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

In present paper showed the methodology, grounded, evaluated, illustrated and
described by formulas influence of manufacturing precision of the fire barrel outlet hole
diameter of which do not meets the regulatory and established requirements in varying
degrees 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 barrel 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.

Keywords: fire safety, fire barrel, jet, manufacturing precision.

Introduction. Geometric parameters of trajectory of water jet from a manual
fire nozzle (MFN) depends on diameter of its outlet hole. In approximate calculations
of these parameters are used the nominal value of the diameter [1 — 5], which is
conditional and characterized by a certain normative established (GOST 9923-93)
value of the precision [6, 7]. However, as practice shows, on combat duty of
subdivisions of the State Emergency Service of Ukraine there is some number of
MFN that do not meet the standards for manufacturing precision, in particular the
outlet hole diameter. Moreover, such deviations have value within £5 % from both
tolerance field limits. Therefore, study of the impact of MFN real manufacturing
precision on the geometric parameters of its water jet from are allocated a significant
scientific and practical interest.

Statement of the problem and its solution. The purpose of study is justification
for the need to consider the real, which differs from normative established, values of
MFN output hole size deviation in the calculation of its water jet trajectory geometric
characteristics (in particular its flight length and lifting height) and the calculated
estimation the wvalue of this impact. The object of study is the geometric
characteristics of the trajectory of MFN water jet. The subject of study is the influ-
ence of MFN real manufacturing precision as a mass-produced product on the object
of study.

In study [8] evaluated influence of the of MFN RS-50A outlet hole diameter
Ady (in mm), which meets requirements of GOST 9923-93 [6] and GOST 25347-
2013 [7] (i.e. for its manufacturing precision), on absolute and relative value
determination error of MFN water jet geometric characteristics (its flight length A/ (in
m) and lifting height A4 (in m)). In these case using the data of study [9] was choused
the basic MFN outlet hole geometric characteristic — its diameter d (in m). In study
[8] was used the method of approximate estimation (i.e. excluding air resistance) of
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MFN water jet geometric characteristics (its flight length / (in m) and lifting height 4
(in m)) from [3, 5] in function of influencing factors changes — diameter dy and MFN
axis to horizon inclination angle ®, (in degrees). Also in that study was used the
method for errors determination (manufacturing, measuring, estimation) choused
influencing factor (Ady) on determination errors water jet geometric characteristics
(Al and Ah) from references [2, 3, 5], where the following partial derivatives are used:
dwo/dd, (in m), 6Vy/dw, (in (m-s)™), dl/dV, (in s), dh/dV, (in s), where w, — MFN
outlet hole area (in mm?).

The above described evaluation was performed on the assumption that on the
values of A/ and Ak affect only the values Ad) (changes discretely from one MFN unit
to another) and ®, (changes continuously in the firefighting process). Other
influencing factors (average initial velocity of water flow motion through life cross
section which coinciding with MFN outlet hole V (in m/s), height of MFN outlet
hole center placement relative to an arbitrary horizontal plane /¢ (in m), volumetric
water flow rate through any MFN normal cross section O, (in m’/s)) are not
independent (according to continuity of fluid flow low ¥y ~ @ ~ dy” at Qy = const) or
changes unpredictable (in significant range, for example (, depending on the
extinguishing fluid properties, on pump and a hose line parameters), or randomly (in
insignificant range, for example /%, both for manual and lafet fire nozzle) and
therefore assumed constant (4, = const, Q, = const).

In GOST 9923-93 [6] established a series of MFN outlet hole nominal dia-
meters dy, and precision qualitet and type of tolerance field for this parameter. Thus,
for the nozzle RS-50A with d, = 13 mm set accuracy of H11, that according to the
data given in GOST 25347-2013 [7], means that d, = [13.00... ... 13.11] mm, d,, are
minimum allowable value of d, 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 value d,, = d,.

