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INFLUENCE OF JET-TO-MAIN STREAM
TURNING ANGLE IN FLUID FLOW FROM
CYLINDRICAL NOZZLE OF COLLECTOR-
PIPELINE ON FLOW COEFFICIENT

For intake cylindrical nozzles with orthogonal laejet outlets, dependences of
the flow coefficient 4 on (1) Reynolds numb&e , (2) jet-to-main stream turn-
ing angle B, which is measured relative to the direction & thain stream in
a collector-pipeline, as well as (3) the rali® of the diameter of the outlet hole
of the nozzle to that of the collector-pipeline asbtained. The ratiod/D

influences the value of the coefficient of flow racronsiderably than the jet-to-
main stream turning angle does. The magnitudeoaf floefficient varies most ab-

ruptly in the range of the magnitude of the ratéD from 0.35 to 0.40. For
adjustment of non-uniformity of the fluid inflow tm the pressure pipelines along
their lengths, the nozzles of 0.8%/D<0.40 are the most suitable ones.

Keywords: intake cylindrical nozzle, lateral jet outlet, amgif jet inflow

1. Introduction

In many production processes, pipeline systemsaafble flow rate pres-
sure fluid flow are used. Streams with discretimfof fluid along the path take
place in ventilation (exhaust ventilation systenvgjter drains (water drainage
networks; sewerage purification plants), land maelaon (drainage systems),
spillways; water supply (horizontal water intakbgam water intakes, water
supply treatment systems). The fluid inflow alohg fpart in collector-pipeline
(CP) through its apertures in walls is non-unifolinincreases with the approach
to the mouth of a collector-pipeline. Exact hydrawalculation of such pipe-
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lines can be done only by means of the theory dalbke flow rate hydraulics
[1]. Theoretical methods of calculation of colleepipelines laid in fluid stream
are being developed. It these methods, all the gearparameters of a collec-
tor-pipeline and hydrodynamics characteristicsnmier and outer fluid streams,
as well as the jet-to-main stream angle relativehi direction of the main
stream of the collector-pipeline are taken intooact [2. 3]. The theoretical
calculation dependences [2. 3] indicate that the-unaformity of fluid inflow
into the collector-pipeline can be reduced by medraljustment of the angle
between the jet from outlet nozzle and the maisasir of the pipe along the CP.
To verify this idea, we have suggested applicatbmtake cylindrical nozzle
with lateral jet, the nozzle can rotate in the walICP about the longitudinal
axis. Thus, the need to have the value of the floefficient 4 of the intake
cylindrical nozzle with orthogonal lateral outl¢he value being dependent on
the angles, has arose. In literature there is no functionapahdence for
determining its flow coefficient.

In the works [4.5], results of experimental invgations of a stream which
flows out of a cylindrical pipe at an angle to litsgitudinal axis are presented.
However, the authors of the article [4] considecading of the stream by two
tangetional swirlers, which were located alonghpe. Besides, they introduced
some air into the fluid stream at a butt end of gihge. In the work [5], a fluid
stream which flew from the pipe at the angle t@iss, the angle was varied from

60° to 1207, was investigated in cavitational and non-cawitsl regimes. In the

work [6], numerous investigations of the influeéespillihg angle of laminar free

submerged jet of heated liguid fuel oil onto reeerwall is reported. The curling

of stream and injection of air into it in the wof#] as well as creation of

cavitational regime in the work [5] have causedange in hydraulic resistance,
and as a conseguence, have led to a change ialtreeof the flow coefficienju

of the hole. In the work [6], the lateral jet flasvnot considered.

We consider a nozzle in which the jet turns onlydoy when flowing out
of the nozzle and is not burdened by additionalréwyiic resistances. Besides,
the flow coefficient of this nozzle must take irié@ount the counteraction of the
main stream which flows in the collector-pipeline.

2. Aim of the work

The aim is to determine functional dependences¥atuation of the flow
coefficient ¢ of the intake cylindrical nozzle with orthogonaldral outlet as

a function of the anglez to the direction of the main stream in a collector

pipeline, as well as a function of the ratid D of the diameter of the outlet of
the nozzle to the diameter of the collector-pipelin
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3. Techniques of carrying out the work

The experimental test bench (Fig. 1) enabled uswvestigate water flow
out of an outlet cylindrical nozzle under the actiof the head which varied
from O to 17m. The working fluid was water. The heads which wless than
2.2 m were measured accurate to Onxr by piezemeter whose division value
was 1.annr . The heads which were greater than 212vere measured by MTU
pressure gauge whose accuracy class was 0.6 anskwdigsion value was

0.02 kg/cn?.

