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Dear SIEMA Members,

I am happy to share some exciting developments regarding our efforts to expand our presence in 
the US market and enhance our international export capabilities.

As part of our ongoing commitment to supporting our members in exploring new market 
opportunities, we have decided to form a Special Purpose Vehicle (SPV) dedicated to promoting the 
export of pumps. I am pleased to inform you that significant progress has been made in this regard.

During our recent discussions, it was decided to establish the SPV, with the aim of commencing 
operations from April 2024. The SPV will function under the banner "SIEMA EXIM PVT LTD."

This represents a pivotal step forward in our efforts to facilitate and streamline export activities, 
particularly in key markets such as the United States. Through this dedicated entity, we aim to provide 
our members with enhanced support, resources, and opportunities to capitalize on the growing demand 
for pumps in international markets.

In line with our focus on the US market, we are pleased to announce that discussions have already 
commenced with INXEPTION, a strategic partner specializing in export facilitation. Once the SPV is 
formally established, we will proceed with the necessary documentation and agreements to solidify our 
partnership with INXEPTION, paving the way for smoother export processes and market penetration 
in the United States.

We are committed to ensuring that our members have access to the tools, networks, and support 
systems needed to succeed in the global marketplace. Moving forward, we will continue to explore 
additional avenues for collaboration, expansion, and growth, with a steadfast commitment to serving 
the best interests of our esteemed members.

Thank you for your ongoing support and participation in SIEMA's initiatives. Together, we can 
unlock new opportunities, achieve greater success, and elevate the profile of Coimbatore's pump 
industry on the global stage.

Should you have any questions or require further information, please do not hesitate to contact us.

Warm Regards,

D. Vignesh

From the President's Desk
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sieMa 
activities 
corner

TECHNICAL CALENDAR OF EVENTS 
(BIS/BEE)
Technical committee members discussed on the Letter 
from BEE dated 14.02.2024 for a minimum 4 Star 
requirement and analyzing the feasibility.

The letter from BEE displayed below for your reference:
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Annexure - I: List of appliances covered under Star Labelling Program:
Mandatory Appliances Voluntary Appliances

1. Room Air Conditioners-Fixed Speed 1. lnduction Motors
2. lnverter Air Conditioner 2. Pump Sets
3. Room Air Conditioner (Cassette, Floor Standing) 3. LPG-Stoves
4. Frost Free Refrigerator 4. Diesel Engine Driven Monoset Pumps
5. Direct Cool Refrigerator 5. Ballast (Electronic / Magnetic)
6. Tubular Florescent Lamp 6.	 Office	Equipment's	(Printer,	Copier,	Scanner	MFD's)
7. DistributionTransformer 7. DG Sets
8. Color TV 8. Microwave Ovens
9. Storage type Electric Water Heater 9. Solar Water Heater
10. LED Lamps 10. Air Compressors
11. Ceiling Fans 11. Solid State Inverter
12. Light Commercial Air Conditioners 12. Computer (Notebook / Laptops)
13. Deep Freezers 13. Li-ion traction batteries and systems
14. UHD TV 14. Tyres
15. Washing Machine 15. Induction
16. Chillers 16. Table Fan / Wall Mounted Fan

17. Pedestal Fan
18. Side by Side Refrigerator
19. Solar PV Module

Annexure - II: The appliances and the minimum threshold
BEE star rating are tabulated below

S.No. Appliance Threshold 
Star rating

1. Split Air conditioner 5 Star
2. Window Air conditioner 5 Star
3. Room Air Conditioner (Cassette, Floor Standing) 5 Star
4. Light Commercial Air Conditioner 4 Star
5. Frost Free Refrigerator 4 Star
6. Direct Cool Refrigerator 4 Star
7. Storage Type Electric Water Heater 5 Star
8. LED Lamps 5 Star
9. Ceiling Fans 5 Star

10. Distribution Transformer 3 Star
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SUBJECTS RELATING TO  
CENTRAL & STATE GOVERNMENT

Stakeholder consultation for a Research 
Park in Bharathiar University
The key stakeholder consultation meeting was 
held at the Syndicate Hall, Bharathiar University 
Campus, Coimbatore, from 11:30 AM to 1:30 PM 
on 3rd Feb 2024.  Like the Research Park present in 
IIT, Chennai, they are planning for a Research Park 
in Bharathiar University, which is a strategically 
important initiative by the Government for both 
Coimbatore city and the State of Tamil Nadu.

MC Members attended the meeting. 

RISE TN: Resilient Inclusive and Sustainable 
Enterprises - Tamil Nadu Market Strategies 
& Project Opportunities for MSMEs in 
EV Sector was held on 2nd February 2024 in 
CODISSIA
President Sri. D. Vignesh attended the meeting and 
distributed Certificates to the participants in the 
skilling program. 

Representation to Honourable Finance 
Minister Smt. Nirmala Sitharaman 
on 8th February, 2024
Representation was sent to the Honorable Finance 
Minister Smt. Nirmala Sitharaman regarding 
Request to Amend Section 43B(H) Allowing 90 Days 
for Settlement of Payment within MSME Enterprises. 
Acknowledgement of the same was received.

DMK Meeting - Smt. Kanimozhi 
Karunanidhi’s visit to Coimbatore on 
10th February 2024
President Sri. D. Vignesh attended the event, 
Representation was given to Smt. Kanimozhi 
Karunanidhi on 10th February, 2024.  Subject: 
Submission of Points for Election Manifesto.

ADMK’s Meeting On 10th February 2024
Vice President Sri. Mithun Ramdas attended the 
meeting. Representation was submitted on the 
Election Manifesto. 

REPRESENTATION TO VARIOUS BODIES

Discussion with Mr. Nirmal Kumar & Team 
from CapGrid: On 30th Jan 2024
President Sri. D. Vignesh met Mr. Nirmal Kumar and 
the team from CapGrid on 30th Jan 2024 to discuss on 
Collective Procurement for B & C class items for our 
members.

Visit of Dr. Vinod Tare - Meeting was 
organised by Siruthuli
THE VISIT OF DR VINOD TARE ON 03.02.2024 
Dr Vinod Tare, Founding Head of cGanga and 
Professor at IIT Kanpur, visited Siruthuli on 
3rd February, 2024. He was received at Noyyal Life 
Centre by Siruthuli Team. A brief presentation was 
made on the salient features of the Noyyal River 
System and the issues of sewage plaguing the system 
at various points. Vice President Sri. R. Arun and few 
of our MC Members attended the meeting. 

Meeting with CEO of CSB Bank on 
8th Feb 2024
President Sri. D. Vignesh  along with other Industry 
Associations had a meeting with Shri. Pralay Mondal, 
Managing Director & CEO of CSB Bank Ltd., today 
to discuss about the requirements and expectations of 
MSME's from Banks, at Radisson Blu.

VISION DOCUMENT Program - by CHAMBER  
On 14th February 2024
President Sri. D. Vignesh attended the meeting. A 
Representation was submitted to Shri. B Sriramulu, 
President, Chamber.

Subject: Vision Document for Coimbatore.

(…continued)
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Members Attended: Mr. J Sathish, Trustee, Siruthuli 
Mr. R S Krishnaswamy, Steering Committee Member, 
Siruthuli Mr. S J Balakrishnan, Apex Member, 
Siruthuli Mr. D Balasundaram, Chamber (Virtual) 
Mr. R Arun, Vice-President, SIEMA Mr. Mohan 
Senthilkumar, President, SITARC Mr. C Chinnasamy, 
Chief Coordinator, Siruthuli Mr. L Cibi Mahiban, 
Program Associate, Siruthuli Ms. V Raksha, Program 
Associate, Siruthuli

Discussion Highlights

Various sewage treatment technologies explored 
by Siruthuli so far were taken up for discussion. 
Nualgi, Aquaritin and Bint were phyco-remediation 
technologies. All these technologies are proven. The 
capital cost is negligible but the cost for continuous 
dosing was found to be prohibitive.

Installation of a Pilot Plant based on the technology of 
c-Ganga was discussed. All were convinced that this 
is the only case where results were visible and would 
serve to convince the Government and the donors.

Two locations were discussed, one at an urban location 
adjacent to the STP at Periakulam and the other a 
rural location at the channel at Sundapalayam. It was 
decided that we forward our Expression of Interest 
(EoI) to cGanga to enable them begin the process of 
sending us a proposal.

Another location on the northern side in Periakulam 
was also considered and Siruthuli team will be 
undertaking a study. Raw sewage is being let into the 
tank at this point.

The next step will be to assess the flow at these points 
over a period of one week.

The technology possessed by Bioman will be useful for 
smaller volumes and can be considered there.

Siruthuli will follow up with PSG Institute of 
Advanced Studies to study the solution given by Dr 
Thava Palanisamy.

It was suggested that a video be prepared to create 
awareness on waste disposal and be exhibited across 
the city and at the location where we install the Pilot 
Plant.

Identifying a suitable end use for the treated water 
was emphasized. In case of tanks, increase in catch 
of fish may result in the fisherfolk helping us in our 
initiatives and may also lead to them treating the 
water on their own. Though the treated water may 
be free from odour, it will not be fit to sell due to the 
pale colour. In the case of cGanga treatment in the 
streams, the water is clear and will be fit for sale. Such 
initiatives will only help sustain the treatment.

Discussions also pertained to establishing bar screens 
across channels to prevent flow of solid waste. A 
suitable mechanism must be developed.

Action Points
1. Meeting with the Corporation Commissioner for 

acquiring necessary permissions.
2. Expression of Interest to be sent to c-Ganga.
3. Get proposals for both Periakulam and 

Sundapalayam for flow measurement from AuM 
systems.

4. Steps to be initiated to source the technology 
embedded in the STP demonstrated by cGanga 
and to manufacture the plant locally.

Nalla Thanni Technical Committee Meeting
7th February 2024 – 5.00 pm; Venue: NLC
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Abstract
Submersible pumps are the leading electricity 
consumers in centralized water supply systems. 
Considering the cost structure of the life cycle 
of pumping equipment, the main costs should 
include investment costs, electricity costs during 
operation, and costs of repairing pumping 
equipment. Considering the growing cost of 
electricity in the world, the cost of manufacturing 
pumping equipment is significantly increasing, 
which in turn causes an increase in its price. The 
key factor in increasing the competitiveness of 
such equipment on the market is its modernization 
with the achievement of a higher level of energy 
efficiency with a simultaneous reduction in cost 
due to a reduction in weight and dimension 
parameters. In the research, a significant increase 
in the head from 15 m to 65 m of the submersible 
pump stage was achieved by increasing the 
rotation frequency from 3000 rpm to 6000 rpm and 
designing the pump for this rotation frequency. 
As a result, the pump head, created by the flowing 
part with the basic stage (eight pieces), can be 
provided by the pump using only two designed 
stages. It creates the prerequisites for reducing the 
mass of the pump from 200 kg to 45 kg, or by 77.5%. 
Also, in designing the pump, energy efficiency 
was increased from 74.6% (for the existing pump) 
to 79.4% (by 5% for the developed pump). The 
research results made it possible to significantly 
contribute to reducing the cost of the life cycle of 
the submersible pump installation.
Keywords: energy efficiency; life cycle; process 
innovation; sustainable development; water supply.

Vladyslav Kondus, Ivan Pavlenko*, Oleksandr Kulikov E and Oleksandr Liaposhchenko

Faculty of Technical Systems and Energy Efficient Technologies 
Sumy State University, Rymskogo-Korsakova St., 40007 Sumy, Ukraine; 

v.kondus@pgm.sumdu.edu.ua (Y.K.); o.kulikov@pgm.sumdu.edu.ua (O.K.); 
o.liaposhchenko@pohnp.sumdu.edu.ua (O.L.) 

* Correspondence: i.pavlenko@cm.sumdu.edu.ua

Development of a 
High-Rotational Submersible Pump 

for Water Supply

1. Introduction
In centralized water supply systems, an essential 
element is water intake, which must function as 
a reliable water source in quantity and quality[1]. 
At the same time, water intake from natural 
reservoirs (e.g., lakes, rivers) or an artesian well 
can be used as a source of water supply[2].