Results of the study [8], carried out for nozzle RS-50A with maximum
available within GOST 9923-93 requirements limits d,, value and the typical case Ay =
I m (when MFN placed in the rescuer hands) and Vy = 20 m/s (a value close to the
maximum possible for these conditions), shows that partial derivatives have the
following values: dwy/0dy, = const = 0.0204 m, 0Vy/0wy, = const = =-1.507-10
> (ms)", 81/0V, and 6h/dV, are functions of @ (see Table 1).

But nozzles RS-50A with which are equipped two research installations of
hydraulic laboratory of Applied Mechanics Dept. of Technogenic and Ecologic
Safety Faculty of National University of Civil Defense of Ukraine characterized by
the d, values which differs from normative established. For them the d, values were
determined by averaging the results of eight times direct measurement using vernier
caliper ShTs-I-150-0.02. Thus for the first one dy =12.6 mm and for the second d
=13.7 mm that differs from the nominal value of d, on Ady= —0.40 mm and
+0,70 mm or Adp, = 3.1 % and +5.4 % respectively. For comparison was chosen the
nominal value of dj, because it is used for MFN water jet trajectory calculation. Thus,
from the practice of study it becomes clear that in exploitation are certain number of
MFN items which for various reasons do not comply with GOST requirements for d
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value. Exact number of such MFN items is difficult to evaluate, as noted in
introduction.

Results of that study are also summarized in Table 1 and presented on Fig. 1.
Dependences of the absolute changes of flight length A/ and lifting height A/ values
(both in m) of water jet from nozzle RS-50A with varying degrees of compliance
with GOST 9923-93 from the value of inclination angle of its axis to the horizon ®,
(in degrees) is shown on Fig. 1, a, b. Same dependences for the relative values (Al.
and A#,, both in %) 1s shown on Fig. 1, c, d.

As we can see from the data of Table 1 and Fig. 1 (where also presented results
of study [8] for comparison) for nozzle RS-50A with outlet hole having a maximum
possible value of diameter within the these requirements values of /, dl/0V, and Al
reaching maximums (41.751 m, 4.08 s u —1.381 m respectively) at @ = 45°, than / =
[40,370...41,751] m or [ =41.751_;33; m, Al, = 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 tolerance field
(13.055 mm). The value of Al, 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/oVy =0.452 s and Al =-0.153 m, A [, =-1.692 %. The values of h, 0h/0V,, Ah n
Ah, reaching maximums at @, = 90° (21.387 m, 2.04 s, —0.690 m and —3.23 % accor-
dingly) and therefore 42 = 21.387 69 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 unu +1.66 %
relative to the value corresponding to the influencing parameter middle of the tolera-
nce field. When ®, = 0° the values of 0h/0V,, Ah u Ah, are equal to zero and /& = h
[8].

Also from the data of Table 1 and Fig. 1 we can see, that the values of [, 0//0V,
h and Oh/0V, for all three investigated cases are not different from the case of MFN
with nominal value of diameter d,, from the study [8].

Results of such evaluation for the first one of MFN with Ad, =—-0.40 mm are
following. Absolute values of Al and A/ reaching maximums (5.021 m and 2.509 m
respectively) when ®p = 45° and 90°. Than / = [41.751...46.772] m or [
=41.751"%" m. Relative values of Al, u Ah, reaching maximums (+12.162 % wu
+11.732 %) when ©, = 90°. Than 4 = 21.387>°” m or & = [21.387...23.896] m.
Should be noted that when ®, = 0° A/ =+0.556 m, Al, = +6.154 %, Ah =0 m.