Fig. 1. Schematic diagram of experimental
test bench: 1-reservoir; 2-head tank;
3—joining pipe; 4—pressure gauge;
5—piezemeter; 6-water—drain pipe; 7-water-
receiving tank; 8-electronic  weigher;
9-water—receiving tube with a nozzle; g
10,11,12—faucets; 13—discharge pipe with <)
avalve; 14—pipe for the exhaust of the pres- =
sure tank

Rys. 1. Schemat stanowiska badawczego: 2
1-gormy zbiornik; 2—zbiornik énieniowy; J
3—pokczenie rur; 4—manometr; 5—piezometr; N

6-rura spustowa wody; 7-zbiornik wody 12 J
odbiorczej; 8—elektroniczna waga; 9—rura %

z dysa do bada; 10,11,12—zawory; 13-rura 13 1 .=
z zaworem do opedienia zbiornika énie- 8
niowego; 14-rura do wypuszczania powietrza | g ———%&——1 "

ze zbiornika ginieniowego

The investigation nozzles were installed at a eatt wall of the cylindrical
tank 2 (see Fig. 1). The intake hole of the noxzs placed in the head tank 2.
To simulate the conditions of the work of the irgalylindrical nozzle in CP, the
outlet end of the nozzle was introduced into théeweeceiving tube, which was
a part of CP in this case (Fig. 2).

As it was a single nozzle installed in the waterereing tube that was investi-
gated, a single end of the CP was closed by agigzer. The other end of the
water-receiving tube was directed upward for fgliit with water during the
operation of the nozzle. Thus, water flow from thesed end to the other end of
the water-receiving tube, which was connected Wit water-draining pipe 6
(Fig. 1). The amount of water which flow througle thutlet cylindrical tube was
determining through volume method. The volumeof water which flow into
the water-receiving tank 7 during the timewas determined through weight
method with the help of electronic weather. Theeadsly of the nozzle attach-
ment is given in Fig. 3.
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Fig. 2. Part of CP with nozzles installed with ifint outflow angles3: 1 — collector-
pipeline; 2 — nozzle with3=07; 3 — ditto B=90°; 4 — ditto B=18F ; Vi, Vo,

V3 — velocities of streams in CRy, v, , v3 — velocities of jet at outlets of nozzle
Rys. 2. Cgé¢ rurochgu-zbieracza z dyszami zamontowanymi podnydni katami

odplywu: 1 — rurocig-zbieracz; 2 - dysza ztami odplywu 8 réwnymi 0°; 3 - to
samo, 907 ; 4 - to samo,18¢; V;, Vo, V3 - predkosci strumieni w rurocigu-
zbieraczu;vq, Vo, V3 - predkosci strumienia na wylocie z dysz 2, 3, 4
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Fig. 3. Schematic-diagram of attachment of innerzi® with orthogonal lateral jet outlet:
a — longitudinal section of receiving tube; b - smetl-1; ¢ — section 2-2; 1 - pipe closer; 2 — re-
ceiving tube; 3 — nozzle; 4 — outlet hole

Rys. 3. Schematyczny diagram mocowaniaseiejvej dyszy z prostopadtym bocznym wylotem
strumienia; a — przekréj podiny doprowadzagcego przewodu; b - przekroj 1-1;
¢ — przekréj 2-2; 1 - korek; 2 — doprowadgsj przewdd; 3 — dysza wgjowa; 4 — otwor wyloto-
wy

The intake cylindrical nozzle is mode with a lateratlet at90° to its lon-
gitudinal axis (Fig. 4).
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Fig. 4. Intake cylindrical nozzle with orthogonal
lateral outlet
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Rys. 4. Wejciowa dysza cylindryczna z prostopa-
diym bocznym wylotem

Fig. 5. Schematic diagram of reference system for
anglefS: 1 — pipe closer; 2 — receiving tube;
3 — intake nozzle; 4 — intake hol¥; —velocity of
streams in water-receivingy — velocity of out-
flowing jet

Rys. 5. Schemat obliczeniatk B odprowadzania
strumienia wody: 1 - korek; 2 — doprowadgsj 1
przewod; 3 — dysza wajiowa; 4 — otwor wyloto-
wy; V — prdkos¢ doprowadzajcego strumienia
wody; v — prdkos¢ strumienia wyptywajcego

z dyszy wejciowej

Geometrical characteristics of the investigatedkatnozzles are given in
Table 1.