Considering the quality of the liquid, artesian 
water has a much higher level of purity than 
that taken by water intake from open natural 
reservoirs[3].

Borehole pumps are mainly designed to 
supply water from artesian wells (Figure 1). They 
are widely used at water intake stations and other 
enterprises where water supply from deep mines 
is necessary[4]. Pumps of this type are also actively 
used in the gas and oil industry[5].

Pumps for supplying water from artesian 
wells are installed directly in the pipes, so they 
have a limited diametrical overall size. This is the 
main difficulty in their design because the limited 
diameter of the impeller is the main factor in the 
limited amount of pressure it creates[6]. As a result, 
pumps of this type are designed with a multistage 
design[7].

Depending on the configuration, the pump 
sections can have 5-10 or even more stages 
in case a high head is required[8]. When the 
impeller rotates, the liquid from the first stage is 
transferred to the second and then to the third[9]. 
Such a principle allows the increase in the kinetic 
energy of the liquid, correspondingly increasing 
the pressure[10].
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Figure 1: Construction and installation conditions of well pumps: 1—pump part; 2—electric motor;
3—power cable; 4—valve; 5—plate; 6—casing; 7—protective net; 8—drain plug; 9—pump control

and protection station; 10—manometer; 11—latch; 12—storage capacity

The appropriate brand is selected to achieve 
the optimal pressure-supply value based on the 
tasks set before the unit. Submersible-type pumps 
are equipped with a safety valve that regulates the 
water column in the event of a sudden engine stop, 
facilitates restarting, and protects the rotation of 
the blades in the opposite direction[11].

The dimensions of submersible pumps, 
depending on the functionality, vary up to three 
meters or more, the mass reaches more than half 
a ton, and the head is more than 600m. The pump 
casing is made of cast iron or corrosion-resistant 
steel. Smaller analogs of submersible pumps are 
used in agriculture and even for household needs 
in homesteads or provide drinking well water to 
the house.

Submersible pumps[12] are the primary 
electricity consumers in centralized water supply 
systems. Considering pumping equipment's 
life cycle cost structure, the main costs should 
include investment (development, manufacturing, 
installation, start-up, and adjustment works), 

electricity during operation, and repairing 
pumping equipment.

The characteristics of the submersible pump 
unit of the ECW type (Figure 2) are presented in 
Table 1[13].

ECV pumps are marked as follows. E means 
driven by a submersible electric motor, C means 
centrifugal pump, W means designed for water 
supply, the first number is the diameter of the 
casing pipe into which the pump is installed, the 
second number is the pump flow rate in m3/h, and 
the third number is the pump head in meters.

According to Eurostat data on the electricity 
cost dynamics in the European market during 
2022, it should be noted that considering the 
growing cost of electricity in the world, the cost 
of manufacturing pumping equipment increases 
significantly[14], which in turn causes an increase 
in its price[15]. Taking this into account, the key 
factor in increasing the competitiveness of such 
equipment on the market is its modernization, 
achieving a higher energy efficiency of the 
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The appropriate brand is selected to achieve the optimal pressure-supply value based
on the tasks set before the unit. Submersible-type pumps are equipped with a safety valve
that regulates the water column in the event of a sudden engine stop, facilitates restarting,
and protects the rotation of the blades in the opposite direction [11].

The dimensions of submersible pumps, depending on the functionality, vary up to
three meters or more, the mass reaches more than half a ton, and the head is more than
600 m. The pump casing is made of cast iron or corrosion-resistant steel. Smaller analogs of
submersible pumps are used in agriculture and even for household needs in homesteads or
provide drinking well water to the house.

Submersible pumps [12] are the primary electricity consumers in centralized water
supply systems. Considering pumping equipment’s life cycle cost structure, the main
costs should include investment (development, manufacturing, installation, start-up, and
adjustment works), electricity during operation, and repairing pumping equipment.

The characteristics of the submersible pump unit of the ECW type (Figure 2) are
presented in Table 1 [13].

ECV pumps are marked as follows. E means driven by a submersible electric motor,
C means centrifugal pump, W means designed for water supply, the first number is the
diameter of the casing pipe into which the pump is installed, the second number is the
pump flow rate in m3/h, and the third number is the pump head in meters.

According to Eurostat data on the electricity cost dynamics in the European market
during 2022, it should be noted that considering the growing cost of electricity in the world,
the cost of manufacturing pumping equipment increases significantly [14], which in turn
causes an increase in its price [15]. Taking this into account, the key factor in increasing the
competitiveness of such equipment on the market is its modernization, achieving a higher
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Water 2023, 15, 3609 3 of 18

energy efficiency of the pump than that of analogs existing on the pump equipment market
with a simultaneous reduction in the production cost due to a reduction in its weight and
overall dimensions [16].

Water 2023, 15, x FOR PEER REVIEW  3  of  18 
 

 

 
Figure 2. ECW 10‐65‐150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide 
vanes, 6—coupling, 7—shaft. 

Table 1. Design features of ECW‐type pumps. 

Parameters of ECW 
Pump 

ECW‐10‐65‐150 
(⌀260 mm) 

ECW 10‐63‐150 
(⌀260 mm) 

ECW 8‐63‐110   
(⌀205 mm) 

ECW 8‐65‐160 
(⌀205 mm) 

Ber‐
diansk 

RPE Kharkiv 
Electro‐Mechani‐

cal Plant 

Livny 
City 

Azov‐En‐
er‐

gomash 

Berdiansk 
City 

Livny 
City 

Livny   
City 

Casing pipe diame‐
ter 

260 mm  205 mm 

Flow rate, m3/h  65  63  63  63  65  65  65 
Head, m  22.5  150  150  150  110  110  160 

Electric motor, kW  27  45  35  37  45  32  33 
Supply voltage, V  31.5  380  380  380  380  380  380 

Length, mm  2000  2040  1520  2040  3100  1930  2580 
Mass, kg  200  294  198  294  147  173  235 

Min well flow rate, 
m³/h 

130  130  126  130  126  130  130 

Nominal current, A  93.0  92.5  77.0  92.5  66.0  70.0  104 
Number of stages, 

pcs 
8  7  7  8  13  13  13 

ECV pumps are marked as follows. E means driven by a submersible electric motor, 
C means centrifugal pump, W means designed for water supply, the first number is the 
diameter of the casing pipe into which the pump is installed, the second number is the 
pump flow rate in m3/h, and the third number is the pump head in meters. 

According to Eurostat data on the electricity cost dynamics in the European market 
during 2022,  it  should be noted  that  considering  the growing  cost of electricity  in  the 
world, the cost of manufacturing pumping equipment increases significantly [14], which 
in turn causes an increase in its price [15]. Taking this into account, the key factor in in‐
creasing  the  competitiveness  of  such  equipment  on  the market  is  its modernization, 
achieving a higher energy efficiency of  the pump  than  that of analogs existing on  the 
pump equipment market with a simultaneous reduction in the production cost due to a 
reduction in its weight and overall dimensions [16]. 

Due to the above‐mentioned analysis, the research aims to reduce the life cycle cost 
of submersible pumps and pumping units based on them. 

To realize this aim, the following research tasks were set: 
(1) Development of the structural scheme of the pump and design of the elements of its 

flowing part with reduced weight and dimensions; 
(2) Selection of the numerical research method, initial conditions, and turbulence model; 

Figure 2. ECW 10-65-150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide
vanes, 6—coupling, 7—shaft.

Table 1. Design features of ECW-type pumps.

Parameters of ECW
Pump

ECW-10-65-150
(

Water 2023, 15, x FOR PEER REVIEW 3 of 18 
 

 

 
Figure 2. ECW 10-65-150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide 
vanes, 6—coupling, 7—shaft. 

Table 1. Design features of ECW-type pumps. 

Parameters of ECW 
Pump 

ECW-10-65-150 
( ⌀ 260 mm) 

ECW 10-63-150 ( ⌀ 
260 mm) 

ECW 8-63-110  
(⌀205 mm) 

ECW 8-65-160 
(⌀205 mm) 

Ber-
diansk 

RPE Kharkiv 
Electro-Mechani-

cal Plant 

Livny 
City 

Azov-En-
er-

gomash 

Berdiansk 
City 

Livny 
City 

Livny  
City 

Casing pipe diame-
ter 

260 mm 205 mm 

Flow rate, m3/h 65 63 63 63 65 65 65 
Head, m 22.5 150 150 150 110 110 160 

Electric motor, kW 27 45 35 37 45 32 33 
Supply voltage, V 31.5 380 380 380 380 380 380 

Length, mm 2000 2040 1520 2040 3100 1930 2580 
Mass, kg 200 294 198 294 147 173 235 

Min well flow rate, 
m³/h 

130 130 126 130 126 130 130 

Nominal current, A 93.0 92.5 77.0 92.5 66.0 70.0 104 
Number of stages, 

pcs 
8 7 7 8 13 13 13 

ECV pumps are marked as follows. E means driven by a submersible electric motor, 
C means centrifugal pump, W means designed for water supply, the first number is the 
diameter of the casing pipe into which the pump is installed, the second number is the 
pump flow rate in m3/h, and the third number is the pump head in meters. 

According to Eurostat data on the electricity cost dynamics in the European market 
during 2022, it should be noted that considering the growing cost of electricity in the 
world, the cost of manufacturing pumping equipment increases significantly [14], which 
in turn causes an increase in its price [15]. Taking this into account, the key factor in in-
creasing the competitiveness of such equipment on the market is its modernization, 
achieving a higher energy efficiency of the pump than that of analogs existing on the 
pump equipment market with a simultaneous reduction in the production cost due to a 
reduction in its weight and overall dimensions [16]. 

Due to the above-mentioned analysis, the research aims to reduce the life cycle cost 
of submersible pumps and pumping units based on them. 

To realize this aim, the following research tasks were set: 
(1) Development of the structural scheme of the pump and design of the elements of its 

flowing part with reduced weight and dimensions; 
(2) Selection of the numerical research method, initial conditions, and turbulence model; 

260 mm) ECW 10-63-150 (

Water 2023, 15, x FOR PEER REVIEW 3 of 18 
 

 

 
Figure 2. ECW 10-65-150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide 
vanes, 6—coupling, 7—shaft. 

Table 1. Design features of ECW-type pumps. 

Parameters of ECW 
Pump 

ECW-10-65-150 
( ⌀ 260 mm) 

ECW 10-63-150 ( ⌀ 
260 mm) 

ECW 8-63-110  
(⌀205 mm) 

ECW 8-65-160 
(⌀205 mm) 

Ber-
diansk 

RPE Kharkiv 
Electro-Mechani-

cal Plant 

Livny 
City 

Azov-En-
er-

gomash 

Berdiansk 
City 

Livny 
City 

Livny  
City 

Casing pipe diame-
ter 

260 mm 205 mm 

Flow rate, m3/h 65 63 63 63 65 65 65 
Head, m 22.5 150 150 150 110 110 160 

Electric motor, kW 27 45 35 37 45 32 33 
Supply voltage, V 31.5 380 380 380 380 380 380 

Length, mm 2000 2040 1520 2040 3100 1930 2580 
Mass, kg 200 294 198 294 147 173 235 

Min well flow rate, 
m³/h 

130 130 126 130 126 130 130 

Nominal current, A 93.0 92.5 77.0 92.5 66.0 70.0 104 
Number of stages, 

pcs 
8 7 7 8 13 13 13 

ECV pumps are marked as follows. E means driven by a submersible electric motor, 
C means centrifugal pump, W means designed for water supply, the first number is the 
diameter of the casing pipe into which the pump is installed, the second number is the 
pump flow rate in m3/h, and the third number is the pump head in meters. 

