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RELATIONSHIP BETWEEN REGULATORY MANUFACTURING
PRECISION OF FIRE NOZZLE AND ITS WATER JET
TRAJECTORY GEOMETRIC CHARACTERISTICS

In present paper showed the methodology, grounded, evaluated, illustrated and an-
alytically described by formulas influence of manufacturing precision of the fire nozzle
outlet hole diameter of which meets the regulatory and established requirements on its
water jet trajectory geometric characteristics, namely the distance of the flight and height
of lifting, for various values of inclination angle of the nozzle axis to the horizon, both
in absolute and in relative terms. Expedience of beta distribution using for describe these
variables taking into account the non-linearity of their dependence on each other was
grounded.

Key words: fire safety, fire nozzle, water jet, manufacturing precision.

Introduction. From the main provisions of the hydraulics is known that the
geometric parameters of trajectory of water jet from a convergent conical nozzle,
what is the manual fire nozzle (MFN), depends on diameter of its outlet hole [1 — 5].
In approximate calculations of these water jet parameters are used the nominal value
of the MFN outlet hole diameter [3 — 5]. However, this parameter is conditional and
characterized by a certain value of the precision [6, 7]. Analysis and evaluation of
the accuracy of manufacture of fire fighting equipment components, as well as any
technical object, is the subject of research of metrology [1, 2]. Since the MFN is
the product of mass production, the basic requirements to it are reflected in GOST
9923-93 [6] and other normative legal acts, which are set including the precision
requirements of its manufacturing. From the main provisions of hydraulics are also
known, and other factors affecting the geometric characteristics of the water jet
from the nozzle of this type, as the MFN [3 — 5]. Therefore, study of the impact of
MFN regulatory manufacturing precision on the geometric parameters of a water
jet from it are allocated a significant scientific and practical interest.
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Statement of the problem and its solution. The purpose of study is justifica-
tion for the need to consider the regulatory established values of MFN output hole
size deviation in the calculation of its water jet trajectory geometric characteristics
and the calculated estimation the value of this impact. The object of study is the
geometric characteristics of the trajectory of MFN water jet. The subject of study
is the influence of MFN regulatory manufacturing precision as a mass-produced
product on the object of study.

From described in [8] the list of geometric characteristics of the outlet opening
MEFN the most simple (basic) is its diameter d,. To describe the effect of the value
d, on the geometric characteristics of the trajectory of the water jet from MFN
is possible to use the method of approximate calculation of these characteristics
from [3, 5]. Also we can use the assessment methodology of influencing factors
measurement errors on the MFN jet trajectory geometric characteristics from [2, 3,
5]. The main geometric characteristics of the MFN water jet trajectory are its flight
length / and lifting height 4. In the approximate calculation (i.e. without taking into
account air resistance), these values are determined by the formulas (1) and (2) in
meters [2, 3, 5].

1= (72 -cos0, / g )-(sin 0, +sin? 0, +2-g 1y /72 ). (1)
h=Vg -sin® 00/(2-2)+hy, (2)

where V| — average initial velocity of water flow in a living cross section
matching with the MFN outlet hole, m/s; g — acceleration of gravity, m/s* A —
height of MFN outlet hole center placement relative to an arbitrary horizontal
plane, which is directed along the x axis, m; ©, — inclination angle of MFN axis to
the horizon, degree.

The trajectory of MFN water jet and its geometric characteristics and also the
factors influencing on it are illustrated in Fig. 1. [3, 5].

Yal

v

{

Figure 1 — Motion trajectory of water jet from MFN [3, 5]
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In the such problem statement on the value of / and /4 is influenced only fol-
lowing factors: V', A, ©,, of which with MFN outlet hole geometric characteristics
is directly related value of ¥ only. Moreover, this relationship can be described by
the continuity equation of fluid flow from the formula which binds the volumetric
water flow rate through any MFN normal cross section O, (in m’/s) and the area of
its outlet hole o, (in m?) by the formulas (4) and (4).

