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Abstract. There is theoretically shown that pressure is equal to half of flow depth at state of speed
flow, i.e .It is equal to half of critical depth. Knowing it, authors offer a device that is designed to finding
critical section and critical depth in open flows which are defined by consecutive measurements of
dynamic pressure and depth of flow by means of the device in various cross sections and section findings
where the dynamic pressure is equal to a half of flow depth, and depth is critical depth, i.e. equality is
observed. As a result of the use of such a device increases information density due to the direct
determination of the critical section and the critical depth of flow and increase ease of operation.

AHHOTauuna. B cTtaTbe TeopeTU4eCKn MnokasbliBaeTCd, YTO Npu KPpUTUYECKOM COCTOAHUU MOTOKa
CKOpPOCTW Hamnop paBeH MnoJioBuHE lTIy6I/IHbI NOTOKa, T.e. NOJIoOBUHE Kpl/lTVI‘-IeCKOVI I'J'IY6VIHbI. ABTOpaMI/I
npennaraeTcd YCTPOVICTBO npegHasHa4eHHoe OnA HaxoXAeHUA KPpUTUYeCKOro ceYeHund un KpVITI/I‘-IeCKOVI
I'J'Iy6I/IHbI B OTKPbITbIX MOTOKaX, KOTOpble onpenendrTcd nyrtemM nocnenoBaTtesibHbIX 3amMepoB
ANHaMMn4eCcKoro Harnopa um I'J'IY6I/IHbI NOTOKa C NOMOLLIbIO yCTpOVICTBa B Pa3J/IMYHbIX NonepeYHbIX Ce4eHnAX
N HaxoXOEHUsa ceveHus, rae AnHaMUYecKuin Hanop paBeH MoJfioBUHE FJ'IY6VIHbI NOTOKa, a rny6|/|Ha -
KpMTVI‘-IeCKOIZ FJ'Iy6MHe, T.€. paBEeHCTBO cobniopaetcsa. B pesynbTarte nNpMMeHeHUn TakKoro yCTpOVICTBa
noBbILLaEeTCA I/IH(*)OpMaTI/IBHOCTb 3a CYeT BO3MOXHOCTWN HenocpeaCTBEHHOIoO onpeaeneHna KpuTndeckoro
ceyvyeHna n KpI/ITI/NeCKOIZ FJ'Iy6I/IHbI NOTOKa U NnoBblLLEeHne y,D,O6CTBa aKcnnyatayun.

Introduction

Finding the critical section and critical depth is necessary not only for estimation the flow state but
also for the performance of a number of hydraulic calculations and analysis of the dimensionless
coordinate research results. In addition, the critical depth is a unique function of speed and consumption,
which enables to determine the velocity and flow rate of the fluid. For example, N.P. Lavrov and M.K.
Toropov proposed a way for determining the water discharge at the head sections of the fleeting canals
at a critical depth [1]. Consequently, the questions raised are of practical importance.

In hydrometric practice, as well as in the laboratory to measure the depth of the flow widespread
measuring needle or Scale-Spitze, hydrometric tube piezometers [2-9]. It allows you to measure the level
in the adjustment and calibration of flowmeters variable level.

The main part of the needle measuring rod is coated with it privileges. On the stock strengthened
toothed strap and body are based on rack and vernier. Produce vernier reading on the moment of contact
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needle attached to the stem, or the liquid surface at the time of separation of the needle from the surface
[10-186].

To fix the exact moment of contact dimensional needles used electro-contact way to display the
time needle touch the liquid surface [2, 17].

Application dimensional needles can measure the level with great precision. Absolute error of
measurement is almost independent of range. These advantage dimensional needles formed the basis
for measuring the parameters of liquid flow in open flows. However, none of them is able to determine the
critical section and a direct measurement of the critical depth.

Examine critical state of flow [18—25]. At the critical state of flow when h=hkp, and the specific
energy section has a minimum value E = Emin, therefore,

dE—l aQ2 da)_l aw? do O
dh 77 gw® dh T g dh

where E - the specific energy of the cross section; Q — flow rate; w — open area flow; h — the depth of the
flow in the living section; g — acceleration of gravity; a — the coefficient of kinetic energy (Coriolis); u — the
average speed in the living section.

1)
Since dw=bdh and h = Fequation (1) can be written as
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Equation (3) can be written in the parameter of kinetism a =1 how
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or F, =1 that meets the definition of a critical mode, i.e.,
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where F, —froude number.

If both sides of (6), we multiply to 2£ we get
e

2 2
pv” _pgh o7 _h )
2y 2y o 29 2
where p — density of the fluid; y — the proportion of liquid.

This is the criteria for the critical state of flux, therefore, the critical state of flow rate pressure is
equal to half the depth of the stream, i.e., half of the critical depth.
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The purpose of the work is to increase the informative due to the possibility of finding the critical
section and measuring the critical depth of the fluid flow, which is achieved by using a device, based on
the equation of the dynamic head in the critical section of the flow half of its depth, which makes it is very
easy to find the critical section of the liquid flow and measure the critical depth.

