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Abstract. This paper presents the original methods for the valves mathematical models
determination based on the theoretical and experimental results obtained by the valve
response time investigation. The methods for defining the estimation of agreement
between the model T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α  and results of research, are also formed, as

well as an original plan for theoretical and experimental investigation.
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1. GOALS AND CONTENT OF RESEARCH

This paper is in continuity with previous ones [1 to 20] made by the same authors. The
paper presents the methods for the valves mathematical models determination together
with the methods for defining the estimation of agreement between the model and
theoretical and experimental results.

The main goal of the research is to define methods for transformation of the valve
response time mathematical model into certain analytical expression in the form like
T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α . Accordingly, the process of analysis could be done much easier.
The next goal is to define the plan of theoretical and experimental research, proper

level of investigation and multi-correlation coefficient, all of that in order to establish
valuable estimation of agreement between the model and investigation results.

For the functional relationship in the form:

Tzi = Ar a γ b δ c ϕ d α e pf g (1)
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coefficients of the best approximation plane in the sense of the least square method, that
means, corresponding regression planes, could be obtained by regression analysis,
utilizing experimental data for Tzi. On the basis of expression (1) it is quite easy to make a
choice between the system characteristic parameters (r,γ,δ,ϕ,α,pf) which determine the
minimum value of the valve response time.

On the basis of the originally developed analytical expressions for multi-correlation
coefficients, partial correlation coefficients and plan for theoretical and experimental
investigation, couple of algorithms are established. Those algorithms are related to the
mathematical models of the similar valves determination, as well as to the characteristic
multi and partial correlation coefficients numerical identification, with the final aim to
establish the qualitative estimation of the order of harmony between the theoretical model
and experimental data for Tzi.

2. METHOD FOR MATHEMATICAL MODELS DETERMINATION FOR THE SIMILAR VALVES

The mathematical model of the valve shut-down or response time when the valve is
exposed to the air blast pressure impulse, can generally be written in the form as
expression looks like. Analytical expression for the valve response time, when the valve is
exposed to the shock wave, can be determined by regression analysis, with the least
square method, utilizing theoretical and experimental data for Tzi .

If we find a logarithm of expression (1) we shall have:

1 1 1 1 1 1 1 1nT nA a nr b n c n d n e n g npzi f= + + + + + +γ δ ϕ α .

Then, if we introduce the following substitutions:

Y nT a nA a a X nr a b X n a ci zi i i= = = = = = =1 1 1 10 1 1 2 2 3; ; ; ; ; ; ;γ

X n a d X n a e X n a g X npi i i i f3 4 4 5 5 6 61 1 1 1= = = = = = =δ ϕ α; ; ; ; ; ;

and take into account the theoretical and experimental data error (ε), we will get a linear
regression equation:

Y a a X a X a X a X a X a Xi i i i i i i= + + + + + + +0 1 1 2 2 3 3 4 4 5 5 6 6 ε (2)

The constants (a0,a1,a2,a3,a4,a5, a6) determination is made by theoretical and
experimental data analyisis, utilizing the least square method [4 to 9, 16, 17 to 26]. The
method consists of the minimization of dispersion of theoretical and experimental results
form a regression polinomial:

ε εY a a X a X a X a X a X a Xi i i i i i i− − − − − − − =0 1 1 2 2 3 3 4 4 5 5 6 6
2b g

min min
( ) (3)

The minimum dispersion values can be find by differentiation of polinomial (3) with
respect to the parameters of interest and by equalizing the first derivative with zero. After
some formal rearrangements we shall get the equation set presented in a matrix form:
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The mathematical model of valve (1) could be obtained by the regression analysis,
exploiting the least square method and utilizing theoretical and experimental data for Tzi.

To establish the qualitative estimation of the order of agreement between analyitical
expression for Tzi and investigation results obtained for Tzi, it is necessary to define
analytical expressions for the multi-correlation coefficients and characteristic partial
correlation coefficients related to the functional relationship (1).