Vy=0,/ o, (3)

o,=n-d’ /4. 4)

The value h, we will conventionally assumed to be constant both for case of
nozzle placed in rescuer hands, and for case of its fixed on carriage. Accordingly,
the setting and accounting the precision level of determination of this values in
such problem statement does not make sense. Accounting of precision of ® value
in such problem statement is also meaningless, since during the fire extinguishing
MFN axis inclination angle dynamically and randomly changing personally by
rescuer for adjusting of jet impact point on the burning object, that is, ®, = 0 ...
90°. The same applies to the O, value, which depends on the unpredictable changes
in the parameters of the pump and hose lines. Then the value of / in this problem
statement is a function of one independent variable — V. Because the task of setting
of absolutely exact value of ¥ is impossible in principle, the impact of error of its
determination AV on jet length error value A/ may be described by the formulas
(5) and (6) from references [3, 5] (since there is only one influence factor in these
formulas, it is possible to use of partial derivatives algebraic values), adding them
by formulas (7) — (12).

Al =01/ 0Vy|- AV, (5)
Ah ~|0h/OV,|- AV, (6)
2 s 2

o _1 sin(20, )V, +2-cos 6, Vo sin” 0y + 8-l : 7
vy g \/Voz-sin290+2-g-h0

Oh/ oV, =sin*0,-V,/ g, (8)
AV, = (0V, /6wy )- Aw,, 9)
oV, /6wy =—-0/og (10)

In the normative documents (for example, GOST 9923-93 [6]) and in the
specialized literature (for example, [3, 5]) established a series of MFN outlet hole
nominal diameters d, and precision qualitet and type of tolerance field for this
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parameter. Thus, for the nozzle RS-50A with d, = 13 mm set accuracy of H11, that
according to the data given in [7], means that the value of this parameter should be
in the range 13.00...13.11 mm, and the diameter indicated the drawings as @13H11
i @137, That is, the parameter is changed by the regulatory requirements by
the amount Ad = +0,84 % relative to values d, =d,.

For the nozzle RS-50A with outlet hole having a maximum possible value
of diameter within the these requirements, and typical case described in [3, 5], A,
= 1 m (when MFN placed in the rescuer hands), and ¥, = 20 m/s (a value close to
the maximum possible for these conditions). Then we have the following results of
the application the formulas (9) — (12): dw /od, = 0,0204 m, Ao, = 2,246:10° m?,
oV /ow,=—-1,507-10° (m's)"', AV, = -0,338 m/s (AV, = —1,692 %). For different
O, values have the following results of formulas (1) — (8) application, they are
shown in Table. 1 and Fig. 2 — Fig. 4. Dependences of the values of / and / (in m)
from the ® value are shown in Fig. 2. Dependences of the absolute A/ (in m) and
relative Al_(in %) values of / from value of ®, are shown in Fig. 3. Dependences
of the absolute Az (in m) and relative Az_(in %) values of / from value of © are
shown in Fig. 4.

As can be seen from Table. 1 and Fig. 3 at ®, = 45° the value of /, 0//0V  and
Al reaching maximums: 41.751 m, 4.08 s and —1.381 m accordingly, and therefore
[==41.751  ,, m,0r40.370</<41.751 m, the value Al amounts to—3.31 %, and the
actual value of / in this case is determined with an accuracy of £0.691 m or £1.66%
relative to the value corresponding to the influencing parameter middle of the tole-
rance field. The value of A/ reaching its maximum equal to —3.345 % at ©® = 90°. It
should be noted that when ©, = 0°, these values are not equal to zero: /= 9.030 m,
ol/oV,=0.452 s and Al =—-0.153 m,A [ =-1.692 %.

Table 1 — Parameters of the water jet trajectory from fire manual nozzle RS-50A, which are in
compliance with regulatory requirements, depending on the inclination angle of its axis to the horizon

Para- Unit Value of parameter
meter ath,=1m, ¥V, =20 m/s,d,=13.0 mm, Ad, = +0.11 mm, AV, =-0.338 m/s
0, degree 0 10 20 30 40 45 50 60 70 80 90
/ m 9.030 | 18274 | 28.717 | 36.967 | 41314 | 41.751 | 40.977 | 35.880 | 26.568 | 14.120 | 0.000
h m 1000 | 1.615 | 3385 | 6.097 | 9424 | 11.194 | 12.964 | 16291 | 19.003 | 20.773 | 21.387
ol/oV, S 0452 | 1477 | 2.641 | 3538 | 4.019 | 4080 | 4.017 | 3532 | 2621 | 1.395 | 0.000
Al m 0.153 | -0.500 | -0.894 | -1.198 | -1.360 | -1.381 | -1.360 | -1.195 | -0.887 | -0.472 | 0.000
Al % 1692 | -2736 | -3.113 | -3240 | -3292 | -3.307 | -3.318 | -3332 | -3339 | -3.343 | -3.345
oh/oV S 0.000 | 0061 | 0238 | 0510 | 0842 | 1.019 | 1.196 | 1.529 | 1.800 | 1.977 | 2.039
Ah m 0.000 | -0.021 | -0.081 | -0.173 | -0.285 | -0.345 | -0.405 | -0.518 | -0.609 | -0.669 | -0.690
Ah % 0.000 | -1.289 | -2.385 | -2.829 | -3.025 | -3.082 | -3.124 | -3.177 | -3207 | -3.222 | -3.226