According to Eurostat data on the electricity cost dynamics in the European market 
during 2022, it should be noted that considering the growing cost of electricity in the 
world, the cost of manufacturing pumping equipment increases significantly [14], which 
in turn causes an increase in its price [15]. Taking this into account, the key factor in in-
creasing the competitiveness of such equipment on the market is its modernization, 
achieving a higher energy efficiency of the pump than that of analogs existing on the 
pump equipment market with a simultaneous reduction in the production cost due to a 
reduction in its weight and overall dimensions [16]. 

Due to the above-mentioned analysis, the research aims to reduce the life cycle cost 
of submersible pumps and pumping units based on them. 

To realize this aim, the following research tasks were set: 
(1) Development of the structural scheme of the pump and design of the elements of its 

flowing part with reduced weight and dimensions; 
(2) Selection of the numerical research method, initial conditions, and turbulence model; 

260 mm) ECW 8-63-110
(

Water 2023, 15, x FOR PEER REVIEW 3 of 18 
 

 

 
Figure 2. ECW 10-65-150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide 
vanes, 6—coupling, 7—shaft. 

Table 1. Design features of ECW-type pumps. 

Parameters of ECW 
Pump 

ECW-10-65-150 
( ⌀ 260 mm) 

ECW 10-63-150 ( ⌀ 
260 mm) 

ECW 8-63-110  
(⌀205 mm) 

ECW 8-65-160 
(⌀205 mm) 

Ber-
diansk 

RPE Kharkiv 
Electro-Mechani-

cal Plant 

Livny 
City 

Azov-En-
er-

gomash 

Berdiansk 
City 

Livny 
City 

Livny  
City 

Casing pipe diame-
ter 

260 mm 205 mm 

Flow rate, m3/h 65 63 63 63 65 65 65 
Head, m 22.5 150 150 150 110 110 160 

Electric motor, kW 27 45 35 37 45 32 33 
Supply voltage, V 31.5 380 380 380 380 380 380 

Length, mm 2000 2040 1520 2040 3100 1930 2580 
Mass, kg 200 294 198 294 147 173 235 

Min well flow rate, 
m³/h 

130 130 126 130 126 130 130 

Nominal current, A 93.0 92.5 77.0 92.5 66.0 70.0 104 
Number of stages, 

pcs 
8 7 7 8 13 13 13 

ECV pumps are marked as follows. E means driven by a submersible electric motor, 
C means centrifugal pump, W means designed for water supply, the first number is the 
diameter of the casing pipe into which the pump is installed, the second number is the 
pump flow rate in m3/h, and the third number is the pump head in meters. 

According to Eurostat data on the electricity cost dynamics in the European market 
during 2022, it should be noted that considering the growing cost of electricity in the 
world, the cost of manufacturing pumping equipment increases significantly [14], which 
in turn causes an increase in its price [15]. Taking this into account, the key factor in in-
creasing the competitiveness of such equipment on the market is its modernization, 
achieving a higher energy efficiency of the pump than that of analogs existing on the 
pump equipment market with a simultaneous reduction in the production cost due to a 
reduction in its weight and overall dimensions [16]. 

Due to the above-mentioned analysis, the research aims to reduce the life cycle cost 
of submersible pumps and pumping units based on them. 

To realize this aim, the following research tasks were set: 
(1) Development of the structural scheme of the pump and design of the elements of its 

flowing part with reduced weight and dimensions; 
(2) Selection of the numerical research method, initial conditions, and turbulence model; 

205 mm)
ECW 8-65-160

(

Water 2023, 15, x FOR PEER REVIEW 3 of 18 
 

 

 
Figure 2. ECW 10-65-150 pump: 1—electric motor, 2—bearings, 3—stage, 4—impeller, 5—guide 
vanes, 6—coupling, 7—shaft. 

Table 1. Design features of ECW-type pumps. 

Parameters of ECW 
Pump 

ECW-10-65-150 
( ⌀ 260 mm) 

ECW 10-63-150 ( ⌀ 
260 mm) 

ECW 8-63-110  
(⌀205 mm) 

ECW 8-65-160 
(⌀205 mm) 

Ber-
diansk 

RPE Kharkiv 
Electro-Mechani-

cal Plant 

Livny 
City 

Azov-En-
er-

gomash 

Berdiansk 
City 

Livny 
City 

Livny  
City 

Casing pipe diame-
ter 

260 mm 205 mm 

Flow rate, m3/h 65 63 63 63 65 65 65 
Head, m 22.5 150 150 150 110 110 160 

Electric motor, kW 27 45 35 37 45 32 33 
Supply voltage, V 31.5 380 380 380 380 380 380 

Length, mm 2000 2040 1520 2040 3100 1930 2580 
Mass, kg 200 294 198 294 147 173 235 

Min well flow rate, 
m³/h 

130 130 126 130 126 130 130 

Nominal current, A 93.0 92.5 77.0 92.5 66.0 70.0 104 
Number of stages, 

pcs 
8 7 7 8 13 13 13 

ECV pumps are marked as follows. E means driven by a submersible electric motor, 
C means centrifugal pump, W means designed for water supply, the first number is the 
diameter of the casing pipe into which the pump is installed, the second number is the 
pump flow rate in m3/h, and the third number is the pump head in meters. 

According to Eurostat data on the electricity cost dynamics in the European market 
during 2022, it should be noted that considering the growing cost of electricity in the 
world, the cost of manufacturing pumping equipment increases significantly [14], which 
in turn causes an increase in its price [15]. Taking this into account, the key factor in in-
creasing the competitiveness of such equipment on the market is its modernization, 
achieving a higher energy efficiency of the pump than that of analogs existing on the 
pump equipment market with a simultaneous reduction in the production cost due to a 
reduction in its weight and overall dimensions [16]. 

Due to the above-mentioned analysis, the research aims to reduce the life cycle cost 
of submersible pumps and pumping units based on them. 

To realize this aim, the following research tasks were set: 
(1) Development of the structural scheme of the pump and design of the elements of its 

flowing part with reduced weight and dimensions; 
(2) Selection of the numerical research method, initial conditions, and turbulence model; 

205 mm)

Berdiansk
RPE Kharkiv

Electro-Mechanical
Plant

Livny City Azov-
Energomash

Berdiansk
City

Livny
City

Livny
City

Casing pipe diameter 260 mm 205 mm

Flow rate, m3/h 65 63 63 63 65 65 65

Head, m 22.5 150 150 150 110 110 160

Electric motor, kW 27 45 35 37 45 32 33

Supply voltage, V 31.5 380 380 380 380 380 380

Length, mm 2000 2040 1520 2040 3100 1930 2580

Mass, kg 200 294 198 294 147 173 235

Min well flow rate,
m3/h 130 130 126 130 126 130 130

Nominal current, A 93.0 92.5 77.0 92.5 66.0 70.0 104

Number of stages, pcs 8 7 7 8 13 13 13

Due to the above-mentioned analysis, the research aims to reduce the life cycle cost of
submersible pumps and pumping units based on them.

To realize this aim, the following research tasks were set:

(1) Development of the structural scheme of the pump and design of the elements of its
flowing part with reduced weight and dimensions;

(2) Selection of the numerical research method, initial conditions, and turbulence model;
(3) Performing a numerical study of hydrodynamic processes in the elements of the

flowing part of the developed pump in order to ensure a high level of energy efficiency
and obtain the resulting energy characteristics of the pump;

(4) Analysis of research results.

Achieving this aim will make it possible to implement measures to achieve several
UN Sustainable Development Goals [17], e.g., clean water and proper sanitation; affordable
and clean energy; and industry, innovation, and infrastructure.

2. Materials and Methods

As a pump for modernization, the ECW 10-63-150 pump was chosen, the operating
parameters of which are given in Table 1. For its modernization and replacement, a new
pump was designed with an increased frequency of shaft rotation up to 6000 rpm. Due to
the increased frequency of rotation, the impeller can create a significantly higher head [18].
This will make it possible to reduce the number of stages, influencing the reduction in mass

Figure 2: ECW 10-65-150 pump: 1 - electric motor, 2 - bearings, 3-stage, 4-impeller, 5-guide vanes, 6-coupling, 7-shaft

Table 1: Design features of ECW-type pumps

Parameters of ECW 
Pump

ECW 10-65-150 
(ø260 mm)

ECW 10-63-150 
(ø260 mm)

ECW 8-63-110 
(ø205 mm)

ECW 8-65-160 
(ø205 mm)

Berdiansk
RPE Kharkiv Electro-

Mechanical Plant
Livny City

Azov-
Energomash

Berdiansk City Livny City Livny City

Casing pipe diameter 260 mm 205 mm

Flow rate, m3/h 65 63 63 63 65 65 65

Head, m 22.5 150 150 150 110 110 160

Electric motor, kW 27 45 35 37 45 32 33

Supply Voltage, V 31.5 380 380 380 380 380 380

Length, mm 2000 2040 1520 2040 3100 1930 2580

Mass, kg 200 294 198 294 147 173 235

Min well flow rate, m3/h 130 130 126 130 126 130 130

Nominal current A 93.0 92.5 77.0 92.5 66.0 70.0 104

Number of stages, pcs 8 7 7 8 13 13 13

pump than that of analogs existing on the pump 
equipment market with a simultaneous reduction 
in the production cost due to a reduction in its 
weight and overall dimensions[16].

Due to the above-mentioned analysis, the 
research aims to reduce the life cycle cost of 
submersible pumps and pumping units based on 
them.

To realize this aim, the following research 
tasks were set:
(1) Development of the structural scheme of the 

pump and design of the elements of its flowing 
part with reduced weight and dimensions;

(2) Selection of the numerical research method, 
initial conditions, and turbulence model;

(3) Performing a numerical study of hydrodynamic 
processes in the elements of the flowing part 
of the developed pump in order to ensure a 
high level of energy efficiency and obtain the 
resulting energy characteristics of the pump;

(4) Analysis of research results. 

Achieving this aim will make it possible to 
implement measures to achieve several UN 
Sustainable Development Goals[17], e.g., clean 

water and proper sanitation; affordable and 
clean energy; and industry, innovation, and 
infrastructure.

2. Materials and Methods
As a pump for modernization, the ECW 10-63-150 
pump was chosen, the operating parameters of 
which are given in Table 1. For its modernization 
and replacement, a new pump was designed with 
an increased frequency of shaft rotation up to 6000 
rpm. Due to the increased frequency of rotation, the 
impeller can create a significantly higher head[18]. 
This will make it possible to reduce the number 
of stages, influencing the reduction in mass and 
dimensions. The main requirement of the pump is 
that the diameter size should not exceed 260 mm 
to ensure operation as a replacement for the 
existing fleet of this pump.

The newly designed pump (Figure 3) has two 
stages. At the same time, the existing currently 
in use ECW 10-63-150 pumps use a flowing part 
with 8 stages[19]. The developed design of the 
pump made it possible to reduce the weight of the 
pump from 200 kg (for the existing ECW 10-63-
150 pump) to 45 kg, that is, by 77%.



16
SIEMA Magazine

M
ar

ch
 2

02
4

The operating position of the pump is vertical. 
The pump has a shaft 1 on which stages consisting 
of an impeller 2 and a guide device 3 are located. 
For unloading the residual axial force, an 
automatic balancing device 4 is used at different 
operation modes [20, 21] for pump operation with 
different values of the flow rate parameter from 
zero to maximum when the pump's efficiency 
is maximum. At the end of the shaft, there is a 
coupling 5, which allows for connecting the pump 
shaft with the motor shaft.

Shaft 1 causes the impeller 2 to rotate. The 
liquid from the underwater device enters the 
impeller 2 through the grid 6. After that, it enters 
the guide vanes 3, which redirect the fluid flow 
to the next stage. As the fluid passes through 
all pump stages, it gains energy and leaves the 
pump. Part of the liquid enters the hydraulic heel, 
where axial force is unloaded. The spent liquid 
is returned to the supply through the drain hole 
in the pump shaft, an essential feature of the 

developed pump. The through shaft allows for 
increasing the pressure at the entrance to the first 
stage of the pump, which significantly improves 
the cavitation properties of the pump[22]. The 
total length of the pump without an electric motor 
is 550 mm, 72.5% less than the existing analog.

