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Pressure regulation by known means is carried out only in the direction of its reduction. This
paper examines local flow control devices in fluid systems, namely local hydraulic resistances. Under
turbulent flow conditions, pressure losses in a sudden pipe contraction primarily occur during flow
expansion downstream of the vena contracta, in the vortex region that forms behind the diameter
transition plane. For sudden pipe contraction, flow resistance can be reduced by altering the shape of
flow boundaries — by influencing the fluid stream, acting on the pipe wall, or modifying the cross-section
along the flow direction. The methods discussed for reshaping boundaries can reduce the size of the
vortex region behind the pipe contraction. In certain cases, these methods can even eliminate the vortex
region entirely. The resulting flow behavior becomes similar to that of a sudden pipe contraction with a
higher contraction ratio.

Keywords: local hydraulic resistance, sudden pipe contraction, boundary geometry, pressure
regulation, reduction of sizes of vortex regions, reduction of head loss.

Introduction

Pressure regulation by known means is carried out only in the direction of its reduction (Chernyuk,
2000). According to their effect on the flow, methods of controlling the flow in fluid systems are divided, in
particular, into local ones, which are adjustable local hydraulic resistances (Chernyuk, 2010). In the case of
a sudden pipe contraction, the fluid exhibits non-uniform flow both before and after the diameter change
plane (Fig. 1). The pressure losses under turbulent conditions in a sudden pipe contraction arise in the vortex
region II following the vena contracta (Idelchik, 2008) (Fig. 2). Moreover, flow separation near the diameter
transition plane causes erosion of the internal pipes surface (Satish, Ashok Kumar, Vara Prasad & Pasha,
2013), shortening the pipe’s service life.

The flows in regions of pipelines with local pipe contractions are of significant interest
(Borisyuk, 2022). To alter turbulent fluid flow and consequently change the hydraulic resistance of a
pipeline, it is essential to analyze and calculate how the flow is affected by the boundary geometry (Mollo-
Christensen, 1971).

For sudden pipe contractions, resistance can be reduced through the following: influencing the fluid
stream; modifying the pipe wall; changing the cross-section along the flow (Orel, 2003).

This article presents a literature review on reducing head losses by modifying the size of the vortex
zone II in sudden pipe contractions.

Materials and methods

In general, energy loss reduction is achievable in such contractions when the pipe diameter ratio is d/D >0.5
(Orel, 2013).

One way to influence the fluid flow is to install passive devices in the pipeline. These include, for
example, a small ring-shaped obstacle of height » located before the diameter transition in a sudden pipe
contraction (Fig. 3). Installing such an obstacle can reduce the height A, of the vortex region II (Fig. 2) even
to the complete disappearance of this vortex region at increasing the distance L between the obstacle and the
diameter transition plane (Ando & Shakouchi, 2004). This behavior resembles flow through a sudden pipe
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contraction with a high (d&/D = 0.9) diameter ratio (Gonzalez, Meana-Fernandez, Pérez & Oro, 2024). At
this diameter ratio d/D, the share of irreversible pressure loss Ap; in the total pressure loss Ap, when the
energy dissipation occurs, equals 4p/4Ap = 0.312. This value is calculated using the formulae (Orel, 2013):
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Fig. 1. Scheme of fluid flow at a sudden pipe contraction with sharp edges:
I, Il is the vortex region of upstream and downstream; p,/y is the piezometric or hydraulic head at the point 1;
aV;%2g is the velocity head at the point 1; py/y is the piezometric or hydraulic head at the point 2; aV,%2g is the
velocity head at the point 2; h,,;_, is the total head loss between the points 1 and 2
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Fig. 2. Scheme of sizes of vortex regions at a sudden pipe contraction with sharp edges:
L is the length of the vortex region I; H; is the height of the vortex region I;
L; is the length of the vortex region II; H, is the height of the vortex region II