In contrast to the flight length of MFN water jet as is seen from Table. 1 and
Fig. 4, the values of h, 0h/0V, Ah u Ah reaching maximums at ® = 90° — accor-
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dingly: 21.387 m, 2.04 s, —0.690 m and —3.23 % and therefore 7 = 21.387  , m,
or 2.0697 < h <21.387 m, and the actual value of / in this case is determined with
an accuracy of £0.691 m nwnu +1.66 % relative to the value corresponding to the
influencing parameter middle of the tolerance field. When ® = 0° the values of
Oh/OV,, Ah m Ah_are equal to zero and 7 = A,

Also from the data shown in Fig. 2 and 3 and Table. 1 implies that the values
of the relative errors in determining the values of / and 4 (Al and A# ) significantly
modified by changing the value of ©® between 0 and 45°. After reaching values of O
45° and down to the 90° they “go on the shelf”, asymptotically approaching the value
of 3.5 %. At the same time influence factor (d,) changed only by the amount of
A d, =+0,846 %, being in inverse correlation with the desired values.

Let us get dependences describing research results analytically. Dependences
for the absolute values of A/ and Ak, received by transforming the formulas (5), (6)
taking into account the formulas (3), (4), (7) — (12) (in m) have the following form:

_H-ctg@O-Ado,,-(\/er\/E)z 13
50-g-\/§ ’ (13)

(14)

Al =

A-Ad,,
50. g
where Ad r —relative change of diameter value d0, %; A and B — substitution
values for facilitate the calculation, determined by the following formulas:

Ah =

A=V -sin®0,; (16)
B=A+2-g-h,. (17)

Dependences for the relative values of Al and Az , obtained by ratio of formu-
las (13) and (14) with formulas (1) and (2) (in %):

Azr=A—Z-100=—2'Adof'(“A+ “B), (18)
! JB
Ah 4-Ad,, - A
Ah, ===.100 = ———"0r" 2
: 2 (19)

Thus, from the analysis of the above results of performed estimation it follows
that impact of changes of MFN of the model RS-50A outlet hole diameter, located
within the regulatory established tolerance field, has a significant impact on the
geometric parameters of its water jet motion trajectory, in particular on its flight
length and lifting height.
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Figure 2 — Dependences of the values of MFN water jet flight length and lifting height from the va-
lue of inclination angle of its axis to the horizon: © — /, m; m — A, m
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Figure 3 — Dependences of the absolute and relative changes of flight length of water jet from MFN
which corresponding to the requirements of GOST from the value of inclination angle of its axis
to the horizon: o — Al, m; A —Al, %
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Figure 3 — Dependences of the absolute and relative changes of lifting height of water jet from MFN
which corresponding to the requirements of GOST from the value of inclination angle of its axis
to the horizon: o — Ak, m; A —Ah, %

The above confirms and illustrates the feasibility of using the mathematical
apparatus of the beta distribution to describe distribution law of physical value
having a non-linear effect on the other physical values, even if the condition of
precise description empirical distribution of such physical value by the normal
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law [8, 9]. In this case, such an influence quantity is d, which is a mathematical
expression for: o, at 2" degree (see formula (4)), V, at -2 degree (see formula (3)),
[ and h at —2 and —4 degrees (see formulas (1) and (2)).

Conclusions. Thus, this study shows the methodology, substantiated, estima-
ted, illustrated and described by analytical formulas the impact of manufacturing
precision of manual fire nozzle diameter outlet hole, which corresponds with
regulatory established requirements, on the trajectory geometric parameters of
water jet from it, in particular its flight length and lifting height, for various values
of nozzle axis inclination angle to the of the horizon, in both absolute and relative
terms. It found that such an impact is significant.

