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METHODOLOGICAL BASES FOR PHYSICAL MODELLING
OF WATER INTAKES
WITH HORIZONTAL COLLECTOR MANIFOLDS

Based on the theory of mechanical similarity and dimensional analysis, the prin- ¢
ciples of physical modelling of radial water intakes have been formulated. It has been
stated that model tests, in which a full dynamic similarity would be maintained, can-
not be achieved and that gravity and internal friction forces are the prevailing ones.
A non-complete dynamic similarity has been achieved when Froude and Séelkadev
criteria were satisfied. The application of dimensional analysis enabled us to describe
quantitatively and qualitatively the hydraulic characteristics of radial intakes, while
—— model tests made it possible to determine numerical values of empirical coefficients.
The presented method of physical modelling of radial water intakes may be used in
model tests of the objects in which collectors, i.e. filter pipes, are the elements of water
intake.

DENOTATIONS

a; — dimensionless empirical coefficients,
g — acceleration of gravity [m/s?],
Ahg — hydraulic losses due to water flow inside perforated and full-walled segments
([’f collector including also the losses at the water inflow to the collector w~ 1of water intake
m],
ks — filtration coefficient of the bed (water-bearing layer) [m/s],
! — length [m], ’
E— ly — length of perforated (filter) part of collector [m],
l, — length of full-walled (off-filter) part of collector [m],
m — coefficient characterizing location of lateral inflows along the perforated part
of the collector,
n — the number of collectors,
ny — porosity of filter bed,
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r — internal radius of collector [m],
s — depression inside collector well [m],
t — time [&],
v — linear velocity [m/s],
vy — filtration velocity [m/s],
vp — mean flow velocity in a section of full-walled collector segment (final velocity)
[m/s],
v, — mean flow velocity in the most distant to the well section of perforated collector
segment (initial velocity) [m/s],
A — dimensionless empirical coefficient,
F — surface [m?2],
H,, — water-bearing layer thickness [m],
TFr — Froude number,
I — hydraulic gradient,
Q — volumetric flow rate [m3/s],
Q. — water intake capacity [m?/s],
Re — Reynolds number,
¥V — volume [m?®],
. % — soil permeability coefficient,
4 — coofficient of linear resistances in full-walled collector segment,
4, — coefficient of linear resistances in perforated segment of collector,
» — kinematic viscosity coefficient [m?2/s],
& — filtration coefficient scale: & = kpn/lgprs
£ — geometric (length) scale: & = Iy /iy,
— velocity scale: &, = vy/vay,
Ep — surface scale: &p = Fy/Fpy = &,
&g — flow-rate scale: &g = Qn/Qn = Ep- &vs
ou — capacity scale: &gy = Qun/Quar-
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INDICES

M — quality in model scale,
N — quantity in real (natural) scale.

1. INTRODUCTION

Radial water intakes are the modern way of underground and infiltrati
water intakes, and in appropriate hydro-geological conditions (small thickness
and water permeability of water-bearing layer) are much more economical
than the traditional water intakes, i.e. groups of well drilled or digged. They
are, moreover, characterize dby structure compactness, reliability and long-
life [1]-[3], [13], [16]. An increasing interest in infiltration, as a process enri-
ching underground water resources with surface water, has been observed
since several years. This is due to the fact thet infiltration gives new pessibi-
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lities of the development of radial water intakes distributed in the immediate
vicinity of rivers or surface water reservoirs and characterized by a high capa-
city. Because of the above and other advantages they more and more often
replace the traditional intakes of underground and in filtration water [4], [16].