Results of such evaluation for the first one of MFN with Ad,=+0,70 mm are
following. Absolute values of A/ and A4 reaching maximums (-8.787 m and —
4,391 m respectively) when ©y = 45° and 90°. Than / = [32.964...41.751] m or [
=41.751_g73; m. Relative values of Al, u Ah, reaching maximums (—21.284 % and —
20.531 %) when ®, = 90°. Than & = 21.387 439y m or A =[16.996...21.387] m.
Should be noted that when ®, = 0° A/ =-0.973 m, A/,=—-10.769 %, Ah = Om.
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Figure 1 — Dependences of the absolute (a, b) and relative (c, d) changes of flight length (a, ¢) and
lifting height (b, d) of water jet from nozzle RS-50A with different degrees of compliance with
GOST 9923-93 from the value of inclination angle of its axis to the horizon:
m—Ady=+0.70 mm; A —Ady=-0.40 mm; ® — Ady=+0.11 mm
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Thus, from the data of Table 1 and Fig. 1 are follows that the values of A/, and
Ah, significantly changing when the value of ®, vary in limits 0...45°. After ©,
reaching values of 45° and down to the 90° they "go on the shelf", asymptotically
approaching the value of +12.5 % for the first one manual fire nozzle with Ady=—
0.40 mm and —22.0 % for the second MFN with Ad,=+0.70 mm. At the same time
influence factor (dy) changed at a much lower value Ady (3.1 % and +5.4 %
respectively) being in inverse correlation with the desired values. The above
described is presented in Fig. 2.

On Fig. 2 are showed influence of absolute (Ad, in mm) and relative (Ad), in
%) values of nozzle RS-50A outlet hole diameter (dy) changing on absolute (Al and
Ah in m) and relative (Al, and Ak, in %) values of flight length (/) and lifting height
(h) of its water jet in all possible combinations.

As follows from the analysis of data contained in Fig. 2, these dependencies
are linear, influencing factor and the desired effect are inversely correlated for the
absolute values of A/ and A/ and also these dependencies on Ady, and Ad,, are
different (see Fig. 3, a, b), and for the relative values Al. u Ah, they are identical (see
Fig. 3, b, ¢). Linearity of these relationships follows from the analysis of the formulas
(13) — (19) in study [8] with constant values of ®,. They described by the method of
least squares (for all dependencies R* = 1,0) and can be represented by the formulas

(1) = (6).

Al =-12,553-Ad,, m; (1)
Ah=-6,273-Ad,, m; )

Al = Ah, =-3,953-Ad,, , %; 3)
Al =-1,6319- Ad,, , m; (4)
Ah=-08155-Ad,, m; (5)

Al = Ah, =-30,4063 - Ad,, , %. (6)

So, from the above evaluation results analysis it follows that the nozzle RS-
50A outlet hole diameter value deviation, going beyond the tolerance field according
to GOST 9923-93 in both directions, has a significant impact on its water jets motion
trajectory geometric parameters under otherwise equal conditions. In practice, the
magnitude of such influence would not be as significant due to the influence of
unaccounted factors. This is the following factors: water jet motion air resistance,
deviation from roundness (deviation of the surface shape) of the MFN outlet hole and
distribution of this deviation on hole perimeter (beating of the radius), changes of
parameters of the pump and hose lines, presence of lateral wind and (or) headwind,
varying the type and composition of the fire-extinguishing liquid, changes of
resistance, velocity and flow rate coefficients of MFN as a conical converging nozzle,
environmental parameters (temperature, pressure, humidity) etc.
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Figure 2 — Dependences of the maximum values of absolute (a, b) and relative (¢, d) changes of
flight length (a, c) and lifting height (b, d) of water jet from nozzle RS-50A with different degrees
of compliance with GOST 9923-93 from the absolute (a, d) and relative (b, d) value of change of its
outlet hole diameter:

o — Al (ipu Oy = 45°) u Al, (mpu B¢ = 90°); A — Ah u Ah, (mpu Oy = 90°)

The above as well as the results of studies [8 — 11], 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 in case when condition of precise description empirical distribution of
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such physical value by the normal law [10].