To achieve this objectives the following tasks:
— to conduct a theoretical analysis of the critical state of the open flow;

— select the conditions and justification devices for critical cross-section of the fluid flow and
measuring the critical depth;

— collecting model to determine the critical cross-section of the fluid flow and measuring the critical
depth;

— experiments on the measurement of critical depth;

— conclusions.

Materials and methods of research

A device is offered for finding critical section and critical depth in open flows. As a result of the
application of such device the informative value increases due to the possibility of direct determination of
the critical section, and critical depth of flow and flexibility in application increases too.

The goal is achieved by successive measurements of the dynamic pressure and flow depth using
the device in different cross sections and finding the section where the dynamic pressure is half the depth
of the flow and the depth - critical depth. This device performs the method of finding the critical section
and measuring the critical depth in open flows. It contains measuring needle Pitot tube, the signal system
in which the stem-dimensional needle designed for the measurement of fluid flow. It is equipped with two
series-connected and arranged symmetrically with respect to the liquid surface of the same hinge
diamonds, mounted one on top of the sleeve slid ably fitted on the rod, and the other - the lower part
resting on the bottom of the channel. Wherein a portion of the vertical extension of a diagonal rod which
is installed pitot tube, wherein the fluid level is fixed at the throat of the other dimensional position of the
needle through rod rigidly connected to the first measuring needle, wherein the end of the needle is
mounted on a level with the upper horizontal diagonal of the rhombus which effect mobility rhombuses

3
constantly, regardless of the cross section will be located at a height Eh relative to the bottom of the

channel. Two upper side of the lower extension of the rhombus are the two lower side of the top of the
rhombus, constituting one unit with it, and their intersection point is fixed to the needle hub dimensional
fixing fluid flow rate via a hinge whose axis is flush with the end of the needle. Horizontal diagonal
rhombus are executed in the form of rods, one ends fixed to the left side hinges, and other moving freely
on the sleeves mounted on the right side of the hinges. Two lower side of the lower rumba pulled an
elastic member (spring) to prevent spontaneous alignment of the parties. Figure 1 is a schematic diagram
of a device, Figure 2 — the same, as seen from the incident flow.

The device consists of two dimensional needles 1 and 2, the two articulated lozenges is the upper
3 and lower 4 forming the pantograph mechanism, the receiver of the velocity head in the form of a Pitot
tube 5, consisting of a suction connection of the measuring tube, and the indicator 6. Measuring the
needle 1 is rigidly fixed to the hub 7 is fixedly fitted on the guide rod 8, and is connected to the signaling
device 6. On the rod 8 has two serially connected and arranged symmetrically with respect to the liquid
surface of the rhombus hinge 3 and 4, one of which is fixed on the upper part of the sleeve 9 is movably
fitted on the rod 8 and the other — the lower part rests on the bottom of the channel. The articulated
lozenges 3 and 4 two upper sides 10 and 11 of the lower rhombus 4 are a continuation of the two lower
sides 12 and 13 of the upper three rhombus, making them integral, and their intersection point is fixed to
the hub 7 through a hinge 14, whose axis is at one measuring the level of the end of needle 1, and
horizontal diagonals 15 and 16, made in the form of rods, one ends are fixed to the left side hinges 17
and 18 and the other ends are free to move along the sleeves 19 and 20 attached to the right side hinges
21 and 22. The lower side 23 and 24 of the lower rhombus tightened elastic member 4 (spring) 25.
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Figure 1. Schematic diagram of a device for measuring parameters of fluid flow in open flow
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Figure 2. Device type from the incoming flow

Yerzhanova N.K., Mussin Zh.A., Dzholdasov S.K., Altynbekova A.D. Critical section and critical depth in open
flows finding device. Magazine of Civil Engineering. 2017. No. 8. Pp. 106-114. doi: 10.18720/MCE.76.10.

109



NuxeHepHO-CTPOUTENBHBII KypHaJI, Ne 8, 2017

On the lower part of the vertical diagonal rhombus 4, which is an extension rod 8, set Pitot tube 5
for measuring the mean dynamic pressure where the fluid level in the critical section is fixed dimensional
needle 2 rigidly connected through the rod with measuring needle 1 is also connected to the signaler 6
wherein the needle tip is mounted flush with the upper horizontal diagonal of the rhombus 15 3, which by
virtue of the mobility of rhombuses continuously and independently of the cross section will be located at
a height of 3/2 h relative channel bottom. The entire installation is fixed on the bridge 26 and is moved
horizontally by means of screws 27 and 28 coordinate mechanism. The critical depth is removed on a
scale of 29.

Results and Discussion

For a channel of arbitrary shape in general form, it is solved by selection or graph analytical
method, for the channel of the correct cross section, simple solutions are possible.

The well-known formulas are given for determining the critical depth for a channel of a regular

section:
2
hy = 3/0{%, (8)

where ( = % — the specific consumption, i.e. flow per unit width of a rectangular channel.

for a rectangular channel

for a trapezoidal channel, it is determined by the analytical method, proposed by Agroskin 1.1., according

to the formula
" 31+ 2z,

h = 9)
ort. = for =77 2,

2
where hCr =3 aq— — the critical depth in a rectangular channel for a given flow rate (Q)and a width
\ ¢

along the bottom (b); z; = mhy /b Z; = mhcr.t./b — dimensionless ratio; m = ctgé — slope coefficient of
the trapezium.