Also in the study was substantiated the expediency of using the beta distribu-
tion for description of these variables taking into account non-linearity of their
mutual influence.
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U.B. Muwenko, A.H. Konopamenxo

OPT COHIIPY KOJI OKITAHbBIH OHAIPYAIH HOPMATHUBTIK
JOJIAIT'TMEH OJAH HIBIFATBIH CY AFBICBIHBIH I'EOMETPUAJIBIK
CUITATTAMAJIAPBI APACBIHJIAFBI ©3APA BAMJTAHBIC

[bIry TeCIriHIH JuaMeTpi HOPMATUBTI TypJle OCKITUINEeH TajlalTapra CoMKec
KEJIETIH OpT COHJIPY KOJ OKIaHbIH OHAIPYAIH HOPMATHUBTIK JQJIITIHIH OJaH
HIBIFATBIH CY aFbICBIHBIH T€OMETPUSIIBIK CUMATTaMalapblHA dCEepl aHATUTUKAIIBIK
dbopmynanapbIMeH OCHHENEHIN, CypeTTenin, 0ara Oepuin, Her13AeMin, d1icTeMect
KeNTipireH. Aram aiitap Ooyicak, OKIMaH OUTTIHIH JCHIeKHEeKKe KapacThl
Uiyl OYPBIIIBIHBIH TYPJl KOPCETKIMITEPIHIET] CY aFbICHIHBIH YIIY KalllbIKTHIFBI,
KOTepiay OMIKTIIT aOCOJIOTTIK ’KOHE CAJIBICTBIPMAJIbl MOJIIEPPIEPAE OJIILIEITEH.
Ochbl MemmepepiiH 6ip-0ipiHe dCepiHiH CHI3BIKTHIK EMECTITTH €CeIKe ajia OThIpa,
oJlap/ibl CUMATTay YIIiH OeTa-TapaTKbIIIThI KOJITaHY/IbIH JalbIKTHIFbI 19N ACHTEH.

Heezizei mycinikmep: epT KayllCi3Airi, ©pT COHAIPY KOJI OKIAHBI, Cy aFbIChI,
OHIIPIC JIOJIIITI.

U.B. Muwenko, A.H. Konopamenko
Hayuonanwnwiii ynusepcumem epasxicoanckoui 3auwumsl Ykpaunvl, 2. Xapbkos,

B3AUMOCBS3b HOPMATUBHOW TOYHOCTU U3TOTOB-
JIEHUA PYYUHOI'O ITOXAPHOI'O CTBOJIA U TEOMETPUYECKUX
XAPAKTEPUCTHK BBIXOJIAIIEN U3 HETO CTPYHY BOJIbI
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O6ecneyeHye NOXKapHOM 1 NPOMBILLIEHHOK 6E30MacHOCTH

[IpuBenena wmeronuka, OOOCHOBAHO, OIICHEHO, MPOWJUIIOCTPUPOBAHO U
OMMCAHO AHAIUTHYECKHU (HOpPMYJIaMU BIHMSHUE TOYHOCTH HU3TOTOBJICHUS PYyYHOTO
MOXKApPHOTO CTBOJIA, JHAMETP BBIXOJHOTO OTBEPCTHS KOTOPOTO OTBEYAET
HOPMATHBHO YCTAHOBJICHHBIM TPEOOBAHUSIM, Ha TE€OMETPUUYECKHE IMapaMeTphl
TPAEKTOPUU CTPYHU BOABI U3 HEro, B YACTHOCTU €€ JaJbHOCTb IOJIETa U BBICOTY
noJbeMa, ISl pa3IMuHbIX 3HAUCHUN yIJia HAKJIOHA OCU CTBOJIa K TOPU30HTY, KaK B
a0COJIIOTHBIX, TaK U B OTHOCUTEIBHBIX BelnunHax. O00CHOBaHA 11€71€CO00pa3HOCTD
UCIIOJIb30BaHUs OeTa-pacipesieNieHusl Uisl ONMUCAaHMUSI ATUX BEIUYHUH C Y4ETOM
HEJTMHEWHOCTH UX B3aUMHOTO BIIMSIHUS.

Knrouesvie cnosa: noxxapnasi 6€30MacHOCTb, PyYHOU MOXKAPHBIN CTBOJ, CTPYS
BOJIbI, TOUHOCTb U3TOTOBJICHHUS.
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