Table 1. Nozzles investigated

Tabela 1. Badane dysze

Diametersmm . . Relative distance from
= RESS EFC IR nozzle to butt end pipe
D d S closer of water-receiving,
i b/D (fig. 34)
10 4 0.400 1.1
22 8 0.364 1.55
22 10 0.455 1.36
45 13 0.289 0.49
45 15,6 0.347 0.24

4. Mathematical experimental data processing

The volumetric flow rate we calculated accordingh® formula:

Q=Wit

(1)

where, W is the volume of water which inflow into the wateceiving tank

during the timet.
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The flow coefficienty of the nozzle we calculated according to the
formula:

Q= |2gH )

whereQ is the flow rate of water through the hole of tlezzle,m* /s;
G is the area of the effective cross-section,
g is the gravity acceleratiorg = 981m/<;
H is the head at the outlet of the outlet hole efribzzle,m .

The value of Reynolds number we calculated €bof the outlet hole of the
nozzle according to the formula:

vd
Re=—
% 3)

where,v is the speed of fluid outflow through the outleténof the outlet noz-
zle, m/s;
d is the diameter of the outlet hole of the outlgtzie, m ;

v is the kinematic viscosity of water depending ltsxmi'emperaturer,n2 /s
The relative change of the flow coefficiept we determined according to the

formula;

Hi—H
w="""010m (4)

Hyo
where,,uoo , ,ul.o are the flow coefficients of the nozzle fr=0° and 8 =i

wheni?=45%; 90%; 135°; 180° 45%; 90°; 135°; 180"

5. Results of experimental investigation

On the basis of experimental data processing, #épemtence of the flow
coefficient i of the outlet nozzle with lateral jet flow on apiously set value

of the Reynolds numbérey is obtained (Fig. 6).

The dependencg = f(Re) is obtained for all the investigated nozzles. For
the nozzle ofd =4 mmr (d/ D =0.400), the independence of flow coefficient
on Reynolds number (sell-similarity with respectReynolds numbdre) was
obtained atRe=2[10% for = 0°, at Re=3.5[10" for § = 135° - (see.

Fig. 6). For the nozzles ofi/ D = 0.289; 0.347, 0.364; 0.455 the self-
similarity of the coefficienti with respect to Reynolds numb&e is observer
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at 80000; 90000; 65000; 65000, respectively: the plotting of the
dehendencesu=f(f#), = f(d/D), the values of 4 were taken from

segments of sell-similarity of the graphs= f(Re) for each of the nozzles
individually, i.e. for Re = 80000; 90000; 65000; 35000; 65000ddrD =
0.289; 0.347, 0.364; 0.400, 0.455 respegtivel

The dependence of the flow coefficiept on the angleg are given in
Fig. 7; ditto on the rati@/D in Fig. 8.
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Fig. 6. Dependencg/ = f (Re) for nozzle ofd = 4 mm and D = 10 mn for angles
£ :0°-(1); 135° - (2);

Rys. 6. Zalezni 1 = f(Re) dla dyszy wejciowe]j osrednicy d = 4 mmr orazsredni-
cy doprowadzagego przewodu D= 10 mm dla ktow B réwnych: 0% —(1);
135° - (2)

In table 2, comparison of the effectivenessof the adjustment of the flow

coefficient ¢ of the nozzle for=0° and 8 =135° for different values of the

ratio of the diameted of the intake hole of the nozzle to the inned ditenD
of the receiving tube is given. As it is seen frbig. 8, the ratio of the diameters
d/D influences the coefficient/ more cousiderably than the value of the angle

S does.
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0,60

Fig. 7. Dependence of the flow coefficient
1= f(B) for different ratio of diameters

d/D : 0.289-(1); 0.347-(2); 0.364-(3);
0.400-(4); 0.455- (5)

0,58

Rys. 7. Zalenosci wspotczynnika przeptywu
056 -3 1 dyszy wejciowej u = f(B) dla r&nych
] wartasci stosunkusrednic d/D : 0.289-(1);

4
- 0.347-(2); 0.364—(3); 0.400-(4);
B ‘ 0.455-(5)
0’54 O—O_\O\O-/)
0,52
0 45 90 135 g

The greater the ratio of the diametat®D is, the more cousiderably the
value of the flow coefficieniz of the intake cylindrical nozzle with orthogonal
lateral jet outflow increases for all the valueshsd angles between the jet and
the main stream (see Fig. 8). It is evident thahhe increase /D, the ex-
tent of jet dilation decreases (frocdhto D). Thus the energy losses for dilation

of the stream decrease. Accordingly, the increaseairying capacity of the
nozzle is observed, its flow coefficiept increases.