2. ADVISABILITY OF PHYSICAL MODELLING
OF RADIAL WATER INTAKES

Capacity of radial water intake @, (fig. 1) depends on many factors charac-
terizing she structure, hydrological and cperaticn conditions [4]-[6]

Q. Zf("’lfﬂ"z’Hwakfa s). (1)

It should be emphasized that the technology of radial water intakes has
gone far ahead of the elaboration of scientific bases of their desing. This is, among
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Fig. 1. Schematic representation of radial infiltration water intake
Rys. 1. Schemat ujecia promienistego w warunkach infiltracji

others, due to the fact that water inflow to the radial intake should be consi-
dered solely in three-dimensional space, which — in turn — requires the ap-
plication of an advanced analytical or experimental apparatus. That is why
solution of the problem (1) is difficult.

Theoretical approach to this problem is based on equations of mathematical
physics (describing water motion in soil), assuming irrotational motion of ideal
liquid due to gravitation forces acting in homogeneous and isotropic soil medium.
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Under such conditions the water motion is deseribed by Laplace equation

O *p 0%p
ox?® i oy*? - 0z = (2)

where ¢ is velocity potential being the function of coordinates z, ¥, z. Laplace
equation should satisfy boundary conditions resulting from physical proper-
ties of the filtration area. .

To solve the problem formulated in the above way two analytical methods
have been applied [4]:

conformal mapping, :

source-sink method (Rankine method). .

In experimental investigations, the analogies between the phenomena
occuring in nature and model, which can be described by Laplace equations,
have been so far examined. Here electrohydrodynamic analogy has found
its practical application [4], [10], [11].

Due to diversity of simplifying assumptions taken in desing of infiltration
water radial intakes a number of formulae have been obtained, e.g. Surov’s,
Ostrowski’s, Razumow’s or Maciejewski’s formulae, that differ significantly
in their structures [4], [16]. All these formulae, however, have some common
features as they neglect energy losses inside the collectors and collector well
and assiime that the water inflow into filters is uniform along the whcle filter
length. Some attempts [6], [8], [16] made to calculate the depression of radia
intakes according to these formulae, but with the energy losses being taken
into account, have not brought satisfactory results. Discrepancies between
values calculated from the separate formulae (exceeding often 100 9%) give
also the evidence to the inadequacy. Usually the calculated capacities exceed
also substantially the values obtained during pumpings [1], [4], [16]. All these
differences are due to the mentioned above model simplifications as well as
to the difficulties lying in analytical solution to this problem. Hence, in order
to obtain a more accurate description of phenomena associated with water
uptake from radial intakes and to find the formulae describing these pheno-
mena in a more complex way, the appropriate tests must be performed on
physical models representing appropriately real conditions of the intake ope-
ration.

3. METHODOLOGICAL FOUNDATIONS OF MODEL TESTS

Model tests of radial water collectors cannot be performed before the fol-
lowing questions are answered:
how to characterize the similarity between phenomena occurring in nature
and model?

\
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which scales should be thus assumed for the model?
\ how to convert the quantities measured in the model into the natural ones?
The answers to these questions may be obtained by applying the theory
of mechanical similarity and dimensional analysis, taking account of the phy-
sical meaning of the phenomenon being investigated. Due to fhe theory of
mechanical similarity the quantitative and qualitative description of real
phenomena may be obtained from model tests. To satisfy the conditions of
such a similarity, geometric (§,, &5, &), kinematic (¢,, &,, &) and dynamic
similarities must be fulfilled. Dynamie similarity between the nature and model
holds if the Newton numbers in both the systems are equal. This definition
expresses the general law of dynamic similarity of phenomena, which may be
written as follws

Ney = Ney,. (3)

An arbitrary particle of the moving liquid is subject to the following forces:
thrust, gravity, internal friction, elasticity, and surface tension. Detailed laws
of their similarity result from equation (3):

thrust: Euy = Eu,, — Euler criterion, (4)
gravity: Fry = Fr;;, — Froud criterion, (5)
friction: Rey = Re;; — Reynolds criterion, (6)
elasticity: Ca, = Ca,, — Cauchy criterion, (7)
surface tension: We, = We,, — Weber criterion. (8)