According to the developed design scheme, 
the design of 3D models of the elements of its 
flowing part, the centrifugal impeller, and the 
guide vanes was performed in Solid Works 2018. 
Numerical research of the flow parameters of the 
pumped liquid was carried out using the ANSYS 
CFX 13.0 software complex in the flow rate range 
from Q = 0.05·QBEP to Q = 1.8·QBEP (where BEP is 
the best efficiency point, the operational flow rate 
when the best efficiency h is reached). To ensure 
the correct operation of the numerical research in 
ANSYS CFX, elongated sections are made near the 
inlet and outlet of each element of the flow part. 
This software product has proven to be accurate 
in modeling the operating process of dynamic 
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and dimensions. The main requirement of the pump is that the diameter size should not
exceed 260 mm to ensure operation as a replacement for the existing fleet of this pump.

The newly designed pump (Figure 3) has two stages. At the same time, the existing
currently in use ECW 10-63-150 pumps use a flowing part with 8 stages [19]. The developed
design of the pump made it possible to reduce the weight of the pump from 200 kg (for the
existing ECW 10-63-150 pump) to 45 kg, that is, by 77%.

Water 2023, 15, x FOR PEER REVIEW  4  of  18 
 

 

(3) Performing  a numerical  study of hydrodynamic processes  in  the  elements of  the 
flowing part of the developed pump in order to ensure a high level of energy effi‐
ciency and obtain the resulting energy characteristics of the pump; 

(4) Analysis of research results. 
Achieving this aim will make it possible to implement measures to achieve several 

UN Sustainable Development Goals [17], e.g., clean water and proper sanitation; afforda‐
ble and clean energy; and industry, innovation, and infrastructure. 

2. Materials and Methods 
As a pump for modernization, the ECW 10‐63‐150 pump was chosen, the operating 

parameters of which are given in Table 1. For its modernization and replacement, a new 
pump was designed with an increased frequency of shaft rotation up to 6000 rpm. Due to 
the  increased  frequency of rotation,  the  impeller can create a significantly higher head 
[18]. This will make it possible to reduce the number of stages, influencing the reduction 
in mass and dimensions. The main  requirement of  the pump  is  that  the diameter size 
should not exceed 260 mm to ensure operation as a replacement for the existing fleet of 
this pump. 

The newly designed pump (Figure 3) has two stages. At the same time, the existing 
currently in use ECW 10‐63‐150 pumps use a flowing part with 8 stages [19]. The devel‐
oped design of the pump made it possible to reduce the weight of the pump from 200 kg 
(for the existing ECW 10‐63‐150 pump) to 45 kg, that is, by 77%. 

 
Figure 3. Developed pump: 1—shaft, 2—impeller, 3—guide device, 4—automatic balancing device, 
5—coupling, 6—mesh. 

The operating position of  the pump  is vertical. The pump has a shaft 1 on which 
stages consisting of an  impeller 2 and a guide device 3 are  located. For unloading  the 
residual axial force, an automatic balancing device 4 is used at different operation modes 
[20,21] for pump operation with different values of the flow rate parameter from zero to 
maximum when  the pump’s efficiency  is maximum. At  the end of  the shaft,  there  is a 
coupling 5, which allows for connecting the pump shaft with the motor shaft. 

Shaft 1 causes the impeller 2 to rotate. The liquid from the underwater device enters 
the impeller 2 through the grid 6. After that, it enters the guide vanes 3, which redirect the 
fluid flow to the next stage. As the fluid passes through all pump stages, it gains energy 
and leaves the pump. Part of the liquid enters the hydraulic heel, where axial force is un‐
loaded. The spent  liquid  is returned to the supply through the drain hole  in the pump 
shaft, an essential feature of the developed pump. The through shaft allows for increasing 
the pressure at the entrance to the first stage of the pump, which significantly improves 
the cavitation properties of the pump [22]. The total length of the pump without an electric 
motor is 550 mm, 72.5% less than the existing analog. 

According to the developed design scheme, the design of 3D models of the elements 
of its flowing part, the centrifugal impeller, and the guide vanes was performed in Solid‐
Works 2018. Numerical research of the flow parameters of the pumped liquid was carried 
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The operating position of the pump is vertical. The pump has a shaft 1 on which stages
consisting of an impeller 2 and a guide device 3 are located. For unloading the residual
axial force, an automatic balancing device 4 is used at different operation modes [20,21] for
pump operation with different values of the flow rate parameter from zero to maximum
when the pump’s efficiency is maximum. At the end of the shaft, there is a coupling 5,
which allows for connecting the pump shaft with the motor shaft.

Shaft 1 causes the impeller 2 to rotate. The liquid from the underwater device enters
the impeller 2 through the grid 6. After that, it enters the guide vanes 3, which redirect the
fluid flow to the next stage. As the fluid passes through all pump stages, it gains energy
and leaves the pump. Part of the liquid enters the hydraulic heel, where axial force is
unloaded. The spent liquid is returned to the supply through the drain hole in the pump
shaft, an essential feature of the developed pump. The through shaft allows for increasing
the pressure at the entrance to the first stage of the pump, which significantly improves the
cavitation properties of the pump [22]. The total length of the pump without an electric
motor is 550 mm, 72.5% less than the existing analog.

According to the developed design scheme, the design of 3D models of the elements of
its flowing part, the centrifugal impeller, and the guide vanes was performed in SolidWorks
2018. Numerical research of the flow parameters of the pumped liquid was carried out
using the ANSYS CFX 13.0 software complex in the flow rate range from Q = 0.05·QBEP
to Q = 1.8·QBEP (where BEP is the best efficiency point, the operational flow rate when
the best efficiency η is reached). To ensure the correct operation of the numerical research
in ANSYS CFX, elongated sections are made near the inlet and outlet of each element of
the flow part. This software product has proven to be accurate in modeling the operating
process of dynamic pumps. In particular, the research error does not exceed 5%, which
fully meets the requirements for the accuracy of engineering calculations [23]. The scheme
of the research is given in Figure 4.

The ANSYS CFX was used based on the numerical solution method of the fundamental
hydromechanics laws. It was repeatedly tested in solving the problems of pump design,
and the discrepancy between the numerical and physical modeling results does not exceed
5%; therefore, this software product is suitable for solving the stated research problem.

Figure 3: Developed pump: 1 - shaft, 2-impeller, 3-guide device, 4-automatic balancing device, 5-coupling, 6-mesh
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The modeling of turbulent fluid flow is performed using Reynolds equations
(i, j = 1–3) [24,25]:
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where xi and xj are coordinate axes; ui and uj are velocity components; p is pressure; t is

time; fi are mass forces;
→
ω is the vector of the angular velocity of rotation;

→
r is the radius

vector; ρ is the density of the pumped liquid, kg/m3; and µ is the dynamic viscosity, m2/s.
While modeling turbulent flows in the Navier–Stokes equation, the instantaneous

velocity is replaced by the sum of the Reynolds averaged velocity and the pulsating
component of the velocity. The dependence (1) takes the following form [26]:
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Uj are time-averaged velocity values; and
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→
U′

j are pulsating components
of velocities.

In the course of the research, the ANSYS CFX software was used to record the values
of the flow rate Q (m3/h), the torque on the pump impeller M (N·m), and the fluid velocity
at the outlet and inlet of the pump v2 and v1 (m/s). The values of head H (m), useful
power Nu (W), power consumed by the pump Nc (W), and the efficiency η were calculated
depending on the following parameters:

H = (z2 − z1) +
p2 − p1

ρg
+

v2
2 − v2

1
2g

; (5)

Nu = ρgQH; (6)

Nc = Mω; (7)
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pumps. In particular, the research error does not 
exceed 5%, which fully meets the requirements for 
the accuracy of engineering calculations[23]. The 
scheme of the research is given in Figure 4.

The ANSYS CFX was used based on the 
numerical solution method of the fundamental 
hydromechanics laws. It was repeatedly tested 
in solving the problems of pump design, and the 
discrepancy between the numerical and physical 
modeling results does not exceed 5%; therefore, 
this software product is suitable for solving the 
stated research problem.

The modeling of turbulent fluid flow 
is performed using Reynolds equations 
(i, j = 1-3) [24, 25]:
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The modeling of turbulent fluid flow is performed using Reynolds equations
(i, j = 1–3) [24,25]:
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)
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where xi and xj are coordinate axes; ui and uj are velocity components; p is pressure; t is

time; fi are mass forces;
→
ω is the vector of the angular velocity of rotation;

→
r is the radius

vector; ρ is the density of the pumped liquid, kg/m3; and µ is the dynamic viscosity, m2/s.
While modeling turbulent flows in the Navier–Stokes equation, the instantaneous

velocity is replaced by the sum of the Reynolds averaged velocity and the pulsating
component of the velocity. The dependence (1) takes the following form [26]:
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where
→
Ui and

→
Uj are time-averaged velocity values; and

→
U′

i and
→
U′

j are pulsating components
of velocities.

In the course of the research, the ANSYS CFX software was used to record the values
of the flow rate Q (m3/h), the torque on the pump impeller M (N·m), and the fluid velocity
at the outlet and inlet of the pump v2 and v1 (m/s). The values of head H (m), useful
power Nu (W), power consumed by the pump Nc (W), and the efficiency η were calculated
depending on the following parameters:

H = (z2 − z1) +
p2 − p1

ρg
+

v2
2 − v2

1
2g

; (5)

Nu = ρgQH; (6)

Nc = Mω; (7)

where xi and xj are coordinate axes; ui and uj are 
velocity components; p is pressure; t is time; fi are 
mass forces; w is the vector of the angular velocity 
of rotation; r is the radius vector; r is the density of 
the pumped liquid, kg/m3; and m is the dynamic 
viscosity, m2/s.

While modeling turbulent flows in the Navier-
Stokes equation, the instantaneous velocity is 
replaced by the sum of the Reynolds averaged 
velocity and the pulsating component of the 

velocity. The dependence (1) takes the following 
form[26]:
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The modeling of turbulent fluid flow is performed using Reynolds equations
(i, j = 1–3) [24,25]:
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where xi and xj are coordinate axes; ui and uj are velocity components; p is pressure; t is

time; fi are mass forces;
→
ω is the vector of the angular velocity of rotation;

→
r is the radius

vector; ρ is the density of the pumped liquid, kg/m3; and µ is the dynamic viscosity, m2/s.
While modeling turbulent flows in the Navier–Stokes equation, the instantaneous

velocity is replaced by the sum of the Reynolds averaged velocity and the pulsating
component of the velocity. The dependence (1) takes the following form [26]:
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where
→
Ui and

→
Uj are time-averaged velocity values; and

→
U′

i and
→
U′

j are pulsating components
of velocities.

In the course of the research, the ANSYS CFX software was used to record the values
of the flow rate Q (m3/h), the torque on the pump impeller M (N·m), and the fluid velocity
at the outlet and inlet of the pump v2 and v1 (m/s). The values of head H (m), useful
power Nu (W), power consumed by the pump Nc (W), and the efficiency η were calculated
depending on the following parameters:

H = (z2 − z1) +
p2 − p1

ρg
+

v2
2 − v2

1
2g

; (5)

Nu = ρgQH; (6)

Nc = Mω; (7)

where Ui and Uj are time-averaged velocity 
values; and U'i and U'j are pulsating components 
of velocities.

In the course of the research, the ANSYS 
CFX software was used to record the values of 
the flow rate Q (m3/h), the torque on the pump 
impeller M (N·m), and the fluid velocity at the 
outlet and inlet of the pump v2 and v1 (m/s). 
The values of head H (m), useful power Nu (W), 
power consumed by the pump Nc (W), and the 
efficiency h were calculated depending on the 
following parameters:
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The modeling of turbulent fluid flow is performed using Reynolds equations
(i, j = 1–3) [24,25]:
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of velocities.