For that purposes, in order to make the presentation as simplest as possible, the
following indexes are intoduced: index »1« correspond to the vlave fin semiradius (r),
index »2« corresponds to the valve fin material density (γ), index »3« corresponds to the
valve fin thickness (δ), index »4« corresponds to the valve fin rotation angle (ϕ), index
»5« corresponds to the fin rotational axis inclincation angle with respect to vertical plane
(α), and index »6« corresponds to the pressure in the direct shock wave front (pf), [16,
17]. So, the functional relationship (1) can be expressed in the following form,
considering the indexes mentioned above:

T Ar pzi
a b c d e

f
g= 1 2 3 4 5 6

γ δ ϕ α (5)

3. MULTI-CORRELATION COEFFICIENT Ri⋅123456 FOR FUNCTIONAL RELATIONSHIP
T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α

The multi-correlation coefficient Ri⋅123456 for functional relationship (5) defines the
order of agreement between the established valve mathematical model and the obtained
investigation results for Tzi. That coefficient can be defined by the following analytical
expression, [17]:

R r r r r r ri i i i i i i⋅ ⋅ ⋅ ⋅ ⋅ ⋅= − − − − − − −123456 1
2

2 1
2

3 12
2

4 123
2

5 1234
2

6 12345
21 1 1 1 1 1 1[( )( )( )( )( )( )] (6)

3.1. Partial correlation coefficient ri2⋅⋅⋅⋅1

The partial correlation coefficient ri2⋅1, existing in expression (6) can be defined by the
following analytical expression, [16,17]:

r r r r

r r
i

i i

i
2 1

2 1 21

1
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21
21 1

⋅ =
−

− −( )( )
(7)
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3.2. Partial correlation coefficient ri3⋅⋅⋅⋅12

The partial correlation coefficient ri3⋅12, existing in expression (6) can be defined by
the following analytical expression:
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r r r
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(8)

The partial correlation coefficients, ri3⋅2, ri1⋅2 and r31⋅2 existing in expression (8) can be
defined by the following analytical expressions, [16,17]:
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3.3. Partial correlation coefficient ri4⋅⋅⋅⋅123

The partial correlation coefficient ri4⋅123, existing in expression (6) can be defined by
the following analytical expression, [17]:
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The partial correlation coefficients ri4⋅23, ri1⋅23 and r41⋅23 existing in expression (12) can
be defined by the following analytical expressions:
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The partial correlation coefficients ri4⋅3, ri2⋅3 and r42⋅3, existing in expressions (13) and
(14) can be defined by the following analytical expressions:
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The partial correlation coefficients ri1⋅3 and r12⋅3, existing in expressions (14) and (15)
can be defined by the following analytical expressions:
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The partial correlation coefficient r41⋅3, existing in expression (15) can be defined by
the following analytical expression:

r
r r r

r r
41 3

41 43 13

43
2

13
21 1

⋅ =
−

− −( )( )
(21)

3.4. Partial correlation coefficient ri5⋅⋅⋅⋅1234

The partial correlation coefficient ri5⋅1234, existing in expression (6) can be defined by
the following analytical expression, [17]:
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The partial correlation coefficients ri5⋅1234, ri1⋅234 and r51⋅234, existing in expression (22)
can be defined by the following analytical expressions:

r
r r r

r r
i

i i

i
5 234

5 34 2 34 52 34

2 34
2

52 34
21 1

⋅
⋅ ⋅ ⋅

⋅ ⋅

=
−

− −( )( )
(23)

r
r r r

r r
i

i i

i
1 234

1 34 2 34 12 34

2 34
2

12 34
21 1

⋅
⋅ ⋅ ⋅

⋅ ⋅

=
−

− −( )( )
(24)

r
r r r

r r
51 234

51 34 52 34 12 34

52 34
2

12 34
21 1

⋅
⋅ ⋅ ⋅

⋅ ⋅

=
−

− −( )( )
(25)