Not all the similarity conditions for the model and real phenomena can al-
ways be satisfied. Because of the fact that two liquids (fluids) satisfying simul-
taneously the criteria (4)—(8) are not known, the model tests in which a full
dynamic similarity would be preserved cannot be performed. In practice, no-
ne of the forces mentioned above have the same influence on the course of the
phenomenon examined. Most often a decisive effect is due to cnly one or at
most two forces, and the remaining ones can be neglected. In such a case we
are satisfied with the so-called incomplete similarity, by which we mean that
only one or two similarity criteria connected with the forces being recognized
as the prevailing ones are satisfied. If the deviation resulting from this incom-
pleteness of similarity is within the limits of the admissible tolerance, the ob-
tained modelling procedure allows us to perform the tests in a much wider
range.

In model testing of radial intakes gravity and viscosity forces (4) should
be recognized as being the decisive ones. In this case two phenomena should
be distinguished:

1) water flows to the collectors through the soil layer, the Darcy law being
preserved,
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2) water flows inside the collector, the equations of Darcy-Weisbach and
Siwont being preserved.

Laminar flow of water inside the soil is described by the Darcy equation
of the form

Criterion of linear filtration law applicability, when this phenomenon is
considered from hydrogeclogical standpoint, is given by dimensionless number
R;. Tt expresses the ratio of inertial to internal friction forces occuring durin
percolation of liquid through a porous medium, this number being analogical
to the Reynolds number (Re) in hydraulies. The Darcy law [9] is, for instance,
satisfied for R;< 12 [5] determined in this case from Séelkadev’s formula

100,5"°
i
Rf = 23

»

(10)

Ny v

During the movement of water along the perforated segment of collector
fed with a side affluent, there oceur diserete changes in mass, momentum and
energy of the main flux of liquid, and consequently, the change in the mean
flow velocity. The difference in piezometric pressures (measured by the height
of water column) along the collector segment of the length [, as well as along
the length 7., and the losses due to water flowing out of collector into collector
well, can be found from the formula (14), (15)

1.86 l
Ay == (@,i—v;)-up——/ifm
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x[vp+ o -k amtl ]+( o 5l 2y (11)

Hydromechanical similarity of the flow in collectors (in nature and model)
is preserved if the Froud number is a single-valued function of Reynolds number

Fr = CIRe ) (12)

where O is coefficient of proportionality.

From the analysis of eq. (12) it follows that in model tests we cannot us
the same liquid as that occurring in reality and that geometric similarity of
inner surfaces of filtration pipes must be preserved. Thus, the modelling of
water flow in collector is difficult, since in order the Froud and Reynolds cri-
teria be satisfied simultaneously it is necessary that the following equality

& =&% (13)

holds and g, = g¢,.
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In practice, we cannot choose arbitrarily the viscosity coefficient for the
liquid used in modelling (geofiltration area, the size of model being involved).
As we have no other choice than to assume water as a medium, the satisfaction’
of the Fround criterion will be a sufficient condition of the flow similarity [4].

In both the cases of the water motion in the model, i.e. in water flow in s0il
and inside the collectors, the law of motion continuity holds. It means that
the quantity of water flowing into collectors during a time unit equals that
discharged at the same time by collectors. The facts that continuity condition
as well as criteria of Séelkadev (applicability of linear filtration law in soil) and
Fround (hydromechanical similarity of flow in collectors) are satisfied allow
us to refer the quantities measured on models to natural conditions by means
of appropriate similarity scales. Since geometric dimensions of the model
are determined with the help of one scale £, then hydraulic gradients are model-
led in 1 :1 scale. By virtue of Darey law [9] we can write

éu = 5,1;;51, (14)
where & = 1. )
Applying the law of voluminous flow continuity (Q = vF) we get

fQ == Evép'- (15)

By introducing into eq. (15) the relation (14) we obtain basic formula for
conversion of flows measured on the model into those occuring in nature

EQ = Ekffzz- (16)

The essential difficulty is to establish in eq. (16) the scale of the soil fil-
tration coefficient §y- Starting with the motion continuity law, the Froud
criterion for the flow inside the collectors