The notation is introduced by Zz,=mh, /bfor a rectangular channel and after some
transformation, it is obtained from

, z,(1+2,) w0
T34 22,
hert  z;
here =—
cr Zr

Substituting different values of Z;, it can obtain from (10) the corresponding Z, and then the

heror = \/% (%)2; (11)

values of the ratio hg ¢ = hy, .

for a triangular channel

for a parabolic channel
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27002
hcr.par ok —64gp ) (12)

for a weir with a wide threshold, the critical depth of the flow is determined taking into account its

curvature [20-22]
2
Ner w T 1+E=hcr3‘/1+@, (13)
g a (04

where v=——— the curvature of a trickle with dimension [L] 1; a = vh - the dimensionless curvature of
av

the trickle; R,,— the value is calculated indirectly from the hydrodynamic pressure of the flow to the
bottom; h— the depth of flow.

where p — parabola parameter;

According to the dependencies shown above, the critical depth is determined analytically, and
there is no direct determination of the critical section and the measurement of the critical depth using the
device in any of the papers [21-25]. Direct measurement of the critical depth and the critical section in
situ is not currently available.

There is described how the devise works and given an example of finding the critical depth. The
device operates as follows.

Using 27 screws attached moves horizontally in the direction of flow. In the selected section using
the screw 28 descends vertically setting up until the end of the needle 1 will not touch the surface of the
liquid flow and not warning light at the first switch position. Then, the key signaling 6 is transferred to the
second position and, if the warning light does not light up, the setting moves to the next position and the
process is repeated as long as the warning light lights up in the second position of the key, which is fixed
by contact dimensional needle 2 with the level of liquid in the tube Pitot 5. This will be the position of the
critical section. On a scale with 29 divisions relieve the critical depth.

Essentially the process location of the critical section of flow is determined at equal velocity
(dynamic) pressure of the fluid in millimeters of the column of fluid, such as millimeters of water column
equal to half the depth of the liquid in the sectional view taken in the same units (millimeters). In other
words, it must satisfy the relation

2
pu=_ pgh (14)
2 2
pv°
where — speed pressure fluid in the flow; h — the depth of the flow in this section; p — density of

the fluid; v - velocity of liquid flow; g — acceleration of free fall.

If equality is not respected, the experiment was repeated in the other section to perform this
equality, and in the case of compliance conclude according to the measured depth of the flow of critical
value in this section, which is the critical section.

For example. Divide the flow - uneven. Rectangular tray at flow rates of 8.83 I/s, 13.37 I/s,
19.77 I/s. hg, should be measured.

Consumption is 8.83 I/s. Installation is moved horizontally in the direction of flow until the first
section by means of 27 screws. In the first section by means of screw 28 descends in the vertical
installation position as long as one end of the needle 1 touches the liquid surface. Warning light switches
in the first position of the key. Then, the key of signaling system translates to the second position - bulb
does not light up. Installation is moved to the second section. The process is repeated. The warning light
in the second position of key does not light up again. Move the installation to the third section. In this
section the warning light at the second position of the key lights up, indicating the critical section.
Measure the critical depth which is 5.22 cm and so on, the experiment is curried out when consumptions
are 13.37 I/s, 19.77 I/s. The results of the experiments are given in the table.
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Table 1. Measuring of critical depth

Tests | Section Bottom The level of The flow The warning The warning Critical
mark fluid flow depth, cm light in the lightin the depth cm
first key second switch
position position
2 3 4 5 6 7 8
1 1 14.21 19.86 5.65 Lights up No lights -
2 14.00 19.40 5.40 —I- —Il- -
3 13.80 19.02 5.22 —Il- Lights up 5.22
2 1 14.02 21.34 7.32 Lights up No lights -
2 13.80 20.82 7.02 —I- —Il- -
3 13.60 20.45 6.85 —I- Lights up 6.85
3 1 13.80 23.12 9.32 Lights up No lights -
2 13.49 22.50 9.01 —I- —I- -
3 13.34 22.21 8.87 =/ Lights up 8.87
Conclusions

1. Theoretical analysis of the critical state of the flow shows that in the critical state of the flow, the
velocity head is equal to half the depth of the stream, i.e. half the critical depth.

. L po? h .
2. In arectangular cross section, where the condition pT = % is observed, the measured flow depth

corresponds to the critical value in this section, i.e. in the critical section.

3. The use of the device, based on the equality of the dynamic pressure in the critical flow cross section
is half of its depth, allows you quite simply to find the critical cross-section of the fluid flow and
measure the critical depth.

4. The device makes it possible to determine the critical section and critical depth flow by direct
measurement in real conditions correspond to reality, no additional calculations, which increases the
accuracy of determination of the critical depth and greatly reduces the time (if necessary

measurement process is automated).
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