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Abstract

Introduction: One of the most important issues discussed in the field of reservoir management is the
release of accumulated sediments. According to documented reports, 1% of the available volume of
reservoirs is lost annually to sedimentation, which can increase to 3% in semi-arid regions.

Sedimentation causes undesirable consequences such as increased maintenance costs, inability to control
floods, reduced power generation capacity, etc. Various methods have been proposed to manage
sediment inflow into the reservoir and removal of accumulated sediment.

Among these methods, an innovative VMHS hydrosuction method has significant advantages which
consists of the vertical multi-hole pipe connected to a pipeline continued to downstream of the reservoir.
In this method, the energy is obtained by the difference in water level between the reservoir and the
outlet of the system is used to discharge the water/sediment mixture flow through the holes and drive it
to the downstream. The other considerable advantages of this system are the minor loss of the reservoir
water, durability and the ease of use as well as environmentally friendliness.

In this research, it is attempted to provide quantitative understanding of hydraulic characteristics of flow
through inlet, holes and connections of the pipeline system for designers of VMHS.

Methods: This study was conducted at the Hydraulics Laboratory of the College of Agriculture and
Natural Resources of the University of Tehran. A physical model consisting of a tank and a hydro-
suction pipe system. The system included a perforated vertical suction pipe with various hole
configurations and dimensions, designed to evaluate hydraulic behavior for different flow and pressure
conditions. Experiments were categorized into three stages to provide sufficient data for estimating
longitudinal and local loss coefficients with a no-hole pipe and multi-hole vertical pipe based on flow
discharge and pressure measurements. A total of 28 suction pipe types were tested, varying in hole
number (1, 2 and 3 holes), position, spacing, and diameter (14.25, 28.5 and 42.75 mm). Dimensional
analysis using the Buckingham m method was employed to define key dimensionless parameters
influencing the system's flow characteristics.

Results and Discussions: This study focuses on determining head loss coefficients in a VMHS system
across various configurations and flow rates. The first stage involved measuring frictional and minor

Journal of Hydraulics
6

J


https://doi.org/10.30482/jhyd.2025.523035.1734

Experimental Evaluation of The Hydraulic ... Hosseini Ghafari et al., 2026

losses using Bernoulli’s and Darcy-Weisbach equations for different energy head conditions (i.e. A1,
A2, A3 respectively 1.5, 2 and 2.5m). The experiments encompassed a wide range of flow discharges,
and associated Reynolds numbers revealed that all flows were turbulent. Frictional loss coefficients
varied based on pipe roughness and Reynolds number, while minor loss coefficients were evaluated at
bends, flowmeter, inlet, and globe valves. These coefficients were then averaged and summarized for
further use in subsequent stages of the study.

In the third stage, the flow was restricted to only pass through pipe holes by sealing the pipe inlet,
showing reduced discharge rates that were unaftected by the A/ The suction performance improved
with increased hole diameter and number, and the discharge coefficient (Cp) for each configuration was
calculated. Lower Cp values indicated smoother flow entry and reduced wall resistance. Notably, “I'ype
3” pipes with the largest holes showed negative minor loss coefficients (X}), indicating that perforations
served as primary inlets. Hydraulic pressure analyses showed that in high flow discharges, negative
pressures developed along the pipe walls due to inlet flow curvature, and averaged pressures were used
for analysis when local measurements were unreliable. The influence of hole sizes and layout on inlet
pressure was also assessed, indicating minimal effects for smaller diameters.