When additional fluid of flow rate ¢ is radially injected into the main stream with flow rate O > ¢
before the sudden pipe contraction, the vortex region Il can be reduced or even eliminated (Fig. 4). This is
explained by energy redistribution and the return of part of the energy to the main flow (Nosko & Shevchuk,
2013).
Pipe wall modification involves altering parameters such as internal surface roughness. For example,
in the case of a rough upstream wall, the vortex length L, behind a forward-facing step of height / (Fig. 5) is
shorter compared to a smooth wall (Essel & Tachie, 2017). A forward-facing step is a two-dimensional case
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of a sudden pipe contraction (Ando & Shakouchi, 2004). Therefore, the effect of artificially roughening the
surface before the sizes of pipe transition plane is comparable to installing a ring-shaped obstacle (Ando &
Shakouchi, 2004) or increasing the sudden pipe contraction diameter ratio from d/D = 0.5, which reduces
pressure loss (Gonzalez, Meana-Fernandez, Pérez & Oro, 2024).
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Fig. 3. Scheme of fluid flow at a sudden pipe Fig. 4. Scheme of fluid flow at a sudden pipe
contraction with sharp edges and with a small ring contraction with sharp edges and with radial inflow of
shaped obstacle additional fluid of flow
Cross-sectional modification is achieved through
specially profiled pipe sections, which may lead to high
- — L, losses (Fig. 6, a) (Rennels & Hudson, 2012; Idelchik,
= 2008; Miller, 1990), moderate losses (Fig. 6, b) (Rennels
[« < & Hudson, 2012; Idelchik, 2008; Miller, 1990) and
s ~ i (Fig. 6, ¢) (Rennels & Hudson, 2012; Idelchik, 2008) or
\1 \ 5 \ ; low losses (Fig. 6, d) (Rennels & Hudson, 2012; Idelchik,

2008; Miller, 1990) and (Fig. 6, ¢) (Rennels & Hudson,
Fig. 5. SCheme‘Ofﬂ“idﬂOW over forward facing 2012). Rectilinear boundaries (Fig. 6, b and Fig. 6, ¢)
step with rough upstream wall: educe vortex region II, while curvilinear boundaries
I = smooth wall 2_r,0ugh coating, (Fig. 6, d and Fig. 6, e) eliminate the vortex region
3 — forward facing step
altogether (Rennels & Hudson, 2012). Thus, any
deviation from a sharp-edged sudden pipe contraction changes the flow field and consequently results in
lower pressure losses (Bullen, Cheeseman & Hussain, 1996).
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Fig. 6. Schemes of pipe contraction:
sudden (a); beveled (b); conical (c); rounded with circular rounding (d) and rounded with elliptical rounding (e)
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The regulation function, that takes into account measures necessary for changing energy losses in a
pressure short pipeline to take the form (Sydor & Orel, 2025)

Sfreg)=k—1, (3)

where k is the loss reduction coefficient, which accounts for the decrease of energy losses when replacing a
sudden pipe contraction (Fig. 6, ) with a conical pipe contraction (Fig. 6, ¢) using a confuser (converging
section).

Conclusions

1. The discussed methods of modifying boundary shapes in sudden pipe contractions help reduce the
size of the vortex region II, which is the main source of pressure loss in such local hydraulic resistances. In
certain cases, this vortex region can be entirely eliminated.