In the course of the research, the ANSYS CFX software was used to record the values
of the flow rate Q (m3/h), the torque on the pump impeller M (N·m), and the fluid velocity
at the outlet and inlet of the pump v2 and v1 (m/s). The values of head H (m), useful
power Nu (W), power consumed by the pump Nc (W), and the efficiency η were calculated
depending on the following parameters:

H = (z2 − z1) +
p2 − p1

ρg
+

v2
2 − v2

1
2g

; (5)

Nu = ρgQH; (6)

Nc = Mω; (7)
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η =
Nu

Nc
=

ρgQH
Mω

, (8)

where z2 and z1 are the height of the outlet and inlet levels of the pump, m; ω is the angular
velocity of the impeller rotation, rad/s.

The design of calculation meshes of the pump’s flowing part elements was performed
in the software component ICEM CFD 13.0 [27]. The wall layer is made as follows. The
thickness of the first layer was 0.04 mm. The sizes of subsequent layers increased exponen-
tially with an index of 1.5. The number of layers in the wall layer is 7. In the region of the
wall layer, the cells have a prismatic shape, and in the region of the rest of the flow, they
have the shape of a tetrahedron.

The calculation area (Figure 5) was created in the CFX-Pre 19.0 package.
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The operating environment was water with a temperature of 20 ◦C. The mode was
turbulent. To conclude the Reynolds equations, the standard k-ε [28] turbulence model
was used, which has proven itself well in conducting studies of the flow in the flow part of
centrifugal pumps [29].

The value of the variable y+, which characterizes the thickening of the mesh near the
walls, was within 20 < y+ < 100, which had an exact match with the error of engineering
measurements in previous studies of centrifugal pumps during field tests [30].

3. Results

The analysis of the research results was carried out in the CFX-Post 19.0 environment.
The following drawings were made to study the qualitative picture of fluid movement
through the pump’s flow part and make corrections to its structural elements.

In the beginning, modeling of the basic stage of the ECW 10-63-150 pump (Figure 6)
was carried out to obtain its characteristics and the liquid flow pattern in the intervane
channels of the impeller and guide vanes.

where z2 and z1 are the height of the outlet and 
inlet levels of the pump, m; w is the angular 
velocity of the impeller rotation, rad/s.
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wall layer is made as follows. The thickness of the 
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ρgQH
Mω
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where z2 and z1 are the height of the outlet and inlet levels of the pump, m; ω is the angular
velocity of the impeller rotation, rad/s.

The design of calculation meshes of the pump’s flowing part elements was performed
in the software component ICEM CFD 13.0 [27]. The wall layer is made as follows. The
thickness of the first layer was 0.04 mm. The sizes of subsequent layers increased exponen-
tially with an index of 1.5. The number of layers in the wall layer is 7. In the region of the
wall layer, the cells have a prismatic shape, and in the region of the rest of the flow, they
have the shape of a tetrahedron.

The calculation area (Figure 5) was created in the CFX-Pre 19.0 package.
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The operating environment was water with a temperature of 20 ◦C. The mode was
turbulent. To conclude the Reynolds equations, the standard k-ε [28] turbulence model
was used, which has proven itself well in conducting studies of the flow in the flow part of
centrifugal pumps [29].

The value of the variable y+, which characterizes the thickening of the mesh near the
walls, was within 20 < y+ < 100, which had an exact match with the error of engineering
measurements in previous studies of centrifugal pumps during field tests [30].

3. Results

The analysis of the research results was carried out in the CFX-Post 19.0 environment.
The following drawings were made to study the qualitative picture of fluid movement
through the pump’s flow part and make corrections to its structural elements.

In the beginning, modeling of the basic stage of the ECW 10-63-150 pump (Figure 6)
was carried out to obtain its characteristics and the liquid flow pattern in the intervane
channels of the impeller and guide vanes.
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first layer was 0.04 mm. The sizes of subsequent 
layers increased exponentially with an index 
of 1.5. The number of layers in the wall layer is 
7. In the region of the wall layer, the cells have a 
prismatic shape, and in the region of the rest of the 
flow, they have the shape of a tetrahedron.

The calculation area (Figure 5) was created in 
the CFX-Pre 19.0 package.

The operating environment was water with 
a temperature of 20°C. The mode was turbulent. 
To conclude the Reynolds equations, the standard 
k-e[28] turbulence model was used, which has 
proven itself well in conducting studies of the 
flow in the flow part of centrifugal pumps[29].

The value of the variable y+, which 
characterizes the thickening of the mesh near the 
walls, was within 20 < y+ < 100, which had an exact 
match with the error of engineering measurements 
in previous studies of centrifugal pumps during 
field tests[30].

3. Results
The analysis of the research results was carried 
out in the CFX-Post 19.0 environment.

The following drawings were made to study 
the qualitative picture of fluid movement through 
the pump's flow part and make corrections to its 
structural elements.

In the beginning, modeling of the basic stage 
of the ECW 10-63-150 pump (Figure 6) was carried 
out to obtain its characteristics and the liquid flow 
pattern in the intervane channels of the impeller 
and guide vanes.

Analysis of the qualitative picture of the 
relative velocity distribution (Figure 6b) during 
the rotation of the impeller proves the efficiency 

and its effect on the head created behind the 
impeller[31]. The existing zones of slightly reduced 
(blue color) relative velocity have a pronounced 
character and are explained by vortex formation 
and pressure changes.

Table 2 shows the pump parameters of the 
stage in different operation modes obtained from 
the initial model of the ECV 10-63-150 pump 
using the above-mentioned numerical simulation 
approach. It is essential to see how the pump 
functions not only at the BEP (best efficiency 
point) but also in other operating modes (Q < 
QBEP, Q > QBEP). This is explained by the fact 
that the pump can function in different operating 
modes. A decrease in the operating parameters 
(head, power, efficiency) on the modes (Q < QBEP, 
Q > QBEP) can lead to a deterioration of the pump 
operating conditions, in particular on the starting 
modes (cavitation phenomena, surging), which 
reduces the service life of the pump and increases 
the risk of premature failure of its design elements. 
Taking this into account, we present the pump's 
operating parameters in a wide supply range, 
Q = 0.05-1.8 QBEP, for a complete analysis of the 
obtained results.

For the next research stage, using the design 
methodology according to[32], a stage consisting 
of an impeller and a guide vane with an increased 
rotation frequency of 6000 rpm was developed 
(model 01).

Figure 7 shows the characteristics of the stage 
in different operating modes obtained using the 
quasilinear regression approach[29]. Figure 8 
shows the flowing part's pressure and relative 
velocity distributions (model 01). The red line 
shows the dependence of the consumed power Nc 
on the flow rate of this design pump Q. The green 
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Figure 6. Qualitative picture of the distribution in the basic pump stage’s flowing part: (a) total
pressure; (b) relative velocity.

Analysis of the qualitative picture of the relative velocity distribution (Figure 6b)
during the rotation of the impeller proves the efficiency and its effect on the head created
behind the impeller [31]. The existing zones of slightly reduced (blue color) relative velocity
have a pronounced character and are explained by vortex formation and pressure changes.

Table 2 shows the pump parameters of the stage in different operation modes obtained
from the initial model of the ECV 10-63-150 pump using the above-mentioned numerical
simulation approach. It is essential to see how the pump functions not only at the BEP (best
efficiency point) but also in other operating modes (Q < QBEP, Q > QBEP). This is explained
by the fact that the pump can function in different operating modes. A decrease in the
operating parameters (head, power, efficiency) on the modes (Q < QBEP, Q > QBEP) can lead
to a deterioration of the pump operating conditions, in particular on the starting modes
(cavitation phenomena, surging), which reduces the service life of the pump and increases
the risk of premature failure of its design elements. Taking this into account, we present the
pump’s operating parameters in a wide supply range, Q = 0.05–1.8 QBEP, for a complete
analysis of the obtained results.

Table 2. Characteristics of the basic stage of the ECW 10-63-150 pump.

Duty Point Flow Rate Q, m3/h Head, m Efficiency, %

0.05 3.25 18.97 10.55

0.10 6.50 19.28 19.85

0.20 13.0 19.28 33.98

0.40 26.0 19.14 51.88

0.60 39.0 18.26 64.41

0.80 52.0 16.40 72.33

1.00 65.0 14.75 74.55

1.20 78.0 11.97 70.17

1.40 91.0 8.440 58.53

1.60 104 4.300 35.65

For the next research stage, using the design methodology according to [32], a stage
consisting of an impeller and a guide vane with an increased rotation frequency of 6000 rpm
was developed (model 01).

Figure 7 shows the characteristics of the stage in different operating modes obtained
using the quasilinear regression approach [29]. Figure 8 shows the flowing part’s pressure
and relative velocity distributions (model 01). The red line shows the dependence of the

Figure 6:  Qualitative picture of the distribution in the basic pump stage's flowing part:
(a) total pressure; (b) relative velocity
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line shows the dependence of the pump efficiency 
on the flow rate of this design pump Q, and the 
blue line shows the dependence of the pump head 
H on the flow rate of this design pump Q.

Analysis of the qualitative picture of the 
relative velocity distribution during its rotation 
inside the guide vanes shows that there are 
reduced (blue color) and increased (red color) 
relative velocity zones with a pronounced 
character. This is explained by forming a vortex 
due to the separation of the liquid flow from the 
part's surface and the change in pressure in these 
areas[16]. The significant vortices occur in the 
outlet channel of the guide vanes, which decrease 
the entire stage's efficiency. Therefore, it can be 
concluded that the guide vanes do not perform 
their function correctly due to the significant 
narrowing of the passage channel and the friction 
of the viscous layers of liquid between themselves 
[33]. The guide vanes create additional hydraulic 
losses at increased rotation frequency despite 
the design methodology. At the same time, the 
function of converting kinetic energy into potential 
energy is only partially fulfilled, as shown by an 
additional literature review on this problem[34].

The relative velocity distribution in the stage 
proves the need for its improvement and the 
correctness of the selection of the guide vanes. 
Unfortunately, existing design methods for today 
are not designed for the design of the flowing part 
of submersible pumps with a rotation frequency 
of more than 3000 rpm.

Due to narrowed guide vanes (Figure 8), the 
operating point shifted to the area of lower flow 
rates at increased rotation frequency. At the 
same time, the operating point had the following 
parameters: the flow rate was about 28 m3/h 

Table 2: Characteristics of the basic stage of the 
ECW 10-63-150 pump

Duty Point Flow Rate Q, m3/h Head / m Efficiency, %
0.05 3.25 18.97 10.55
0.10 6.50 19.28 19.85
0.20 13.0 19.28 33.98
0.40 26.0 19.14 51.88
0.60 39.0 18.26 64.41
0.80 52.0 16.40 72.33
1.00 65.0 14.75 74.55
1.20 78.0 11.97 70.17
1.40 91.0 8.440 58.53
1.60 104 4.300 35.65Water 2023, 15, 3609 8 of 18

consumed power Nc on the flow rate of this design pump Q. The green line shows the
dependence of the pump efficiency on the flow rate of this design pump Q, and the blue
line shows the dependence of the pump head H on the flow rate of this design pump Q.
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Analysis of the qualitative picture of the relative velocity distribution during its
rotation inside the guide vanes shows that there are reduced (blue color) and increased (red
color) relative velocity zones with a pronounced character. This is explained by forming a
vortex due to the separation of the liquid flow from the part’s surface and the change in
pressure in these areas [16]. The significant vortices occur in the outlet channel of the guide
vanes, which decrease the entire stage’s efficiency. Therefore, it can be concluded that the
guide vanes do not perform their function correctly due to the significant narrowing of the
passage channel and the friction of the viscous layers of liquid between themselves [33].
The guide vanes create additional hydraulic losses at increased rotation frequency despite
the design methodology. At the same time, the function of converting kinetic energy into
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consumed power Nc on the flow rate of this design pump Q. The green line shows the
dependence of the pump efficiency on the flow rate of this design pump Q, and the blue
line shows the dependence of the pump head H on the flow rate of this design pump Q.
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Analysis of the qualitative picture of the relative velocity distribution during its
rotation inside the guide vanes shows that there are reduced (blue color) and increased (red
color) relative velocity zones with a pronounced character. This is explained by forming a
vortex due to the separation of the liquid flow from the part’s surface and the change in
pressure in these areas [16]. The significant vortices occur in the outlet channel of the guide
vanes, which decrease the entire stage’s efficiency. Therefore, it can be concluded that the
guide vanes do not perform their function correctly due to the significant narrowing of the
passage channel and the friction of the viscous layers of liquid between themselves [33].
The guide vanes create additional hydraulic losses at increased rotation frequency despite
the design methodology. At the same time, the function of converting kinetic energy into

Figure 7: Characteristics of the basic stage of the
ECW 10-63-150 pump

Figure 8:  Qualitative picture of the distribution in the developed pump stage's flowing part (model 01):
(a) total pressure; (b) relative velocity
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and the head was about 106 m with the highest 
efficiency value equal to 73% (Table 3).