Conclusion: In the first phase of the experiments, energy losses in the hydrosuction system were
analyzed, including both friction loss along the pipeline and minor losses from components such as
bends, flowmeter, control valve, and the pipe inlet. In the second and third stages, the flow discharge
coefficients and minor loss coefficients at the suction pipe holes were calculated using experimental data
and hydraulic energy equations. Results showed that negative pressure at the pipe inlet wall is due to
flow curvature and compression, and at higher discharges, the averaged inlet pressure becomes negative,
with larger hole diameters leading to increased inlet pressure and greater flow contribution from side

holes.
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1. Vertical Multi Hole Suction system
2. International Committee on Large Dams (ICOLD)
3. Hydro-suction Sediment Removal System
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Table 1 The specifications of VMHS pipeline
Pipeline Reservoir Weir
Pipe type PVC Reservoir type  Rustproof Iron Weir type Rectangular
Internal Diameter (D,) (mm) 57 Length (m) 1.8 Length (m) 0.8
Pipe thickness (mm) 3 Width (m) 1.2 Height (m) 0.1
Internal Surface Roughness o1 Depth (m) 125
(mm)
Total Pipe Length (m) 3.9

Suction Pipe

Fig. 2 The experimental setup including of reservoir, suction pipeline, head setting pipes and the flow inlet pipe
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No. of Holes Name No. of pipe Name of pipe Dp (mm) S (mm) T (mm)
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Table 3 The test specifications of the suction pipes of Type 1

AH D, s
No. Test name Pipe name — — SF — Re (x10%)
Dy Dy Ly
1 AS1D1H1 AS1D1 26.3 0.25 1 0.1 1.06
2 AS2D1H1 AS2D1 26.3 0.25 1 0.2 1.05
3 AS3D1H1 AS3D1 26.3 0.25 1 0.3 1.05
4 AS1D2H1 AS1D2 26.3 0.5 1 0.1 1.06
5 AS2D2H1 AS2D2 26.3 0.5 1 0.2 1.06
6 AS3D2H1 AS3D2 26.3 0.5 1 0.3 1.06
7 AS1D3H1 AS1D3 26.3 0.75 1 0.1 1.05
8 AS2D3H1 AS2D3 26.3 0.75 1 0.2 1.04
9 AS3D3H1 AS3D3 26.3 0.75 1 0.3 1.06
10 AS1D1H2 AS1ID1 35.1 0.25 1 0.1 1.15
11 AS2D1H2 AS2D1 35.1 0.25 1 0.2 1.16
12 AS3D1H2 AS3D1 35.1 0.25 1 0.3 1.15
13 AS1D2H2 AS1D2 35.1 0.5 1 0.1 1.15
14 AS2D2H2 AS2D2 35.1 0.5 1 0.2 1.15
15 AS3D2H2 AS3D2 35.1 0.5 1 0.3 1.16
16 AS1D3H2 AS1D3 35.1 0.75 1 0.1 1.14
17 AS2D3H2 AS2D3 35.1 0.75 1 0.2 1.14
18 AS3D3H2 AS3D3 35.1 0.75 1 0.3 1.14
19 AS1D1H3 AS1D1 43.9 0.25 1 0.1 1.25
20 AS2D1H3 AS2D1 43.9 0.25 1 0.2 1.25
21 AS3D1H3 AS3D1 43.9 0.25 1 0.3 1.26
22 AS1D2H3 AS1D2 43.9 0.5 1 0.1 1.25
23 AS2D2H3 AS2D2 43.9 0.5 1 0.2 1.24
24 AS3D2H3 AS3D2 43.9 0.5 1 0.3 1.25
25 AS1D3H3 AS1D3 43.9 0.75 1 0.1 1.24
26 AS2D3H3 AS2D3 43.9 0.75 1 0.2 1.24
27 AS3D3H3 AS3D3 43.9 0.75 1 0.3 1.24
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Table 4 The test specifications of the suction pipes of Type 2

