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Introduction. The problem of adequate modeling of physical
processes and objects is an urgent task of modern science.
Automation of work in this area increases the accuracy of
modeling and saves money on full-scale modeling of objects
under study. The research objective was to create a computer
program that would automatically form dimensionless simi-
larity criteria based on the initial set of parameters.

Materials and Methods. The calculation algorithm is based
on wt-theorem of similarity theory and the basic provisions of
the dimensional theory.

Research Results. The computer program is developed. It
enables to get all the theoretically possible similarity criteria
for the simulation of the physical process or object of inter-
est.

Discussion and Conclusions. The results obtained can be
used in the industrial and scientific modeling of physical
objects of research, calculation of new similarity criteria,
solving problems of describing complex processes, etc.
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Introduction. Similarity criteria are dependencies between dimensionless combinations of parameters describ-

Beéeoenue. CoBpeMeHHas Hayka NPHU3HAET aKTYaJIBHOW IPO-
6reMy aJIeKBaTHOTO MOJEIMPOBAaHMS (HU3HYECKUX IPOIECCOB
1 00beKTOB. ABTOMaTH3alUus paboT B 3TOH cepe MOBHIIIAET
TOYHOCTh MOZEIMPOBAHUS ¥ SKOHOMHT CPEJCTBA Ha HATYPHOM
MOZENPOBAaHNHN 00BEKTOB M3ydeHus. Llenpro naHHOTO HCCITe-
JIOBaHUS OBUIO CO3/JaHHE KOMIBIOTEPHON NPOTPaMMBI, KOTO-
pas 1o UCXOIHOMY Habopy IapaMeTpoB aBTOMAaTHYECKH (op-
MHUpYeT 0e3pa3sMepHbIe KPUTEPHH TOJ00HS.

Mamepuanst u memoovl. B OCHOBE pPacueTHOrO AIrOPHUTMa
JIOKHUT T-TEOpeMa TEOPUH ITOJ00WS U OCHOBHBIC ITOJIOXKEHHS
TEOPUHU Pa3MEPHOCTEMN.

Pesynomamur uccneoosanus. Co3aHa KOMIIBIOTEpHAs IIPO-
rpaMma, KOTOpas IIO3BOJISIET MOJNYYHTh BCE TEOPETHYECKH
BO3MOJKHBIE KPHTEPHH TOJO0MS IJIsI MOAEIUPOBAHUS H3ydae-
MOro (hPU3MYECKOro Mporecca Wik 00beKTa.

Obcysrcoenue u 3axmouenue. T1orydeHHBIE PE3YIBTATHl MOTYT
OBITh MCHOJIB30BAaHbI B NPOMBINIICHHOM W HAyYHOM MOJEINH-
poBaHNH (U3NUECKUX OOBEKTOB HCCIICAOBAHUS, pacdeTe HO-
BBIX KPUTEPHEB MOROOHS, PEIIEHUH 3aa9 OITHCAHUS CIIOKHBIX
HPOLIECCOB U T. 1.

KnwueBble cioBa: kputepuil momo0Hs, TEOpHUs MOIOOUS,
Teopusi pa3MepHOCTEH, TT-TeopeMa, Ge3pa3MepHbI KOMILIEKC,
teopema KupnnyeBa — I'yxmana.

Odpasey, ona yumupoeanusa: llnbuposa, . M. dopmuposa-
HUE KpUTEPHEB 1000 GU3MIECKUX 0OOBEKTOB U IPOLIECCOB
Ha OCHOBE KOMITBIOTEPHOI MPOrpaMMBI
NonDimCritFormer 1.0 / 1. M. Lu6uposa / Bectaux [oH.
roc. TexH. yu-ta. — 2019. — T. 19, Ne2. — C. 179-184.
https://doi.org/10.23947/1992-5980-2019-19-2-179-184

ing an object or physical process. On the basis of similarity criteria, it is possible to create mathematical models of the

objects of interest [1-4].

Similarity criteria enable to establish the correspondence of the model and the object under study. They be-
come irreplaceable when the mathematical description of processes according to experiments or observations is not
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formed. In fact, similarity criteria are dimensionless power complexes of sets of physical parameters describing objects
and processes. They are identical in form and numerically equal for similar objects or processes.

The algorithm is based on the second theorem of similarity theory, the so-called n-theorem. In the source [5], it
is formulated as follows: any complete equation of the physical process, written in a certain system of units, can be rep-
resented by a functional dependence between the similarity criteria obtained from the parameters involved in the pro-
cess. From this, it follows that analyzing and combining with each other the physical parameters describing the object
of study, it is possible to make the similarity criteria of the object or physical process [5, 6].

When modeling objects of research on the basis of similarity theory, the analysis of the dimensions of the
physical parameters describing the object at its primary points [6, 7] is most frequently used.