The partial correlation coefficients ri5⋅34, ri2⋅34 and r52⋅34, existing in expression (23) can
be defined by the following analytical expressions:
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The partial correlation coefficients ri1⋅34 and r12⋅34, existing in expression (24) can be
defined by the following analytical expressions:
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The partial correlation coefficients r51⋅34, existing in expression (25) can be defined by
the following analytical expression:
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The partial correlation coefficients ri5⋅4, ri3⋅4 and r53⋅4, existing in expression (26) can
be defined by the following analytical expressions:
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The partial correlation coefficients ri2⋅4 and r23⋅4, existing in expression (27) can be
defined by the following analytical expressions:
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The partial correlation coefficient r52⋅4, existing in expression (28) can be defined by
the following analytical expression:
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The partial correlation coefficients ri1⋅4 and r13⋅4, existing in expression (29) can be
defined by the following analytical expressions:
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The partial correlation coefficient r12⋅4, existing in expression (30) can be defined by
the following analytical expression:

r r r r

r r
12 4

12 14 24

14
2

24
21 1

⋅ =
−

− −( )( )
(40)

The partial correlation coefficient r51, existing in expression (31) can be defined by
the following analytical expression:
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The partial correlation coefficients ri1, ri2, ri3, ri4 and ri5, can be defined by the
following analytical expressions:
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The partial correlation coefficients r12, r13 and r14, can be defined by the following
analytical expressions:
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The partial correlation coefficients r23, r24 and r34, can be defined by the following
analytical expressions:
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where: r r23 32≡ , r r24 42≡  and r r34 43≡ .
The partial correlation coefficients r52, r53 and r54, can be defined by the following

analytical expressions:
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3.5. Partial correlation coefficient ri6 12345⋅

The partial correlation coefficient ri6⋅12345 for functional relationship (5) defines the
order of agreement between dependent variable Tzi and independent parameter pf, in the
case when the other independent parameters (r,γ,δ,ϕ,α) are presumed to be constant. This
coefficient can be defined by the following analytical expression, [17]:
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4. PLAN FOR THEORETICAL AND EXPREIMENTAL INVESTIGATION OF FUNCTIONAL

RELATIONSHIP T Ar pzi
a b c d e

f
g= 1 2 3 4 5 6

γ δ ϕ α

The plan for theoretical and experimental investigation of the functional relationship
T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α  is given in Table 1. The total number of experimental units is:

N n n n n n nr pf
= γ δ ϕ α (57)

where: nr  - level number of characteristic parameter r,
nγ - level number of characteristic parameter γ,
nδ - level number of characteristic parameter δ,
nϕ - level number of characteristic parameter ϕ,
nα - level number of characteristic parameter α and
npf

 - level number of characteristic parameter pf
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Table 1

Direct shock wave front pressure
pf [kPa]

pf1 pf2 ... pfnpf

Valve fin
semiradius

r[m]

Valve fin
material
density

γ[kg/m3]

Valve fin
thickness

δ[mm]

Valve fin
rotation
angle

ϕ[o]

Valve fin
rotational

axis
inclination

angle
α[o]

Valve shut
– down or response time

Tzi[s]
α1

...ϕ1

αnα
...

α1

...

δ1

ϕnϕ
αnα

...
α1

...ϕ1

αnα
...

α1

...

γ1

δnδ

ϕnϕ
αnα

α1

...ϕ1

αnα
...

α1

...

δ1

ϕnϕ
αnα

...
α1

...ϕ1

αnα
...