Table 3: Characteristics of the developed stage 
of the ECW 10-63-150 pump (model 01)

Duty Point Flow Rate Q, m3/h Head / m Efficiency, %
0.05 3.5 103.2 18.26
0.20 14 107.7 54.87
040 28 106.3 72.82
0.60 42 75.13 64.79
0.80 56 42.96 43.14
1.00 70 9.040 10.60

The next step in the research was the 
improvement of the guide vanes to reduce 
hydraulic losses. As a result, a vaneless guide 

vane (model 02) was created with a channel width 
of 15 mm [35] in the transfer and inlet channels to 
prevent flow compression and vortex formation 
(Figure 9).

The total pressure and relative velocity 
distributions in the developed pump stage’s 
flowing part with vaneless guide vanes (model 02) 
are presented in Figure 10.

Analysis of the qualitative picture of the 
relative velocity distribution (Figure lOb) during 
the impeller rotation proves the correctness of 
the direction of improvement of the guide vanes. 
There are zones of slightly reduced (blue color) 
and increased (red color) relative velocity after 
the fluid leaves the guide vanes, which have a 
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potential energy is only partially fulfilled, as shown by an additional literature review on
this problem [34].

The relative velocity distribution in the stage proves the need for its improvement and
the correctness of the selection of the guide vanes. Unfortunately, existing design methods
for today are not designed for the design of the flowing part of submersible pumps with a
rotation frequency of more than 3000 rpm.

Due to narrowed guide vanes (Figure 8), the operating point shifted to the area of
lower flow rates at increased rotation frequency. At the same time, the operating point had
the following parameters: the flow rate was about 28 m3/h and the head was about 106 m
with the highest efficiency value equal to 73% (Table 3).

Table 3. Characteristics of the developed stage of the ECW 10-63-150 pump (model 01).

Duty Point Flow Rate Q, m3/h Head, m Efficiency, %

0.05 3.5 103.2 18.26

0.20 14 107.7 54.87

0.40 28 106.3 72.82

0.60 42 75.13 64.79

0.80 56 42.96 43.14

1.00 70 9.040 10.60

The next step in the research was the improvement of the guide vanes to reduce
hydraulic losses. As a result, a vaneless guide vane (model 02) was created with a channel
width of 15 mm [35] in the transfer and inlet channels to prevent flow compression and
vortex formation (Figure 9).
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The total pressure and relative velocity distributions in the developed pump stage’s
flowing part with vaneless guide vanes (model 02) are presented in Figure 10.
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Analysis of the qualitative picture of the relative velocity distribution (Figure 10b)
during the impeller rotation proves the correctness of the direction of improvement of the
guide vanes. There are zones of slightly reduced (blue color) and increased (red color)
relative velocity after the fluid leaves the guide vanes, which have a strongly pronounced
character and are explained by the mixing of liquid layers among themselves [36]. This
design shifted the optimum point to the region of increased flow rates.

Due to the expansion of the guide vanes, the operating point (Table 4) had the following
characteristics: the flow rate was about 84 m3/h and the head was about 46 m with the
highest efficiency value equal to 59%.

Table 4. Characteristics of the developed stage of the ECW 10-63-150 pump with vaneless guide
vanes (model 02).

Duty Point Flow Rate Q, m3/h Head, m Efficiency, %

0.05 3.5 65.0 16.36

0.20 14 52.5 27.30
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strongly pronounced character and 
are explained by the mixing of liquid 
layers among themselves[36]. This 
design shifted the optimum point to 
the region of increased flow rates.

Due to the expansion of the guide 
vanes, the operating point (Table 4) 
had the following characteristics: 
the flow rate was about 84 m3/h and 
the head was about 46 m with the 
highest efficiency value equal to 59%.

The pressure characteristic 
(Figure 11) is constantly falling, 
which is a satisfactory result from 
the point of view of pump operation.

At the next stage of the 
research, the guide vanes were 
improved by adding vanes with 
constant thickness to equalize the 
pressure characteristics of the stage 
(model 03).
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Analysis of the qualitative picture of the 
relative velocity distribution (Figure 12) during 
the impeller rotation proves the correctness of the 
improvement of the guide vanes.

The main problem was the poor inflow 
onto the vanes of the guide vanes, which led to 
additional hydraulic losses, characterized by 
zones of slightly reduced (blue color) relative 
velocity in the intervane channels of the guide 
vanes.

According to the research results, the 
appropriate pressure characteristic of the stage 
was obtained (Table 5).

The operating point shifted towards slightly 
increased flow rates and had the following 

Table 4: Characteristics of the developed stage 
of the ECW 10-63-150 pump with 
vaneless guide vanes (model 02).

Duty Point Flow Rate Q, m3/h Head / m Efficiency, %
0.05 3.5 65.0 16.36
0.20 14 52.5 27.30
0.40 28 43.1 40.00
0.60 42 43.2 34.07
0.80 56 45.8 42.38
1.00 70 48.0 51.77
1.20 84 45.7 58.65
1.40 98 33.4 52.69
1.60 112 33.5 52.75
1.80 126 17.0 47.81

Water 2023, 15, 3609 11 of 18

Water 2023, 15, x FOR PEER REVIEW  11  of  18 
 

 

Due to the expansion of the guide vanes, the operating point (Table 4) had the fol‐
lowing characteristics: the flow rate was about 84 m3/h and the head was about 46 m with 
the highest efficiency value equal to 59%. 

Table 4. Characteristics of the developed stage of the ECW 10‐63‐150 pump with vaneless guide 
vanes (model 02). 

Duty Point  Flow Rate Q, m3/h  Head, m  Efficiency, % 
0.05  3.5  65.0  16.36 
0.20  14  52.5  27.30 
0.40  28  43.1  40.00 
0.60  42  43.2  34.07 
0.80  56  45.8  42.38 
1.00  70  48.0  51.77 
1.20  84  45.7  58.65 
1.40  98  33.4  52.69 
1.60  112  33.5  52.75 
1.80  126  17.0  47.81 

The pressure characteristic  (Figure 11)  is constantly  falling, which  is a satisfactory 
result from the point of view of pump operation. 

 
Figure 11. Characteristics of the developed stage of the ECW 10‐63‐150 pump with vaneless guide 
vanes (model 02). 

At the next stage of the research, the guide vanes were improved by adding vanes 
with constant thickness to equalize the pressure characteristics of the stage (model 03). 

Analysis of the qualitative picture of the relative velocity distribution (Figure 12) dur‐
ing the impeller rotation proves the correctness of the improvement of the guide vanes. 

Figure 11. Characteristics of the developed stage of the ECW 10-63-150 pump with vaneless guide
vanes (model 02).

At the next stage of the research, the guide vanes were improved by adding vanes
with constant thickness to equalize the pressure characteristics of the stage (model 03).

Analysis of the qualitative picture of the relative velocity distribution (Figure 12)
during the impeller rotation proves the correctness of the improvement of the guide vanes.
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The main problem was the poor inflow onto the vanes of the guide vanes, which led to
additional hydraulic losses, characterized by zones of slightly reduced (blue color) relative
velocity in the intervane channels of the guide vanes.

According to the research results, the appropriate pressure characteristic of the stage
was obtained (Table 5).

The operating point shifted towards slightly increased flow rates and had the fol-
lowing characteristics (Figure 13): the flow rate was about 70 m3/h and the head was
about 62 m with the highest efficiency value equal to 76%. In this model of the guide
vanes, efficiency characteristics close to the basic level were obtained, and the head values
increased significantly.

Figure 11: Characteristics of the developed stage of 
the ECW 10-63-150 pump with vaneless guide vanes 

(model 02)
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At the next stage of the research, the guide vanes were improved by adding vanes
with constant thickness to equalize the pressure characteristics of the stage (model 03).

Analysis of the qualitative picture of the relative velocity distribution (Figure 12)
during the impeller rotation proves the correctness of the improvement of the guide vanes.
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characteristics (Figure 13): the flow rate 
was about 70 m3/h and the head was about 
62 m with the highest efficiency value equal 
to 76%. In this model of the guide vanes, 
efficiency characteristics close to the basic 
level were obtained, and the head values 
increased significantly.

The last step of the research was the 
narrowing of the transfer and inlet channels 
of the guide vanes from 15 mm to 10 mm 
to build the correct axisymmetric flow in 
the meridional section of the guide vanes 
(model 04).

Analysis of the qualitative picture of 
the relative velocity distribution (Figure 14) 
proves the correctness of the guide vanes' 
design.

The distribution of fluid in the stage 
is qualitative. There are no zones of 
significantly reduced (blue color) and 
increased (red color) relative velocity in the 
intervane channels of the guide vanes.
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In this stage model (model 04), there is an 
increase in both the head and the pump's efficiency 
(Table 6).

The operating point remained unchanged 
compared to the previous version (flow rate equal 
to 70 m3/h), the head increased slightly to the 
value of 65 m, and thanks to the correctly designed 
guide vanes, a high efficiency level, about 80%, 
was achieved. The head characteristic (Figure 15) 
of the stage has a drop in the delivery range from 
0 to 28 m3/h, which does not affect the pump's 

Table 5: Characteristics of the improved stage 
of the ECW 10-63-150 pump (model 03).

Duty Point Flow Rate Q, m3/h Head / m Efficiency, %
0.05 3.5 74.57 14.14
0.10 7.0 78.30 23.84
0.20 14 80.21 40.80
0.40 28 80.08 58.05
0.60 42 78.78 68.51
0.80 56 72.61 73.72
1.00 70 61.54 75.74
1.20 84 48.87 74.46
1.40 98 34.47 68.10
1.60 112 19.35 54.16
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performance because the standard 
regulates the possibility of operating 
the pump in the operation range of (0.7-
1.2)·Qopt

[37].
Based on the research results, the 

electric pump unit ECW 10-65-150 was 
developed, characterized by increased 
energy efficiency indicators and head 
characteristics concerning existing 
analogs (Table 7).

4. Discussion
Given the obtained results, a significant 
increase in the head was achieved from 
14.75 m of the basic stage to 65.04 m of the 
developed stage (model 04) of the pump, 
which is 440% more. Thus, the pump 
head, which is created by the flowing 
part with a basic stage (eight pieces), can 
be provided by a pump using only two 
designed stages (model 04) [38].

According to the research results, the 
pump's weight was reduced from 200 kg 
to 45 kg, or 77.5%.

The energy efficiency (nominal 
mode) of the developed stage (model 04) 
is the highest of all the studied stages 
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Table 6: Characteristics of the improved stage 
of the ECW 10-63-150 pump (model 04).

Duty Point Flow Rate Q, m3/h Head / m Efficiency, %
0.05 3.5 76.22 15.88
0.10 7.0 79.75 25.61
0.20 14 82.30 41.85
0.40 28 83.88 60.46
0.60 42 83.73 72.52
0.80 56 76.79 77.62
1.00 70 65.04 79.42
1.20 84 51.52 77.85
1.40 98 36.83 72.51
1.60 112 20.49 56.81
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(79.42%). Also, it is 5% higher than that of the 
basic stage.