AH D, T
No. Test name Pipe name - - SF - Re (x10%)
Dp Dp Dp
1 BS1ID1H1 BSID1 26.3 0.25 1 0.75 1.07
2 BS2DIH1 BS2D1 26.3 0.25 1 1.5 1.07
3 BS3DIH1 BS3D1 26.3 0.25 0.5 1.5 1.07
4 BS1D2H1 BS1D2 26.3 0.5 1 1.5 1.05
5 BS2D2H1 BS2D2 26.3 0.5 1 3 1.05
6 BS3D2H1 BS3D2 26.3 0.5 0.5 3 1.07
7 BS1D3H1 BS1D3 26.3 0.75 1 2.25 1.07
8 BS2D3H1 BS2D3 26.3 0.75 1 4.5 1.05
9 BS3D3H1 BS3D3 26.3 0.75 0.5 4.5 1.06
10 BS1D1H2 BS1DI 35.1 0.25 1 0.75 1.15
11 BS2D1H2 BS2D1 35.1 0.25 1 1.5 1.16
12 BS3D1H2 BS3D1 35.1 0.25 0.5 1.5 1.16
13 BS1D2H2 BS1D2 35.1 0.5 1 1.5 1.14
14 BS2D2H2 BS2D2 35.1 0.5 1 3 1.14
15 BS3D2H2 BS3D2 35.1 0.5 0.5 3 1.17
16 BS1D3H2 BS1D3 35.1 0.75 1 2.25 1.14
17 BS2D3H2 BS2D3 35.1 0.75 1 4.5 1.15
18 BS3D3H2 BS3D3 35.1 0.75 0.5 4.5 1.16
19 BSID1H3 BSID1 43.9 0.25 1 0.75 1.23
20 BS2D1H3 BS2D1 439 0.25 1 1.5 1.25
21 BS3D1H3 BS3D1 439 0.25 0.5 1.5 1.25
22 BS1D2H3 BS1D2 439 0.5 1 1.5 1.24
23 BS2D2H3 BS2D2 43.9 0.5 1 3 1.23
24 BS3D2H3 BS3D2 43.9 0.5 0.5 3 1.26
25 BS1D3H3 BS1D3 43.9 0.75 1 2.25 1.24
26 BS2D3H3 BS2D3 439 0.75 1 4.5 1.24
27 BS3D3H3 BS3D3 439 0.75 0.5 4.5 1.26
012 o
o oAH=25m
0AH=2m
008 | aAH=13m
f o
0.04 . am o
4 pe"ah
0 RO A X !
1.E+03 1.E+04 1.E+05 1.E+06

Fig. 4 Friction loss coefficient fin the suction pipe for the step 1 tests
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Table 5 The test specifications of the suction pipes of Type 3

AH D,
No. Test name Pipe name - - SF Re (x10%)
DP DP
1 CS1D1H1 CS1D1 26.3 0.25 1 1.05
2 CS2D1H1 CS2D1 26.3 0.25 0.67 1.04
3 CS3D1H1 CS3D1 26.3 0.25 0.33 1.05
4 CS1D2H1 CS1D2 26.3 0.5 1 1.04
5 CS2D2H1 CS2D2 26.3 0.5 0.67 1.03
6 CS3D2H1 CS3D2 26.3 0.5 0.33 1.03
7 CS1D3H1 CS1D3 26.3 0.75 1 1.05
8 CS2D3H1 CS2D3 26.3 0.75 0.67 1.03
9 CS3D3H1 CS3D3 26.3 0.75 0.33 1.03
10 CS1D1H2 CS1D1 35.1 0.25 1 1.14
11 CS2D1H2 CS2Dl1 35.1 0.25 0.67 1.14
12 CS3D1H2 CS3Dl1 35.1 0.25 0.33 1.14
13 CS1D2H2 CS1D2 35.1 0.5 1 1.14
14 CS2D2H2 CS2D2 35.1 0.5 0.67 1.13
15 CS3D2H2 CS3D2 35.1 0.5 0.33 1.13
16 CS1D3H2 CS1D3 35.1 0.75 1 1.11
17 CS2D3H2 CS2D3 35.1 0.75 0.67 1.12
18 CS3D3H2 CS3D3 35.1 0.75 0.33 1.12
19 CS1D1H3 CS1D1 439 0.25 1 1.23
20 CS2D1H3 CS2D1 439 0.25 0.67 1.21
21 CS3D1H3 CS3D1 439 0.25 0.33 1.23
22 CS1D2H3 CS1D2 43.9 0.5 1 1.23
23 CS2D2H3 CS2D2 43.9 0.5 0.67 1.22
24 CS3D2H3 CS3D2 43.9 0.5 0.33 1.21
25 CS1D3H3 CS1D3 439 0.75 1 1.20
26 CS2D3H3 CS2D3 439 0.75 0.67 1.21
27 CS3D3H3 CS3D3 439 0.75 0.33 1.21
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Fig. 5 Friction loss coefficient fin Moody diagram
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Fig. 8 Minor head loss coefficient of the flowmeter, Kr in the suction pipe for step 1
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Fig. 9 Minor head loss coefficient of the suction pipe inlet, K; for step 1