Conclusions. Thus, this study includes the methodology, substantiated, estima-
ted, described by formulas and illustrated by graphs the impact of manufacturing pre-
cision of manual fire nozzle diameter outlet hole, which does not meet the regulatory
established requirements of GOST 9923-93 in varying degrees, 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 under certain
assumptions, and other conditions being equal is significant. Also in the study was
substantiated the expediency of using the beta distribution for description of these
variables taking into account non-linearity of their mutual influence.
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U .B.Muwenko, A.H. Konopamenko

KOJI OPT OKITAHBIHBIH HAKTEI O3IPJIEY JOJIITTHIH )KOHE OIAH
LIIBIFATBIH CY AFBIHBIHBIH TEOMETPUSAJIBIK CUIIATTAMACBIHBIH
O3APA BAWJIAHBICEHI

Ozapa acep eTyJiH OEHMCHI3BIKTBI €KEHIH €CKEepEe OChl KeJeMIEpJl cumarTay
yIIiH OeTa-yJecTipyal KOJIaHy OPBIHIbI €KCHAIr HETi3eal. OpTypil JeHrenaer
OCKITUITGH HOPMAaTUBTI TajanTtapra >kayarl OCEpMEHTIH IIBIFBIC  JUaMETpi
CaHBUIAYBIHBIH, OJIAPAAH IIBIFATHIH Cy AaFbIHBI TPACKTOPHUSICHIHBIH T€OMETPHUSIIBIK
napaMmeTpiepiHe, aran WaTKaH[a OHBIH JKETY Y3bIHIBIFBI MEH KOTEpLTy OHWIKTITIHE,
aOCOMIOTTI JKOHE KATBICTHI OJIIeMJIEp/eri OKMaH OCiHIH TOPU30HTKA UUTY
OYPBIIIBIHBIH SPTYPJIl MOHIEPIHE KO OPT OKIAHBIHBIH 931pJiey MQJIITIHIH 9cep €Tyl
opTypiai (dopmynamapMeH KepCEeTUIml, CypeTTenmai, OarajmaHibl, HETI3ACNIl >KOHE
aicTeMect XKYpri3uiil.

Heezizei mycinikmep.: epT Kayilci3firi, KOJI epT caHbUIAyJIaphl, CTPYS, AT
OH/IIPICTIK.

Muwenxo U.B., Konopamenko A.H.

B3AVIMOCBS3b PEAJIBHOM TOYHOCTHU U3TOTOBJIEHNS PYUYHOI'O
HOXAPHOI'O CTBOJIA M T'EOMETPUYECKHX XAPAKTEPHMCTUK
BBIXO/JAIIEN N3 HEI'O CTPYU BO/IbI
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[IpuBenena Meronuka, OOOCHOBAaHO, OLEHEHO, MPOWUIIOCTPUPOBAHO H
omucaHo (popmyliaMu BIUSHUE TOYHOCTH U3TOTOBJICHUS PYYHBIX TTOKAPHBIX CTBOJIOB,
JIAAMETP BBIXOJHOTO OTBEPCTUSI KOTOPBIX HE OTBEYAET HOPMATUBHO YCTAHOBJIEHHBIM
TpeOOBAHUSIM B Pa3HOM CTEIMEHH, HA T€OMETPUUECKUE MapaMeTPhl TPACKTOPUU CTPYH
BOJIbI U3 HUX, B YACTHOCTHU €€ JaJIbHOCTh IMOJIETA U BBICOTY MOABEMA, ISl PA3IIMYHBIX
3HAUYCHUN yTJia HAKJIOHA OCH CTBOJIa K TOPU3OHTY, KaK B aOCOJIIOTHBIX, TaK U B
OTHOCUTEJBHBIX BeanurHax. OOOCHOBaHaA 11€1€cO00pa3HOCTh MCIONIb30BaHUsA OeTa-
pacrnpeneneHus s ONUCAHUS ATUX BEJIMYMH C YYETOM HEJIMHEMHOCTH UX B3aUMHOIO
BIIUSIHHSL.

Knrouesvle cnosa: noxaptasi 0€30MacCHOCTb, PyYHOM MOKAPHBIN CTBOJI, CTPYH,
TOYHOCTb U3rOTOBJICHUSI.
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