The power consumption (nominal mode) of 
the developed stage (models 03 and 04) is almost 
the same (15.56 kW and 15.62 kW, respectively). 
However, the head of the 04 model is 3.5 m (or 
5.4%) higher than that of the 03 model.

The pictures of the relative velocity distribution 
in the intervane channels of the centrifugal 
impeller and the guide vanes (Figure 14b) prove 
the high quality of the design of the flowing part of 
the pump unit, the correctness of the installation 
angles of the blades, and the correct selection of 
their number (Figure 14a).

According to the calculations, the head 
characteristic of the stage was built (Figure 15), 
with the help of which we can see that the pressure 
at the calculation point Q = 70 m3/h is 65 m, and 
the efficiency is 80%.

The standard[37] establishes the following 
requirements for the operation of pumping 
equipment. Short-term operation of the pumping 
equipment in the operating range Q = (0.7-
1.2)·QBEP and long-term operation in supply 
modes Q = (0.9-1.1)·QBEP is allowed. In this case, 
the flow rate at QBEP means the mode of operation 
of the pump, in which the maximum value of 
efficiency h is reached.

For long-term operation of pumping 
equipment, we will obtain the following range 
from 63 m3/h to 77 m3/h. With such values, we can 
obtain such a range of the head and efficiency. At 
a point with a flow rate of 63 m3/h, we will obtain 
a head of 71 m and an efficiency of 80%. At a point 
with a flow rate of 77 m3/h, we will obtain a head 
of 59 m and an efficiency of 79%.

Table 7: Comparison of operating paramters of different stages of the developed pump

Parameter Basic Stage Model 01 02 03 04
Flow rate, m3/h

(max efficiency mode) 65 28 84 70 70

Head, m  
(max efficiency mode) 14.75 106.31 47.96 61.54 65.04

Head, m (nominal mode) 14.75 9.04 45.67 61.54 65.04
Efficiency, % (max mode) 74.55 72.82 58.65 75.44 79.42

Efficiency, % 
(nominal mode) 74.55 10.60 51.77 75.44 79.42

Power consumption, W 
(max effieincy mode) 3504 11,139 18,718 15,560 15,621

Power consumption, W 
(nominal mode) 3504 – 17,824 15,560 15,621



30
SIEMA Magazine

M
ar

ch
 2

02
4

For short-term operation of pumping 
equipment, we will obtain the following range 
from 49 m3/h to 84 m3/h. With such values, we can 
obtain such a range of the head and efficiency. At 
a point with a flow rate of 49 m3/h, we will obtain 
a head of 80 m and an efficiency of 77%. At a point 
with a flow rate of 84 m3/h, we will obtain a head 
of 22 m and an efficiency of 78%. Having obtained 
a good efficiency characteristic, we can increase 
the pump's operating range during its long-term 
operation.

Submersible pumps can differ depending on 
the depth of water's rise or the diameter of the 
well. The smaller the diameter of the welt the more 
stages need to be used to raise the liquid from 
the source, affecting the mass and dimensional 
parameters of the pumping unit.

Using this pump on all wells can increase 
uniformity, standardization, reliability, and the 
number of spare parts stored in the warehouse.

The main advantages of the research results 
are as follows. Firstly, an increase in efficiency 
of the developed pump by 4.87% compared to 
the existing analog has been achieved. Secondly, 
there is a 67.5% reduction in the weight and 
overall dimensions of the developed pump, which 
will lead to a significant reduction in the cost of 
the pump in comparison with an existing analog. 
Moreover, the use of the proposed approach 
made it possible to reduce the cost and prevent 
the need for manufacturing and full-scale testing 
of intermediate models of the developed pump 
(models 01, 02, and 03).

The limitation of the study is the need to 
replace pump elements, which requires additional 
investment costs for the modernization of already 
installed pumps.

Further studies will be aimed to prove the 
results of numerical studies by carrying out a 
full-scale test at the Laboratory of Hydrodynamic 
Drives and Installations. It is also planned to 
conduct a more in-depth study of the flow pattern 
in the flowing part of the developed pump stage 
model (model 04) and the integral characteristics 
of the pump based on it. It is also planned 
to manufacture and test the pump using the 
developed model of the pump stage (model 04).

5. Conclusions
During the research, the flowing part of the 
submersible pump for water intake stations was 

developed, and it was characterized by increased 
energy characteristics due to the increased 
frequency of the shaft rotation. The proposed 
structural scheme is fundamentally new for 
submersible pumps with a two-stage flowing part 
structural scheme.

Based on the developed design diagram of the 
ECW 10-65-150 pump, 3D models of the pump 
flowing part (impeller, guide vanes) and the liquid 
pumped were created in the SolidWorks software 
environment. Using the ANSYS CFX software 
complex, numerical research of hydrodynamic 
processes was performed in the 3D model of the 
elements of the developed pump's flowing part, 
which made it possible to obtain the maximum 
possible indicators of the pump's energy efficiency 
and ensure its increased head capacity due to the 
increased frequency of the shaft rotation. The 
stage parameters in the nominal operating mode 
are as follows: the flow rate equals Q = 70 m3/h, 
the head is equal to H = 65.04 m, and efficiency is 
h = 79.42%.

Due to the increase in the rotation frequency 
of the rotor, a significant increase in the stage's 
head was achieved from 14.75 m (basic model) to 
65.04 m (developed model 04), which creates the 
prerequisites for reducing the number of stages in 
the pump from eight pieces down to two pieces, as 
well as a significant reduction in material capacity 
from 200 kg to 45 kg, or by 67.5% of the pump.

From the point of view of energy efficiency, an 
increase in efficiency 11 compared to the existing 
analog (basic model) has been achieved by up to 
4.87%, which will significantly reduce its energy 
consumption.

Introducing this pump to operate on 
water intakes will increase the unification and 
standardization of pumping equipment. In 
addition, it will reduce the cost of the life cycle 
of the pump installation based on the developed 
pump due to a significant reduction in investment 
costs and electricity costs during the pump 
operation compared to the base model.
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RISE TN - WRI Meeting - 2nd Feb 2024

Meeting with CEO of CSB Bank on 8th Feb 2024

Resilient Inclusive and Sustainable Enterprises - Tamil Nadu Market Strategies &  
Project Opportunities for MSMEs in EV Sector was held on 2nd February 2024 in CODISSIA

President Sri. D. Vignesh attended the meeting and distributed Certificates to the participants in the skilling program.

President Sri. D. Vignesh  along with other Industry Associations had a meeting with Shri. Pralay Mondal, Managing 
Director & CEO of CSB Bank Ltd., today to discuss about the requirements and expectations of MSME's from Banks, 

at Radisson Blu
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DMK Meeting - Smt. Kanimozhi Karunanidhi’s visit to Coimbatore – 10th February 2024

President Sri. D. Vignesh attended the event, Representation was given to Smt. Kanimozhi Karunanidhi 
on 10th February, 2024.  Subject: Submission of Points for Election Manifesto.



35
SIEMA Magazine

M
ar

ch
 2

02
4

edu.ua/handle/123456789 / 44432 (accessed 
on 18 September 2023).

33.  Patil, A; Morrison, G. Affinity Law Modified 
to Predict the Pump Head Performance for 
Different Viscosities Using the Morrison 
Number. ASME J. Fluids Eng. 2018,141,021203. 
[CrossRef]

34.  Liu, Y; Xie, Z.; Zhou, Y; Peng, Z.; Liu, Z. 
CFD simulation and optimization of electric 
submersible pump considering the effect of 
heavy oil viscosity. Pet Sci. 2023,45,170-177. 
[CrossRef]

35.  Fleder, A.; Bohle, M. A systematical study of 
the influence of blade length, blade width, 
and side channel height on the performance 
of a side channel pump. ASME J. Fluids Eng. 
2015, 137, 121102. [CrossRef]

36.  Zhou, W.; Wang, Y.; Li, c.; Zhang, W.; Wu, G. 
Analysis of fluid-induced force of centrifugal 
pump impeller with compound whirl. Alex. 
Eng. J. 2020,59,4247-4255. [CrossRef]

37.  ISO 13709:2009; Centrifugal Pumps for 
Petroleum, Petrochemical and Natural 
Gas Industries. International Organization 
for Standardization: Geneva, Switzerland, 
2009. Available online: https:/ /www.iso.
org/standard/41612.html (accessed on 18 
September 2023).

38.  Han, c.; Liu, J.; Yang, Y; Chen, X. Influence 
of blade exit angle on the performance and 
internal flow pattern of a high-speed electric 
submersible pump. Water 2023, 15, 2774. 
[CrossRef]



36
SIEMA Magazine

M
ar

ch
 2

02
4

|®¤UøP EshõÚõÀ öÁØÔ²shõS®. 

A¢u |®¤UøP°ß ‰»õuõµ® 

Âhõ•¯Ø] GßQÓõº ©PõPÂ £õµv¯õº. 

BP÷Á Gøu²® |®¤UøP²hß 

öuõh[S[PÒ. HöÚßÓõÀ |®¤UøPuõß 

ÁõÌUøP. |®¤UøP GßQÓ |¢uõ ÂÍUøP 

Cu¯zvÀ H¢va öŒ¯À£k®÷£õx Gkzu 

Põ›¯® ¯õÂ¾® öÁØÔ Gß£x EÖv. 

|®¤UøP²® Âhõ•¯Ø]²® øP÷Põºzxa 

öŒ¯À£h ÷Ásk®. ]»¸US |®¤UøP 

C¸US® BÚõÀ Âhõ•¯Ø]²hß öŒ¯À£h 

©õmhõºPÒ. ]Ö]Ö ÷uõÀÂPÒ ÷|º¢uõ¾® 

©Ú® ÷Œõº¢x •h[QÂkÁõºPÒ. CßÝ® 

]»÷µõ Âhõ©À •¯ÀÁõºPÒ BÚõÀ 

‘•i²®’ GßÓ |®¤UøP C¸UPõx. 

|®¤UøP°À»õ©À •¯ÀÁx Gß£x, 

C¸mk AøÓ°À P¸¨¦¨ §øÚø¯ ¤iUP 

•¯ÀÁuØS J¨£õS®.

BP÷Á G¨ö£õÊx® 

•Êø©¯õÚ |®¤UøP²hß 

Âhõ•¯Ø]²hß öŒ¯À 

£kÁøu E[PÐøh¯ 

©Ú¨ £ÇUP©õUQU 

öPõÒÐ[PÒ. •i¢uÁøµ 

•¯ÀÁuÀ» •¯Ø] 

Gkzuøu •iUS®Áøµ 

•¯ÀÁxuõß •¯Ø] 

Gß£øu²® ¦›¢x öPõsk 

öÁÀ¾® Áøµ •¯À÷Áß 

GÚ EÖv÷¯ØÖU öPõsk 

•¯¾[PÒ. öÁØÔ EÖv.

ö£õÖø©²hß •¯¾[PÒ

J¸ {ªh¨ ö£õÖø© ÁõÌUøPU÷P 

ö£õÖø©. AÁ\µ¨£kÁuõÀ Gøu²® 

Œõvzx Âh •i¯õx. ]UP»õÚ \©¯[PÎÀ 

ö£õÖø©¯õPa öŒ¯À£kÁx ªPÄ® •UQ¯®. 

GuØS® J¸ Põ»® Esk Gß£õºPÒ. Põ»® 

PÛ²® Áøµ Põzv¸¨£xhß Gøu²® E›¯ 

Põ»zvÀ öŒ#x •i¨£x® •UQ¯®. Cøuz 

uõß ‘bõ»® P¸vÝ[ øPUTk[ Põ»® P¸v 

Ch¢uõØ öŒ°ß’ GßQÓõº v¸ÁÒÐÁº.

xoÄhß •¯¾[PÒ

÷uõÀÂ ÷|º¢uõ¾® xß£® ̀ Ì¢uõ¾® ©Ú® 

uÍº¢x Âhõ©À xoÄhß •¯À£ÁºP÷Í 

öÁØÔU PÛø¯a _øÁUQÓõºPÒ. ÷uõÀÂ 

Psk ¤ßÁõ[S£ÁºPÒ G¨ö£õÊx® 

•ß÷ÚØÓU PõØøÓ _Áõ]¨£vÀø». 