Sl =l (17)

eing satisfied, and assuming & = 1 the following formula for velocity scale
ill be obtained

nd then »
&y = &°. . (19)

Velocity scale defined by means of eq. (18) is true if the scales of coeffi-
ients of linear friction resistances of the collectors are & = &, = 1. In par-
icular, it means that

o = i (20)

In model test this condition cannot be satisfied, since in model and reality
he values 1, = f(Re) are different [4], [9]. Because the condition (20) is not

EPE 4/84
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satisfied, the velue of &, and, speaking strictly, the a priori unknown exponent |
2 at & in cqs. (18) and (19) which in this situation take the forms

&, =& (18a)

and
&y = & (19a)

must be determined experimentally.

Introducing relation (19a) into (16) and substituting € = Q, we shall ob-

tain the final form of the formula for the seale of the water intake capacss
Equ = 510 (21)

It should be noticed that in model tests of radial water intakes the measu-
rements are made on a reduced real object, therefore the relative measuring
errors of physical quantities most frequently increase with the value of gimila-
rity seales. Hence, it follows that the size of the model should be possibly large
[4], [12].

The task of dimensional analysis to is give appropriate (with respect to
dimension) forms of physical formulae. To each physical equation, describing
a certain phenomenon, we can ascribe a dimensional equation in a basic system|
of quantities.

Tn kinematic phenomena, and such is modelling of water inflow to radia
intakes, basic system is given by the length L and time T. Symbols and dimen
gions of the quantities considered in this paper are given in tab. 1.

Table 1

Dimensions of some quantities in the LT system
Wymiary niektorych wielkoéei ukladu LT

Quantity Dimension
w Symbol W

Time t T
Length, caving, height, radius ly,2, Hy, v L
Surface F L?
Linear velocity v LTt
Kinematic viscosity v 271
Volumetric flow rate (capacity) Qu IAT?

Dimensionless products s, of the quantities w; form the following set

equations:
7T, = WiWYw,,
o Loan¥.
Ty = W)W,y Wy,

To_g = Wikm2ugk—2w,



where % is the number of the quantities w taken into consideration.

By solving this set of equations we find the numerical values of exponents
@;y Y; and determine the dimensionless products ;. This, in turn, enables us to
derive the formula for the qualitative description of the given phenomena

Ty = F(msy Tay ooy T ,) (23)

Similarity of the products «, in nature and model is at the same time the
criterion for the similarity of the phenomena being investigated.

Physical analysis of the influence of structural, hydrogeological and opera-
ting parameters on the capacity of a radial water intake [4], [6] has shown that
@, in eq. (1) depends chiefly on: number, length, diameter (radius) and caving
of collectors, thickness and filtration coefficient of water-bearing layer, as
well as on the depression in collector well. Thus, in €q. (1) we have 8 quantities
w that make 6 dimensionless products .

Solving eqs. (22) we get a qualitative description of hydraulic characteristics
of the water intake, which can be presented in the following forms:

Q'lt

/i’f?' 2

Q. L \" (2\% (H,,\% [\
- =AnM = (=] —=] (-] .
kgr® " i r r r]

The values of exponents a,—a; and coefficient 4 can be determined frem
physical analysis or experimentally.

Similarity of precduets =, =n, n, = blry, ©™ =2r, ny =H,Ir, and =,
= §/r in nature and model is satisfied, since for these quantities the same geo-
etric scale & is assumed. Comparison of dimensionless products w, yields
he scale of flows (capacities)

- = F(n, Lfr,z[r,H,[r,sr), (24)

(25)

2
L Quw Ry
bgu = 5L = AN

Qunm ot

(26)

Using the definitions of filtration coefficient scale and surface scale, eq. (26
an be transformed to the form analogical to that of formula (16):

fou = Eiréi- (27)

