3 9.216 | 1.050 11.8981 021 15 146 T0.82] 2 [0.361.14] °° [0.38]1.00] *° [0.29]0.80] °° [052]0.69] °° [0.46
1.05 0.39]1.12 0.32]1.39 0.36 1.30 0.28]1.00 0.600.96 0.36
0.23 0.37]0.24 0.43]0.23 0.74]0.20 0.26]0.20 0.45]0.21 0.55
051 0.40] 0.64 0.66]0.51 059 0.47 0.50 | 0.44 0.52]0.41 0.58
2.419.686 | 0.939 11.8431,2671 15 55 T0.08] 2° [0.43(0.76 | °° [0.24]0.79] *° [0.65/0.80] °° [0.30]0.58] >° [0.78
0.95 0.46]1.18 0.44]1.06 0.39]1.23 0.35] 1.05 0.64]0.85 0.52
0.21 0.48]0.25 052|021 0.49]0.22 0.30]0.24 0.50]0.22 0.24
0.49 0.53]0.50 0.78]0.50 0.53|0.48 0.72]0.55 0.69]0.41 0.49
2.5 9.666 | 0.865 11.8681")c71 15 M5 53T0.80] 2° [0.45(0.78| °° [0.61]0.80] *° [0.82/0.92] ° [051]0.74| °° [0.49
0.86 0.38]1.05 0.25]1.03 0.51]0.98 0.45]1.20 0.26]0.92 0.14
0.44 0.42]0.21 0.48]0.45 0.36]0.25 0.45] 0.50 0.30]0.21 031
0.68 0.61]0.54 0.65]0.85 0.62]0.55 0.66]0.76 0.55]0.55 052
260,098 | 090 1020 15551 15 o 30To 86| 2° [0.41]1.10] °° [0.44]086] *° [043]1.12] ° [0.44]0.77] °° [057
1.20 0.31]1.10 0.25]1.42 0.36] 1.01 0.29]1.42 0.12]0.98 0.48
Uo=0,94 m/s,
I I Jii| IV Y A’ |
10 | Initial relief
15 -
m |
e 20 40 60 m/s
25 L1 L L L 1 1 1
0 10 20 1} 40 50 60
Xm

Figure 4. Distribution of flow velocity in a flushing funnel under field conditions
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Uo=1,05m/s.
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Figure 5. Distribution of flow velocity in a flushing funnel under field conditions
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Figure 6. Distribution of flow velocity in a flushing funnel under field conditions

Conclusion. Analysis of the data on the flow veloc-
ity distribution in the channel, obtained under field con-
ditions, shows that we also have velocity diagrams
corresponding to the velocity distributions obtained un-
der laboratory conditions (Fig. 4...6).

Consequently, studies on the distribution of veloci-
ties along the washing funnel, conducted under labora-
tory and field conditions, show that when the flow

24

passes from the risberm into the channel bed of the con-
nected soil, at the beginning of the channel, the washing
of fine soil particles begins under the influence of the
flow velocity, and then, due to the increase in velocities,
the detachment of large aggregates from the soil begins,
and a washing funnel occurs.



UNIVERSUM:

No 10 (139) TEXHWHECKMWE HAYKHU OKTS0pb, 2025 1.

References:

1.

Sobir, E., Furkat, B., Alisher, I., & Nurbek, M. (2022). Evaluation of the influence of the physical properties of bound
soils on the washing process. Universum: texaudeckue Hayku, (9-5 (102)), 18-22.

Eshev, S., Mamatov, N., Bobomurodov, F., Ruziyeva, G., & Veliyeva, E. (2025, July). Study of physical and me-
chanical properties of saline lowland soils. In AIP Conference Proceedings (Vol. 3256, No. 1, p. 050022). AIP Pub-
lishing LLC.

Bepnues, 111. XK., Caunos, 1. 3., Hazapos, O. O., & Hcakos, A. H. (2019). OBOCIjOBAHHE U PASPABOTKA
[MPOTUBO3PO3NOHHBIX-ITPOTUBOITPOCAJOYHbBIX MEPOITPUATUN T10 ITPUMEHEHHIO
BOPO3/IKOBOI'O CITOCOBA ITOJINBA B IOXKHBIX PETTOHAX Y3EEKUCTAHA. BecTHuk MennopaTUBHOMI
HayKu, 8.

Sobir, E., Israil, G., Ashraf, R., Furqat, B., & Dilovar, A. (2023). Calculation of parameters of subsurface ridges in a
steady flow of groundwater channels. In E3S Web of Conferences (Vol. 410, p. 05022). EDP Sciences.

PanggB, A. P., Hazapos, O. O., HcakoB, A. H., & BobomypomoB, ®. ®. (2021). JUHAMUNYECKN
YCTOMYMBBIE CEUEHMA KPYITHBIX KAHAJIOB C YUYETOM BETPOBOI'O BOJIHEHUW . NHHOBaImoH
texHomorusinap, (Crenssimyck 1), 82-89.

Karshiev, R., Eshev, S., Makhmudov, K., Makhmudov, U., Eshev, A., & Hazratov, A. (2025, June). Water balance
of the Republic of Uzbekistan under conditions of water scarcity: Problems and solutions. In AIP Conference Pro-
ceedings (Vol. 3286, No. 1, p. 040038). AIP Publishing LLC.

Abdurakhmanovich, A. S., & Shokirovich, T. J. (2024). CALCULATION OF TOTAL CHANNEL EROSION
IN COHESIVE SOILS. AMERICAN JOURNAL OF EDUCATION AND LEARNING, 2(5), 965-975.
Gaimnazarov, |., Rakhmatov, M., Otakulov, U., Jumayev, A., & Khazratov, A. (2023). KANALLARNING
NOSTATSIONAR OQIM SHAROITLARIDA OQIZIQLAR SARFINI ANIQLASH BO‘YICHA DALA
TADQIQOTLARI. Innovatsion texnologiyalar, 52(3).

Xasparos, A. H., Paxumos, A. P., & Bo6omypomos, @. @. (2022). MoaenupoBaHHs CMEIIaHHBIX TCUSHUH 3eMJIITHBIX
KaHaioB. IN AKTyansHbIe TPOGIIEMbI HAYKH 1 00Pa30BaHMs B YCIOBUSIX COBPEMEHHBIX BBI30BOB (PP. 160-167).

25