Researchers select the determining physical parameters that describe the object of interest, in particular, pres-
sure, viscosity, density, speed, temperature, resistance, current, and, working with their dimensions, obtain a theoretical-
ly possible number of similarity criteria [8]. These criteria can then be used as the basis for mathematical or full-scale
modeling.

In the case when the initial object under study and the model have similarity criteria that are numerically equal
in the critically important zones, then, according to the third similarity theorem (Kirpichev -Gukhman theorem) [9], it
implies their physical similarity [6]. Therefore, to create, for example, a model of flow along the contour of pipes, it is
necessary to find the appearance and numerical value of the similarity criteria describing the real object, and then to
build a model or laboratory installation so that the values of the similarity criteria in it are numerically equal to the val-
ues of the same criteria on the real object.

The NonDimCritFormer 1.0 program presented in this paper enables a person who studies a physical object or
process to select significant physical parameters (see Fig. 1), which determine its basic parameters and calculate auto-
matically all theoretically possible similarity criteria and dimensionless complexes (see Fig. 2) formed on their basis.
The basis of this algorithm is the methods of analysis of dimensions of the selected physical parameters.

2. Description of the program algorithm

The basis of the algorithm implemented in the program of formation of similarity criteria based on the dimen-
sions of the selected physical parameters is a technique that includes five steps.

Step 1. Determination of physical parameters that affect significantly the physical properties of the object un-
der study. The accuracy of the results depends on the correct choice of parameters, neglecting nonessential ones. A
large number of selected parameters causes an increase in the number of obtained dimensionless complexes, but does
not increase the accuracy of the model formed on their basis.

Step 2. Compiling a matrix of dimensions for the selected physical parameters. In it, the dimensions of the se-
lected parameters in the corresponding degrees are arranged in rows. The dimension of the matrix corresponds to the
number of parameters and their units of measurement, that is, in the matrix there are as many rows as the selected pa-

rameters, and there are as many columns as the units of measurement. For example, a string corresponding to the physi-
2

cal parameter “electrical resistance, R”, which has a dimension of four units B MaTpHUIle pa3MEPHOCTeH OyneT

s 4% '
nMeThb By (2 1 -3 -2).

Step 3. Determination of the number of independent parameters. The number of independent parameters k cor-
responds to the rank of the dimension matrix, i.e. the largest order of the non-zero determinant which is based on the
rows of the matrix under study.

Step 4. Formation of groups of independent parameters. At this step, combinations of k pieces of m parameters
that make up a dimensionless complex are formed. That is, the units that are included in the dimension of the selected
parameters are mutually reduced, which leads to the fact that this combination of the selected physical parameters has
no dimension. Generally speaking, the complex consists of such parameters, the partial matrix of dimensions of which
has at least one determinant of k-4 order unequal to zero.

According to the combinatorial placement formula, the theoretically possible number of such complexes can be [1]

Cr/; _ m! ’
kt(m—k)!
where m is the total number of parameters, & is the rank of the complete matrix of dimensions.
Not all obtained complexes of the selected parameters make up a complex with a matrix of k-th order, there-

fore, very often the number of groups after the test is less than C,”fl .

Step 5. Determination of expressions for similarity criteria based on calculated groups of independent parame-
ters. Expressions are formed by the following algorithm.
1. Take another group of parameters. For example, set #1- P;...P;.
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2. We begin the calculation of similarity criteria with dividing the parameters of the next group by the parame-
ters of the current group. In particular, the following criteria can be drawn up for the set #1

_ Pk+1 _ Pm
= pYi. . pru oo Tk T pPrecr . pEaik ’
T By 1 ey

Ordinary division of a parameter by a set does not produce a dimensionless expression. To do this, you need to
calculate the values of powers x; ;...x; ; for each of the criterion expression.

3. Considering that the dimensions of the parameters in the numerators and denominators of the criterion com-
plexes should be equal, we form and solve a system of linear equations. Obtaining such a system is due to the equaliza-
tion of degrees at the same units of measurement in the numerators and denominators of the criteria, which are the
products of combinations of dimensions selected at the beginning of the calculation of physical parameters. As a result,
we obtain a system of g equations with £ = ¢ unknowns.

We obtain sets of m-k criteria for each group of parameters. The maximum possible number of dimensionless
complexes, which can be calculated on the basis of m parameters, is

n, =Ck . (m—k).
This value can be quite large. For example, for m = 7 and k = 3, the total number is 7, =140 . But, due to the

fact that the list of calculated criteria has a lot of the similar and reciprocal ones, the total number of selected criteria is
less than mg . The proportion of criteria which failed verification depends on the initial set of physical parameters select-

ed for study.

3. Program interface and functionality

The program NonDimCritFormer 1.0 is written in the language VisualBasic.Net. It has an intuitive Windows
interface and is easy to operate.