4. APPLICATION OF THE DISCUSSED METHODOLOGY
IN PHYSICAL MODELLING OF RADIAL INTAKES
OF INFILTRATION WATER
The investigations undertaken at the Institute of Environment Protection
ngineering of the Technical University of Wroctaw included physical model-
ing of radial intake with collectors placed symmetrically under the bottom of
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infiltration source, assuming homogeneity and isotropy of the soil layer under
the bottom of this source and the continuity of the water flux infiltrating
through the reservoir bottom to the water-bearing layer. The investigations

performed were aimed at:
i) determining the influence of basic geometric parameters of the water

intake on its capacity,
ii) finding the function (1) in a form which could be used in hydraulic de-
sign of such intakes. ‘ -
The investigations included:
number 7, length I, and caving 2 of collectors at the given diameter 2r of
filtration pipes,
thickness of water-bearing layer H, and depression s in collector well for
the given water permeability k; of water-bearing layer.
The tests were performed on an experimental set-up, constructed in 1 :25
seale. Geometric parameters of the intake were changed discretely within the

range of values given in tab. 2. The following parameters have been assumed,

Table 2

Variation range of the model geometric parameters
Ziakres zmian parametrow geometrycznych modelu

Range of variations

Parameter Denotation Inhaodel T coal

scale scale

Number of collectors n 1-3 4-12
Working length of collector ly 0.5-3.6 m 12.5-90 m
Depth at which the collectors are laid 2 0.12-0.48 m 3-12 m
Thickness of water-bearing layer H, 0.36—0.60 m 9-15m
Depression in collector well 8 0.08-0.24 m 2-6 m

moreover: diameter of collectors 2r = 0.0Lm (in nature 0.25 m), perforatiol
degree of filtration pipes ¢, = 0.20, length of full-walled segment of collector
l, =012m (3.0 m), water depth in infiltration source H = 0.16 m. (4.0m

The chief element of the model (fig. 2) is the main reservoir 1 having T
shape of a quarter of cylinder filled with medium-size sand and representin
the geofiltration picture of the model water intake. In this reservoir there
localized a collector well 3 of the intake with collectors 7 arranged symmetr
cally on three levels. A system of telescope overflows 8, 9 in feeding chamber
and collector well 3 makes it possible to maintain the established filtratio
course. A uniform distribution of water in the infiltration source was possib
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due to a supplying filter pipe 6 having a variable degree of perforation. The
height of piezometric pressure in filtration field (including that immediately
at the collectors) was registered by point pulse heads 4. Piezometric pressures
are transferred from the inside of collectors to piezometers by means of peri-
pheral and compensating chambers 5. The intake capacity was measured by
cone- and floatmeters, their measuring range being 10-1000 dm3/h.

The test programme included the identification and calibration of the model
elements (filtration bed, filtration pipes, collectors, measuring apparatus and
instruments) and the measurements comprising geometry of the moedel, capa-
city, depression, water temperature and piezometric pressure inside and out-
side the collectors. Identification and calibration measurements were indispensa-
ble for the conversion of model results into the real data.

As a filtration bed of the model we have used medium-grained sand charac-
terized by a uniform grain distribution (d,, = 0.215 mm d;, = 0.400 mm,
n, = 37.6%). Filtration coefficient of the water-bearing layer, determined
from the results of test pumpings in the model [4], according to Babufkin’s
scheme was k, = 3.732 x 10 ~*m/s. Because of the lack of data as to the value
of linear resistance coefficient 4,, for the perforated small-diameter pipes used
in model tests (especially within the zone of laminar flows and transient zone)
we have used empirical relations, obtained by approximation of the measure-
ment results [4], [5], [9]. Water inflow to the collector well of radial intake
18 caused by the given difference in piezometric water pressure, called an ap-
parent depression s (fig. 1). Due to this depression the water inflow to collec-
tor in the model is in a defined state of energetic equilibrium. This state depends
on parameters characterizing hydraulic losses in filtration bed and collectors,
i.e. on filtration coefficient of water-bearing layer and on disneter and length
of collectors. Thus, the changes in geometric parameters of the intake (e.g.
number, length, caving) are followed by different state of energetic equilibrium,
which — in turn — affects directly the size and distribution (arrangement)
of side affluents along filtration pipes and indirectly — the interaction of col-
lectors and the intake -capacity.