2. When reducing the size of the vortex region II, the use of the considered methods at a sudden pipe
contraction with a certain contraction ratio m is equivalent to a sudden pipe contraction with a larger
contraction ratio m.
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BIIJIUB 3MIHIOBAHHSA ®OPMU I'PAHUILIb
PI3BKOI'O 3BYKEHHS TPYBU HA BTPATHU HAIIOPY
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3a TypOyJIEHTHOTO PeXXHUMY PYXY PiJHHHU BTPATH HAMOPY Ha Pi3KOMY 3BY)KEHHI TpyOU BUHUKAIOTh Tepe-
Ba)KHO Y pa3i pO3LIMPEHHS TOTOKY PiAWHH ITCIIsS CTHCHEHOTO TMepepi3y y BUPOBOMY MOSICI, SIKM YTBOPIOETHCS
3a TUTOLIMHOIO 3MiHU JiaMeTpiB. Llel BUPOBHIA MOSIC COPUYHHSIE OCHOBHI BTPATH HAIIOPY HA IIbOMY MiCIIEBOMY
rigpasiiyHoMy omopi. Kpim Toro, BipuBaHHS MOTOKY piAMHU MOOJIN3Y IUIOMIMHY 3MIHHU JliaMEeTpPiB Ha Pi3KOMY
3BY)KEHHI TpyOU CIIPUYMHSIE €PO3i0 BHYTPIIIHBOI MOBEPXHi TPYO, IO 3MEHIIYE TEPMiH TXHBOI eKCIUTyaTalyi.
PerymioBaHHSI THCKY BiIOMUMH 3aco0aMu 3IHCHIOIOTH JIMIE B HAmpsiMi HOro 3MeHIIeHHS. Po3misHyTo
JIOKAJIbHI 3aCO0M KepyBaHHS IMOTOKAMH IUTMHHHUX CHCTEM, SKUMH € MICIIEBi TrifpaBiiuHi omopu. s pizkoro
3BY)KECHHsI TPYOW 3MEHILEHHS OIOpY MOXKHA JOCATTH, 3MiHIOIOUM (hopMu ii rpaHHIp. PO3rimsiHyTo criocodu
3MiHIOBaHHSI (pOpMHU TpaHUIb, SKi JAIOTh 3MOTY 3MEHIIMTH PO3MIpH BHUPOBOTO MOsiCa 3a IUIOLIMHOIO 3MiHU
JiaMeTpiB Ha pIi3KOMY 3BYXEHHI TpyOu. BIUIMB Ha MOTIK PIOVHHU 30iHCHIOIOTH, BCTAHOBIIOIOYHM KiJIBIEBY
TIepeNIKOo/ly HEBEIMKOI BUCOTH Iepe]] epepizoM 3MiHM JiameTpa TpyOH i3 Pi3KUM 3BY)KEHHSIM YH PadiaIbHAM
TTiIBE/IEHHSIM JI0JIATKOBOI BUTPATH PiAMHU JI0 OCHOBHOI'O ITOTOKY TE€peA Mepepi3oM 3MiHM AiamMeTpa Tpyou i3
pi3KuM 3BYXeHHsM. Ha cTiHKy TpyOH IiOTh, 3MiHIOIOUHM TapaMeTpy BHYTPIIIHBOI MOBEPXHI CTIHOK TpyoO, a
caMe IIOPCTKICTh TPYOHM Ieped Mepepi3oM 3MiHM aiaMerpa TPYOH 13 PI3KUM 3BY)KCHHSAM. 3MiHIOBaHHS
MIOTIEPEYHOT0 Mepepizy TPYOH 3MIHCHIOIOTh, IEPEXOATIH B TPYOH 13 OLTBIIAM JIiaMETPOM JI0 TPYOH 3 MECHIIIM
JIiaMeTpoM 3a JOMIOMOIOI0 KOJIEKTOpa 13 MPSMOJIIHIHHUMH YU KPUBOJIHIHUMHU TBIpHUMH. 32 3MEHILIEHHSIM
PO3MIpiB BUPOBOTO TOsiCa BUKOPHCTAHHS PO3IIITHYTHUX CHOCOOIB Ha pI3KOMY 3BY)KEHHI TpyOW i3 NEBHHM
CTYIIEHEM 3BY)XXEHHS IIOTOKY aHAJIOTIUHE JI0 PI3KOT0 3BY)XKEHHS TPYOH 3 OUTBIINM CTYIIEHEM.

KuiouoBi ciioBa: micueBi rigpasiiuHi onmopu, pi3ke 3By:keHHsI TPyOu, popMa rpanunb TpyoH,
peryjiioBaHHs TUCKY, 3MEHIIIEHHSI PO3MipiB BUPOBUX 30H, 3MeHIIIEHHs] BTPAT HAMOPY.