The user chooses physical parameters, which are essential, in his opinion, for the simulated object or process
(see Fig. 1), then, by clicking the mouse on the button “Generate all criteria” and “Remove repetitions of criteria”, all
similarity criteria (dimensionless complexes), which can be made on the basis of the selected physical parameters (see
Fig. 2) are displayed.

1=

Dafin Mpaska TecTol CTEHARTHEIE KPHTERHA
BEIGEPHTE HEHOAHbIE N3pAMETPI
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Fig. 1. Selection of initial physical parameters
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Fig. 2. Calculated similarity criteria
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Using the “Find standard criteria” button, you can detect the existing (named) similarity criteria in the list.
NonDimCritFormer 1.0 also enables to print the entire list of criteria or part of it, to save the list as a separate file, to
edit the base of standard criteria.

4. Examples of using the program

Calculation example 1. Under constant voltage conditions, we find similarity criteria describing the current
flow in a resistor, choke, and capacitor connected in series [8].

Step 1. Select the physical parameters essential for the simulated object. They include: current, I, A ; induct-
: capacitance, C, A2 ; resistance, R,; m voltage U, kg-m2

kg-mz’ 542 s 4

ance, L, and time ¢, s. Total parameters

S2 ~A2
are m = 6 and base unit are g = 4.

Step 2. The matrix of dimensions of the specified parameters has the form:

m kg s
t|0 0 1
cl-2 -1 4 2
L2 1 -2 =2
uljz 1 -3 -1
{0 0 0 1
Ri2 1 -3 2

Step 3. The rank of this matrix is £ = 3. It follows that the number of independent parameters in the group will
be three, and the number of criteria for each independent group will be m — k= 3.
Step 4. The total number of groups of independent parameters can be: C,]fl = Cg =20. Combinations of pa-

rameters are made automatically with the help of the described program. The algorithm checks the rank of the partial
matrix for each composed combination.
For example, for an ILU combination, a partial matrix would look like this:

0 0 0 1
ILv=2 1 -2 2
21 3 -1

The rank of this matrix is 3, therefore, this combination forms a group of independent parameters. Not all of
the possible 20 combinations are dimensionless similarity criteria. For example, tCL combination is not a criterion be-
cause the rank of the matrix is not equal to k. In the context of the initial set of physical parameters under consideration,
only 15 can be considered as similarity criteria.

Step 5. Drawing up similarity criteria passes through the solution of systems of linear equations, which are
formed on the basis of criterion complexes. For example, for a combination of ILU:

txl,l me sz 1
= M= =,
Jhe e e JACEIN iU et J52 [N U

after solving the system, which will result in finding the values of powers of dimensions x, the following crite-
ria will be obtained:
t C R

m=——7, = 5 TC3: .
I-L-U! I>.L.U2 0.u

Ty =

For each of 15 possible combinations of initial physical parameters, 3 criteria will be obtained. Among these
45 criteria, there are often repetitive and reciprocal ones. For this example, NonDimCritFormer 1.0 gives 11 unique

criteria:
t 1-1% %R
T 05 050 T 05 0 BT 05 0
C-L It CR
METE BToy T
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. c-U* kI L
7= > 8 =, » 9 = >
L C-R?
U-t R-t
oSy T

Calculation example 2. Consider the process of fluid motion in a horizontal pipe. To do this, we form similari-
ty criteria that describe the pressure drop in this process [10]. The most important parameters that describe the pressure
drop in the pipe during the passage of the liquid medium, the following values can be called:

Ap=f(o,p,p L),
. kg . ..oom . . kg .
where Apis the pressure, — 5 0ls the flow rate of the fluid, —; p is fluid density, 5 uis the coeffi-
m-s s m

. L k
cient of dynamic viscosity, £
m-s

Total parameters are m = 5, and the base units are ¢ = 3. The complete matrix of dimensions of the selected pa-
rameters has the form:

m kg s
pl|-1 1 -1
Ap -1 1 =2
L{1 0 0
p -3 1
ol 0 -1

The rank of the reduced matrix is £ = 3. The number of independent parameters in group is three and the num-
ber of criteria for each independent group is m — k = 2. Total groups can be C,/:l = C52 =10.

According to the calculations of the program, in this example, out of ten possible combinations, only nine are
independent groups. It follows that a total of 18 dimensionless complexes can be obtained. After removing the repetitive
and reciprocal ones, the program gives 6 unique combinations.

L-Ap Ap L-Ap%? - p%?
n-o p-® p
"o Lpo L*-Ap-p
TC4=T, Mg =—", 756:—2.
Ap™ u 1!

It is important to note that the complexes 7, and w5 are expressions of the Euler and Reynolds criteria, respec-
tively [3].

4. Conclusion

The computer program NonDimCritFormer 1.0 is proposed. With its help, on the basis of selected physical pa-
rameters that determine the characteristics of the object under study or the physical process in its characteristic spatial
and temporal points, it is possible to form dimensionless complexes — similarity criteria describing the object of study.
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