Analysis of variations in piezometric pressure inside filtration pipes as well
as in their vicinity allowed us to establish a quantitative assessment of the
non-uniform water intake along the collectors, occurring in particular when
ese collectors are long. In extreme cases (I, =3.6m, s, =0.24m, n = 4)
unit hydraulic load at the end of collector (at collector well) was about 12 times
higher than that at its beginning [4].

This fact was confirmed by the analysis of the arrangement of equipotential
lines in geofiltration area. The greatest hydraulic gradient s(concentration of
constant potential lines) haxe been observed in the vicinity of the collector
well. Qualitatively this non-uniformity depends first of all on the length of fil-
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Fig. 2. Schematic representation
Rys. 2. Schemat stanowiska

tration pipes, and then on the depression in collector well and the number of
collectors in the water intake. For relatively short collectors (of the lengths nen
exceeding 1.0 m in the model and 25 m in natural scale), the non-uniformity|
is negligeable and the water inflow into the collectors may by treated as being

uniform.

The results obtained allowed us to calculate the exponents a,~a; and coe-EJ
ficient A in the eq. (25), gaining therefore the formula in which the water
intake capacity is described quantitatively:

lo"454 2 —0.180 Hw 0.176 s 0.736
& mmen G
fr r r r r

with the constraints:
4 <n <= 12
101.01 < L/r < 505.05,
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Numerical values of empirical coefficients in eq. (28) have been determined
by multiple regression using Gauss multiplier method.

The presented above operation of a model water intake can be referred to
natural conditions by means of similarity scales, defined in section 3. To this
end the correctness of the performed tests should be examined with respect to
the kind of water movement in filtration bed and the value of the flow velocity
seale in collectors (equal to that of soil filtration coefficient) should be determi-
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Maximum filtration rates and the corresponding extreme values of R, (10)
oceurred at the boundary of ‘“natural” filter (copper wire gauze) at the water
inflow at the end of the collector. In all the cases the numbers R, satisfied the
linear filtration criterion of Stelkatev (R . < 1.0).

In order to determine numerical value of flow velocity scale in collectors
(eq. (18a)), numerical values of hydraulic losses in collectors have been calcula-
ted for the given value of vy [v,, ratio and the results of Ahgy/Ahgy, caleula-
tions compared with the geometric scale of the model (§; = 25). Hydraulic
losses have been computed according to the formula (11) in which the quam®
tities 4 and 2, in natural scale were determined from Siwon formulae [14],
[15] and in model scale — from the corresponding formulae presented by the
author in [4], [5], [9]. The calculations of Ahg,, were additionaly veryfied by
the measurements performed on the model.

Since the mean values of 4,; were higher than those of 2,y, the smallest
differences between the measured and calculated hydraulic losses (4h,) were
obtained for the velocity scale &, = 5.25. Thus the exponent # in eqs. 18a and
19a takes the value of 0.530.

Hydraulic characteristics obtained on the model can be referred to the nature,
if in the latter the ratio of losses in collectors to depression is similar, i.e. ot 27y
= 0.260 m and kg = 1.96 x 10~ °m/s. The capacity of model water intake
may be converted into the natural quantities by means of the intake capacity
scale (21). Then: —

Q. = 3281.25Q, - (29)

5. SUMMARY AND CONCLUSIONS

Although the advantages of radial intakes, especially of those located in
the vicinity of rivers or water reservoirs and concerning the economy and exploi-
tation, are out of question, there is no universal and commonly used method
of their design. Thus model tests, the results of which may contribute to the
solution of this problem, should be recognized as fully justified both from scien-
tific and practical standpoints.