For each of the investigated nozzle, i. e. for ezbe of d/D, it is estab-
lished that the greatest value of the flow coeffitiy is at 3=07, and the

least one a3 =135°. At d/D = 0.289, the flow coefficienys varies with the
least rate (see Fig. 7; Fig. 8; Table 2): withie tiange 0.3%<d/D< 0.40, it
varies with the greatest rate. Thus, for adjustnmegnhon-uniformity of fluid
inflow along the path in pressure colltctor-pipebn nozzles of 0.35xd/D<
0.40 are the most suitable for application.
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Fig. 8. Dependence of the flow coefficient= f(d/ D) on the ratio of intake hole diameter of
nozzle to CP diameter for different values of anfléettwen jet and main streamd® - (1) ;
45° - (2); 90% -(3); 1357 -(4); 180° -(5)
Fig. 8. Zalenosci wspoétczynnika przeptywu dyszy wejowej = f(d/ D) w stosunku do
proporcjisrednicy otworu wylotowego dyszy doednicy rurocigu-zbieracza dla efych
wartdici kata 8 odprowadzania strumienia wodp’ - (1); 45° - (2); 90° - (3);
1357 - (4); 180° - (5)

Table 2. Comparison of effectiveness of adjustméfiow coefficient U4 for different values
of d/D and 8

Tabela 2. Poréwnanie skuteczoioregulaciji wspoétczynnika przeptywid dla r&nych warto-

scidiDi B

5:23;;2 Flow Cs:rg::z; ’g n:lfq;ozzle for Relativg ghange of flow
d/D = == coefficient ¢ , %
0.289 0.5427 0.5399 -0.52
0.347 0.5913 0.5710 -3.43
0.364 0.5973 0.5789 -3.08
0.400 0.6099 0.5920 -2.93
0.455 0.6100 0.6020 -1.31

6. Conclusions

Experimental dependences of the flow coefficigrif a cylindrical nozzle
with orthogonal lateral outflow of jet on (1) Reyds numbeRe, (2) ratio of
diametersd/D (diameter of nozzle outlet to that of CP), and {8 anglef
between the jet and the direction of the main stré@a CP are obtained. The
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ratio d/D influences the value of the flow coefficigmtmore considerably than
the value off does. The magnitude of the flow coefficigntaries most steeply
within the ratio ofd/D from 0.35 to 0.40. For adjustment of non-unifoyof
fluid inflow along the path in pressure collectapgdines, nozzles of
0.35<d/D< 0.40 are the most suitable ones.
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WPLYW ZMIANY KIERUNKU STRUMIENIA W PRZEPLYWOWYCH
CYLINDRYCZNYCH DYSZACH RUROCI AGU NA WSPOLCZYNNIK
PRZEPLYWU

Dla wlotowych cylindrycznych dysz z prostopadtymirap bocznymi wylotami
strumieniowymi, wyznaczamy wspétczynnik przeptyviczby ReynoldsaRe; (1), zmiana kta
strumienia zwrotnyng, ktory jest mierzony w kierunku gtéwnego strumiemi rurocigu (2) oraz
iloraz srednicy otworu wylotowego dyszy do wiza rurocigu 9 uzyskaned/D. lloraz d/D
wplywa na warté¢ wspétczynnilk przeptywu znaczniej nizmiana kierunku strumienia. Wiels®
wspofczynnika przeptywu zmieniagsiv najwiekszym stopniu w zakresie wietko od 0,35 do
0,40. Do regulacji nieréwnomieré®doptywu cieczy do rur énieniowych, wzdha ich diugdci,
dysze 0.3% d/D<0.40 g najbardziej odpowiednie.

Stowa kluczowe:cylindryczna dysza, boczny wylot dyszwt kvyptywu strumienia
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