α1

...

rnr

γnγ

δnδ

ϕnϕ
αnα

5. CONCLUSION

The original method for determination of the valves mathematical models were
presented here, as well as the methods for estimation of the agreement between the model
T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α  and practical results of investigation. The methods are based upon the

theoretical and experimental research.
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More precisely, here we defined the methods for transformation of analytical
expressions of the similar valves shut-down time (obtained in exact way, utilizing the laws
of Physics) into analytical expressions in form T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α . It was done in order
to make the analysis of the system characteristic parameters (r,γ,δ,ϕ,α,pf) as easier as
possible. The analysis has to show which parameters determine the minimum valve
response times. An original plan for theoretical and experimental investigation of suitable
level of research was made. Also, the analytical expressions for characteristic partial
correlation coefficients and multi-correlation coefficient were developed in order to
establish qualitative estimation of the agreement between the model and practical data.

REFERENCES

 1. Knežević,D., Bjelogrlić, Z., Knežević, V. Matematičko modeliranje ventila specijalne namene,
Jedanaesti kongres o opremi u procesnoj tehnici, PROCESING '97, Tivat, 16-19. septembra 1997.,
jugoslovenski naučno-stručni časopis, Procesna tehnika br. 3-4, septembar-decembar 1997., Zbornik
radova, SMEITS, Beograd, 1997., str. 281-184.

 2. Knežević, D., Bjelogrlić, Z., Knežević, V. Metod pronalaženja analitičkih izraza koeficijenata otpora i
otpora sličnih ventila specijalne namene, Dvanaesti kongres o opremi u procesnoj tehnici, PROCESING
'98., Bečići, 15-18. septembra 1998., Procesna tehnika br. 4, SMEITS, Beograd, 1998.

 3. Knežević, D.: Kriterijumi za izbor optimalnih karakteristika ventila specijalne namene, 29. kongres o
grajanju i hlađenju i klimatizaciji, KGH Beograd, 1998.

 4. Knežević, D.: Istraživanje optimalnih rešenja ventila za zaštitu od vazdušnoudarnih talasa nuklearne
eksplozije u vazduhu i uporedna analiza teorijskih i eksperimentalnih rezultata, magistarski rad,
Fakultet tehničkih nauka, Novi Sad, 1983.

 5. Knežević, D.: Nalaženje analitičkog izraza vremena zatvaranja protivudarnih ventila, Naučno-tehnički
pregled, Vol. XXXV, 1985., br. 9, str. 6-13.

 6. Knežević, D.: Analitički metod definisanja kombinovanog protivudarnog ventila za regulaciju
napdpritiska, Naučno-tehnički pregled, Vol. XXXVI, 1986., br. 9, str. 13-24.

 7. Knežević, D.: Nalaženje analitičkog izraza koeficijenta otpora ventila metodom potpunog
eksperimenta, Naučno-tehnički pregled, Vol.XXXV, 1985., br. 7-8, str. 21-26.

 8. Knežević, D.: Metod nalaženja analitičkog izraza koeficijenta otpora protivudarnih ventila, Naučno-
tehnički pregled, Vol. XXXV, 1985., br.10, str. 37-44.

 9. Knežević, D.: Analitički metod definisanja ventila za regulaciju protoka vode, Naučno-tehnički pregled,
Vol. XXXVI, 1986., br. 5, str. 11-17.

 10. Knežević, D.: Uporedna analiza teorijskih i eksperimentalnih rezultata vremena zatvaranja
protivudarnih ventila usled dejstva vazdušnoudarnog talasa, Naučno-tehnički pregled, Vol. XXXVI,
1986., br. 1, str. 31-38.

 11. Knežević, D.: Analitički model definisanja hidrauličkog protivudarnog ventila, Naučno-tehnički
pregled, Vol.XXXVI, 1986., br.8, str. 12-22.

 12. Knežević, D.: Analitički izrazi vremena zatvaranja hidrauličkog protivudarnih ventila sa oprugom,
Naučno-tehnički pregled, Vol.XXXVIII, 1988., br. 1, str. 11-21.