The selected results of model testing of radial water intakes, presented
in this paper, are a contribution to a full explanation of phenomena accompa—
nying the operation of such intakes, and allow the formulation of the following
conclusions:

1. It is not possible to perform model tests of radial water intakes in which
a full dynamic similarity of phenomena would be prescrved, i.e. all the criteria
of similarity of forces in the nature and model be satisfied. Thus we pmust be
satisfied with the so-called incomplete similarity, i.e. to take account of only
the forces prevailing in the given phenomenon.
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2. In model tests of radial water intakes the gravity and internal friction
forces must be recognized as being dominant. Thus a dynamic similarity of
phenomena takes place if Fround’s and Stelkatev’s criteria are satisfied.

3. If both these criteria as well as the condition of the motion continuity
are satisfied, then the nature and model can be recognized as being sufficiently
similar, and the physical quantities measured on the model can be transferred
on the natural conditions by means of the appropriate similarity scales.

4. The application of the mechanical similarity theory and dimensional
mnalysis enabled qualitative and quantitative descriptions of hydraulic cha-
racteristics of raudial water intakes. The performed model tests allowed us to
determine the numerical values of empirical coefficients.

5. Methodological foundations of physical modelling of radial water intakes,
presented in the paper, may be used in model tests of such objects, in which
filtration pipes perform the role of collectors.
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METODOLOGICZNE PODSTAWY MODELOWANIA FIZYCZNEGO
UJEC Z POZIOMYMI ZBIERACZAMI

Sformulowano zasady modelowania fizycznego promienistych ujeé wody na podstawie
teorii podobieristwa mechanicznego i analizy wymiarowej. Stwierdzono, iz prowadzenie
badan modelowych z zachowaniem pelnego podobienstwa dynamicznego zjawisk jestnieosig-

galne. Za dominujace uznano sily cigzkosel i tarcia wewnetrznego. Niepelne podobienistwo

d}nanucane osiggniete zostalo przez spelnienie kryterium Froude’a i kryterium Séelkadeva.
Zastosowanie analizy wymiarowej umozliwilo sformulowanie jakosciowego i iloSciowego
opisu charakterystyk hydraulicznych ujeé promienistych, przeprowadzone zas badania
modelowe pozwolity okredlié wartosei liczbowe wspoélezynnikéw empiryeznych. Prezento-
wana metoda modelowania fizycznego ujeé promienistych wody moze byé wykorzystana
w badaniach modelowych takich obiektéw, w ktérych elementem ujmujacym wodg sg zbie-
racze, tj. rury filtrowe.

METHODOLOGISCHE GRUNDLAGEN EINES PHYSIKALISCHEN
MODELLS FUR FILTERROHRENSTRANGE

Das hier besprochene Modell ist auf den Prinzipien der Ahnlichkeitstheorie und der
Dimensionsanalyse gestiitzt. Is wird festgestellt, daB das Modell nicht imstande ist, eine
volle Ahnlichkeit der dynamischen Effekte zu gewihrleisten. Schwere und Reibungskraft
werden als iiberwiegende Erscheinungen betrachtet. Die Erfiillung des Froudeschen und
des Stcelkadevschen Kriteriums trigt zu einer unvollstindigen, dynamischen Ahnlichkeit
bei. Die Anwendung der Dimensionsanalyse gestattet eine quantitative -und qualitative
Formulierung der hydraulischen Kennlinien der Stringe. Modellversuche fithren zur Bestim-
mung empirischer Koeffizientenwerte. Die besprochenen Methoden diirfen in den Modellun-
tersuchungen solcher Objekte angewandt werden, die F'ilterrohre in Betrieb nehmen.