10000

3o

A 0
1000 | L |
100 |

Ky 10 |

0.01

0
Rpégp

OAH=2.5m
OAH=2m
AAH=1.5m

1.E+03 1.E+04

1.E+05 1.E+06

Fig. 10 Minor head loss coefficient of Globe valve, K, for step 1

UL,z oogame ;o piSleg,due dlole dg) oz 5l 5
Il 10 09590 gl ds ax g5 b ol plio .ol 13 axassl
0dgdzte 40 Cdl culps I SO e lawgie Jlude N U F
Onles £ gz 10 g dewlze jalgn ;) olael 5l a5 o540

Olgre 4y slael Cpl 5l (Gaizd aolol jo .l oald ools

Sl ol Caws 4 il Col o 5l sslaul sl woles yo
slael (ialejl pgs al> o o Sl oue sladailolw
Y Jghaz 50 45 o drnlxe latolesl 51 S5 4o 5alsn,
Sl ool Sl1 lodie, sloalg) 5l Jow ;o Gl O U

Sope Dbl yz (ooled 45 398 oo ovaline Joloa (nl )0

Journal of Hydraulics
21(1),2026



VPO )Le‘-] Al o)l.o.{;') AQ 0y99

Sy yuap

Ay bz 29,5 aileo b 5 S5 Ol mhans 55 el
stz 9 JB 6l g o iy, (tal)] g9 corizan
[ Jse 5286 slodls) sl 4 s Jb o o)las OF 5
(o o YEIYO) Dip 534, yhad b (aije, SO) Y diged
The @ o aljg) mhie gl (39 SzsS Lo @
WSl 5 bz s (1 FYD) dy) zg,> ailes alaie
K p Uy ASe dy) aijs) (piSlug e wlels
rogld oliws g andlas 1) aSlug ue alele oils
Froghd olStws 15l i b2 o s S ojlail 4 08
GrSoslail 4 ol o 51 Ayl ey Ll o Lo
san o 3l Ess 5l om Ay b3 e o Blad
4 Somed 39, 515 (5992 Fomlb 44y Lol wal
39,5 & ymie gl Jld (13,5 55 )5 calg) (6095 alla
Ol oo 3l alg) ailes s 5 00 bag T 5l (ot Ol >
i I8l O Jlade (o ed 4 ams o yialS |
U’“"‘JS‘ so)‘}f 8 L: wl.....o AJlaGo u....:elf ‘Lbcb)j)
G ames ron (ilen ol G (o) aaijg, olass
9 8 RIBIL Ol S ) baaijg) o Shee om0

Al Jlgs solatwl aSleg e dlebe cdl ul o

FHI W ) 03 6;@“ x| uﬂ‘).a )JOLEA? J,b\?

Gz pgo al> 1o (slatalesl (sljl 4 (piSlog a0
Table 6 The averaged head loss coefficients of
hydrosuction system

Apparatus Symbol  Coefficient
Friction. f 0.017
Bend K 2.094
Consecutive bends Kops 2.681
Flowmeter Kr 1.345
Inlet Ki 0.681
Globe Valve Ky 0.221
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Fig. 13 Minor loss coefficient of the suction pipe holes
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Fig. 15 Measured and calculated mean pressure in the inlet of suction pipe for a) H*=26.3, b) H*=35.1 and c) H*=43.9
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Fig. 16 Measured and calculated mean pressure on the inlet of the suction pipe for the step 2 investigation for a) Typel, b)
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