 13. Knežević, D.: Analitičko definisanje hidrauličkih protivudarnih ventila sa oprugom, Naučno-tehnički
pregled, Vol.XXXVIII, 1988., br.2, str. 24-29.

 14. Knežević, D.: Analitičko definisanje kriterijuma za ocenu valjanosti ventila namenjenih za zaštitu od
prodora impulsa pritiska vazdušnoudarnog talasa nuklearne eksplozije u unutrašnjost objekta, Naučno-
tehnički pregled, Vol. XLI, 1991. br., 4, str. 47-52.

 15. Mandić,J., Knežević, D.: Analitički metod određivanja zavisnosti zapreminske komore i propusnog
pritiska protivudarnih ventila od pritiska vazdušnoudarnih talasa, Naučno-tehnički pregled,
Vol.XXXVII, 1987., br. 2, str. 3-7.



Methods for Determination the Mathematical Models of Valves and Analytical Estimation of Agreement...1015

 16. Knežević, D., Uzelac. D.: Metod nalaženja analitičkih izraza vremena zatvaranja sličnih ventila usled
dejstva vazdušno-udarnog talasa i analitičke ocene modela, 25. naučno-stručni skup HIPNEF'96,
Hidraulika, pneumatika, fluidika, Zbornik radova, izdanje SMEITS, Beograd, 1996, str. 119-216.

 17. Knežević, D.: Prilog analitičkom definisanju pneumatičkih karakteristika sistema ventila specijalne
namene, doktorska disertacija, mašinski fakultet, Beograd, 1994.

 18. Knežević, D.: Analitičko definisanje vremena zatvaranja protivudarnih ventila, Vojnotehnički glasnik,
Beograd, 1991., br.1, str.60-66.

 19. Knežević, D.: Analitičko definisanje vremena zatvaranja kombinovanih protivudarnih ventila sa
membranom za regulaciju nadpritiska, Vojnotehnički glasnik, Beograd, 1991., br.2., str.168-173.

 20. Knežević, D.: Analitičko definisanje hidrauličkih protivudarnih ventila sa armiranom membranom,
Vojnotehnički glasnik, Beograd, 1991., br.3, str.316-322.

 21. Vukadinović, V.: Elementi teorije verovatnoće i matematičke statistike, drugo izmenjeno izdanje,
Privredni pregled, Beograd, 1978.

 22. Šikoparija, V.: Teorija sličnih modela, Fakultet tehničkih nauka Univerziteta u Novom Sadu, Novi Sad,
1980.

 23. Nenadović, M.: Metode optimizacije sistema, SANU, Beograd, 1980.
 24. Nenadović, M.: Matematička obrada podataka dobijenih merenjem, SANU, posebno izdanje, knjiga

DLXXXII, Odeljenje tehničkih nauka, knjiga 29, Beograd, 1980.
 25. Pantelić, I.: Uvod u teoriju inženjerskog eksperimenta, Radnički univerzitet “Radivoj Ćipranov”, Novi

Sad, 1986.
 26. Andonović, J.: Osnovi računa verovatnoće i teorije najmanjih kvadrata, Naučna knjiga, Boegrad, 1986.
 27. Freund, J., E.: Mathematical Statistics, New York, 1971.
 28. Ferguson, S.: Mathematical Statistics, New York, 1967.

METODE ZA ODREĐIVANJE
MATEMATIČKIH MODELA VENTILA I ANALITIČKA OCENA

SLAGANJA MODELA I ISTRAŽIVANJA

Dragan Knežević

Ovaj rad prezentira originalne metode za određivanje matematičkih modela ventila bazirane na
teorijskim i eksperimentalnim rezultatima dobijenim pomoću istraživanja vremenskog odziva ventila.
Formirane su metode za određivanje ocene slaganja između modela T Ar pzi

a b c d e
f
g= 1 2 3 4 5 6

γ δ ϕ α  i rezultata

istraživanja kao i originalni plan teorijskog i eksperimentalnog istraživanja.