METOJOJIOT MYECKUE OCHOBBI ®U3NYECKOI'O MOIEJINPOBAHUA —
BOJIO3ABOPOB C I'OPU30HTAJILHBIMU BOJOCBOPHUKAMU

ChopMyTHPOBAHBI OCHOBHBEIE MPHHLMILI (PH3MYECKOrO MOJEIMPOBAHMSA PATMATBHBIX BOJ03a60DPOB.
Ha OCHOBE TEOPMH MEXaHMYECKOTO MOJOOHSA ¥ TEOPUH PA3MEPHOCTEll ONpENeNeHbl: CYIHOCTh noaobus
SBIEHUH B IEHCTBUTENLHOCTA M B MOJEIH, MACIITAObI MOICIH, METOALI NEpecY€Ta pe3ynbTaToB, mOJy-
YeHHBIX M3 W3MEPEHMI Ipy NPUMEHEHWH MOJENEH HAa HATypajibHble BENMYMHBL. OTMEYEHO, 4TO MpOBe-
JIEHHE MOIEIBHBIX MCOBITAHMIA C COXPAaHCHUEM IOJIHOrO IMHAMMYECKOTO NON00Us ABIEHU, T. €. YIOBIC-
TBOPEHME BCEX KPUTEPHEB MOZOOMS CHII, BBHICTYNAIONIMX B NeCTBUTENLHOCTH H B MOJEIH, SBJISCTCHA He-
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IOCTATAEMBIM. B MOMIEIBbHBIX HCHBITAHUAX PagualbHBIX BOA03a00pOB MOMHHHDPYIOIIMMH OBLIM MpH-
3HAHBI CAJIBI TSYKECTH M BHYTPEHHEro TpeHus. CIIeHOBATENbHO, THHAMHYECKOE I0I00ME SIBIICHAN 3aKJIFO-
YaeTCs B YIOBJICTBOPSHHH KpUTEpUst Mpyna OTHOCUTENILHO NPOTEKAaHWs B BOJOCOOPHHKAX H KPHTEPHS
Illenxayépa JMHEHHOrO 3akoHa GuibTpauu B rpyHte. ITPHHATHE BBIIEOTMEYEHHBIX KPHTEPHEB, NPH
OJHOBPEMEHHOM Y/OBJIETBOTEHMH YCJIOBHI HEIIPEPHIBHOCTH ABWDKCHMUS, II03BOJIAET IPH3HATH PEaIbHOCTD
¥ MOJENIb JOCTATOYHO NONOOHBIMU M AaET BO3MOXKHOCTb OTHECEHMS (DM3MYECKMX BEMYMH, U3MEPSEMBIX
Ha MOJENH ISl PealibHbIX YCIOBUIA C IIOMOLIBIO COOTBETCTBYIOLINX KO3 (hUIHEHTOB TOH00us.

IIpAMeHeHHEe aHanu3a Pa3sMEPHOCTEH Hall0 BO3MOXHOCTH CHOPMYIMpPOBATH KaYECTBEHHOE M KOJIH-
YCCTBEHHOE ONMCAHME THAPABIMYECKMX XapAaKTEePUCTHK pPaguallbHbIX BOH03a00poB. OTO ommcaHue Tpe-
60BaJIO IIPOBEICHMS MOJEIbHBIX UCIBITAHMIH [T ONPEAeIeHUsT YACIOBBIX 3HAYCHUI SMINPHIECKHX KOId-
¢uimenToB. IIpuBeneHbl H30PAHHbIE PE3YJIbTAThl TAKUX HCCICHOBAHUM, NIPOBEACHHBIX B VIHCTHTYTE TEX-
HHUKHA OXPaHBI CpPEJbI.

IIpennaraeMblit MeTOA (HU3UYECKOTO MOJCIMPOBAHMS PAJHATBHBIX BOH03a00POB MOXKET IIpHME-
HATLCS B MOJIEJIBHBIX MCOBITAHMSIX TAKHX OOBEKTOB, B KOTOPHIX BOJ03a0MPAIOIIUM 3JIEMEHTOM SIBJISIOTCS
BOJOCOOPHMKH, T. €. QUIbTPOBBIE TPYOBI.