÷uõÀÂ ÷|º¢uõÀ }[PÒ öÁÀÁuØSz 

uSv¯ØÓÁºPÒ GßÖ 

Aºzu©À», }[PÒ 

÷©ØöPõsh ÁÈPÎÀ 

AqS•øÓPÐ® •¯Ø]

PÐ® ÷£õx©õÚuõPÄ® 

\›¯õÚuõPÄ® CÀø» 

GßÖuõß Aºzu®. BP÷Á 

ÁÈPøÍ²® •øÓPøÍ²® 

©õØÓ ÷Ásk÷© uÂµ 

•¯Ø]PøÍU øPÂhU 

Thõx.

Q›UöPm ø©uõÚzvÀ 

xoÄ Gß£x ÂUöPm-

PøÍ ÃÌzxÁ÷uõ AÀ»x 

÷uõÀÂ ÷|º¢uõÀ 

}[PÒ öÁÀÁuØSz 

uSv¯ØÓÁºPÒ GßÖ 

Aºzu©À», }[PÒ  

÷©ØöPõsh ÁÈPÎÀ 

AqS•øÓPÐ® 

•¯Ø]PÐ® 

÷£õx©õÚuõPÄ® 

\›¯õÚuõPÄ® CÀø» 

GßÖuõß Aºzu®. 

]¢uøÚU PÂbº

hõUhº PÂuõŒß
C¯USÚº ©ØÖ® uø»Áº, 

©ÛuÁÍ @©®£õmkz xøÓ 
¹mì {ÖÁÚ[PÒ, @PõøÁ

|®¤UøP²hß 
öŒ¯À£k[PÒ
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µßPøÍ Gk¨£÷uõ ©mk©À», Gß£uØS 

GkzxUPõmhõPz vPÌ¢uÁº AÛÀS®÷Í. 

2002® Bsk ÷©ØQ¢v¯z wÄPÒ AoUS 

GvµõP BsiSÁõ ø©uõÚzvÀ I¢x|õÒ 

÷£õmi |øhö£ØÓx. AvÀ ÂøÍ¯õi¯ 

AÛÀS®÷Í ÷£mi[ öŒ#²®÷£õx 

÷©ØQ¢v¯z vÄPÒ £¢xÃa]À uõøh°À 

£»zu Põ¯® HØ£mk µzu® öPõmi¯x. 

GUì÷µ Gkzx¨ £õºzuvÀ uõøh G¾®¦ 

•Ô¢v¸¨£x öu›¯ Á¢ux. EhÚi¯õP 

AÖøÁa ]QaøŒ öŒ#¯÷Ásk® GßÖ 

TÔÚõºPÒ. BÚõÀ Cøh÷ÁøÍUS¨¤ÓS 

uõøh°À Pmk¨ ÷£õmkU öPõsk 

ø©uõÚzvØS Á¢xÂmhõº S®÷Í. A¢u 

{ø»°¾® öuõhºa]¯õP 14 KÁºPÒ £¢x 

Ã] ÷©ØQ¢v¯ Ao°ß •UQ¯ Ãµº 

»õµõøÁ AÄmhõUQÚõº. ÷£õmi ¯õ¸US® 

öÁØÔ ÷uõÀÂ°ßÔ iµõÂÀ •i¢ux.

Akzu |õÒ B£÷µ\ÝUS öŒßÓ÷£õx 

‘|õß GßÚõÀ •i¢uøua öŒ#¯ •¯ß÷Óß 

GßÓ v¸¨v²hß C¨÷£õx ]QaøŒ öŒ#x 

öPõÒQ÷Óß’ GßÓõº S®÷Í. AzuøPø¯ 

•¯Ø]÷¯ xoÄhß •¯ÀÁuØS 

Aøh¯õÍ®. Cøu÷¯ ÁÒÐÁ¸® ‘xß£® 

E›Á›Ý® öŒ#¯P xoÁõØÔ Cß£® 

£¯US® ÂøÚ’ GßQÓõº.

Aa\ªßÔ •¯¾[PÒ

EßÚu C»m]¯zøu ÷|õUQ •¯¾® 

÷£õx GÒÍÍÄ® Aa\ªßÔ xoÄhß 

•¯Ø]UP ÷Ásk®. ]ÔuÍÄ Aa\® 

ö|g]À C¸¢uõ¾®, •¯Ø]°À ©Ú® 

•Êø©¯õP Dk£hõx. BP÷Á Aa\zøu 

Ai÷¯õk ©Úv¼¸¢x Âµmi¯iUP 

÷Ásk®. ‘Aa\ªÀø» Aa\ªÀø» Ea] 

«x ÁõÛi¢x ÃÌ¢u÷£õx® Aa\ªÀø» 

Aa\ªÀø»’ GßÖ FUP‰mkQÓõº ©PõPÂ 

£õµv. BP÷Á Aa\ªÀ»õu •¯Ø]÷¯ 

öÁØÔUS AizuÍ©õP Aø©QÓx.

ÁõÌÂÀ GzuøÚ ÷uõÀÂPÒ ÷|º¢uõ¾® 

Aa\ªßÔ •¯Ø]UP ÷Ásk® Gß£uØS 

Euõµn® B¤µPõ® ¼[PÛß ÁõÌUøP. 

uÚx HÊ Á¯vÀ Sk®£zvß ÁÖø© 

Põµn©õP ÷Áø»US ÷£õÚõº. 9Á¯vÀ uÚx 

uõø¯¨ £ÔöPõkzuõº. 22 Á¯vÀ Pøh°À 

QÍõºUPõP ÷Áø»USa ÷Œº¢uõº. 23 Á¯vÀ 

©õPõn \ø£ ÷uºu¼À ÷uõØÓõº. 24Á¯vÀ 

uõß Bµ®¤zu Â¯õ£õµzv¾® ÷uõØÓõº. 25 

Á¯vÀ ©õPõn \ø£ ÷uºu¼À •uÀ öÁØÔ 

Qøhzux. 27Á¯vÀ |µ®¦ ÷|õ# £õvzux. 

28Á¯vÀ AÁº Â¸®¤¯ ö£s AÁøµz 

v¸©n® öŒ#x öPõÒÍ ©Özuõº. 29Á¯vÀ 

\£õ|õ¯Pº ÷uºu¼À ÷uõÀÂ. 31 Á¯vÀ 

«sk® ÷uõÀÂ. 34 Á¯vÀ ¤µv{vPÒ 

\ø£UPõÚ ÷uºu¼À ÷uõÀÂ. 41 Á¯vÀ 

©PøÍ CÇ¢uõº. 46 Á¯vÀ Aö©›UP 

öŒÚm \ø£ ÷uºu¼À ÷uõØÓõº. 47Á¯vÀ 

Aö©›UPõ xøn áÚõv£v ÷Ám£õÍº BP 

•¯ßÖ ÷uõØÓõº. 49 Á¯vÀ «sk® öŒÚm 

÷uºu¼À ÷uõØÓõº. CzuøÚ AkUPkUPõÚ 

÷uõÀÂPÐUS¨ ¤ÓS Aa\ªßÔ öuõhº¢x 

•¯ßÖ öPõs÷h C¸¢uuß Põµn©õP 

uÚx 51Á¯vÀ ÷uºu¼À öÁßÖ Aö©›UP 

Av£º BÚõº. ÷uõÀÂPøÍU Psk xÁsk 

¤ßÁõ[P {øÚ¨£ÁºPÒ, ¼[PøÚ 

•ßÝuõµn©õPU öPõsk •¯ßÖ 

•ß÷ÚØÓ¨ £iPÎÀ öuõhº¢x £¯oUP 

÷Ásk®.

£ß•P©õP •¯¾[PÒ

Œõuõµn ©Ûuß £»•øÓ •¯ÀQÓõß; 

ŒõuøÚ ©Ûuß £»ÁÈPÎÀ •¯ÀQÓõß. 

÷©¾®, •¯Ø] Gß£x •ß÷ÚØÓzxhß 

Ti¯uõP C¸UP÷Ásk®. JÆöÁõ¸ •øÓ 

•¯¾®÷£õx® TkuÀ Á¼ø©²hÝ®, 

öuÎ¢u Â÷ÁPzxhÝ® •¯Ø]UP ÷Ásk®.

Gøu²® BÌ¢x ]¢vzxz öuÎ¢u 

¤ßÚ÷µ •¯Ø]PøÍ ÷©ØöPõÒÍ ÷Ásk®. 

Cøuzuõß ÁÒÐÁº “Gsoz xoP” 
GßQÓõº. |©x C»USz öuÎÁõP C¸UP 

÷Ásk® Gß£xhß, Ax AøÚÁ¸US® 

|ßø© öPõkUPU Ti¯uõPÄ® C¸UP 

÷Ásk® Gß£x ªPÄ® AÁ]¯®. 

HöÚßÓõÀ AøÚÁ¸US® |ßø©u¸® 

C»USUS Á¼ø© AvP®. |õ® •ß÷ÚÓ 

÷Ásk® GßÖ {øÚ¨£xhß AÆÁõÖ 

•ß÷ÚÖÁuõÀ \•uõ¯•® |õk® £¯ß£h 

÷Ásk® GßÖ Gsoa öŒ¯À£h ÷Ásk®. 

Cøu ©PõPÂ £õµv²® Á¼²ÖzxQÓõº 

“©s £¯ÝÓ ÷Ásk®” GßÖ. BP÷Á |À» 

C»m]¯zøu ÷|õUQ |®¤UøP²hÝ® 

xoÄhÝ® •¯Ø]US® ÷£õx Gkzu 

Põ›¯® ¯õÂ¾® öÁØÔ Gß£x EÖv.



Office Space available for rent in SIEMA BUILDINGS – 810 Sq. ft. Ground Floor.
Interested parties may come in person or Contact: 98428 31147

ThE SoUThErN INDIA ENGINEErING MANUfACTUrErS’ ASSoCIATIoN
No.8/4, Race Course, Thomas Park, Coimbatore - 641 018

offICE SPACE AVAILABLE for rENT

DEPArTMENT of roBoTICS AND 
AUToMATIoN ENGINEErING

PSG CoLLEGE of TEChNoLoGY
COIMBATORE

ShorT-TErM TrAINING ProGrAMMES 

S.No. Course Title Duration

1. CNC Programming and Maintenance
1 Month (Part-time)
10 days (Full-time)

2 PLC, HMI and SCADA Programming 1 Month (Part-time)

3 Industrial Robot Programming 
4 days (Full-time)
8 days (Part-time)

4 Electrical Circuit design using ePLAN 2 Days (Full-time)

• Placement assistance 
• State of the art Laboratories for hands on training

For further details contact

Ms. K. Vidya
Centre for Industrial Automation, Department of Robotics and Automation 

Phone: 8973509825 | E-mail: cia@psgtech.ac.in
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What the 
Media 
says?

Dinamalar 11th Feb 2024
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Visit of Dr. Vinod Tare - Meeting  
was organised by Siruthuli

Dr Vinod Tare, Founding Head of cGanga and 
Professor at IIT Kanpur, visited Siruthuli on 

3rd February, 2024. He was received at Noyyal 
Life Centre by Siruthuli Team. After lunch, a brief 
presentation was made on the salient features of 
the Noyyal River System and the issues of sewage 
plaguing the system at various points.

He, along with the team then left to visit the 
locations where Decentralised STPs are proposed 
to be installed.

The first location was the point where 
Coimbatore Vaaikkaal enters Periakulam. There 
is a STP in operation on the southern side of the 
channel. Of the 10 mld of sewage that the lake 
receives, 4 mld is treated and let into lagoons, 
the surplus from where flows into the lake. The 
area opposite the existing STP to the north of the 
channel was found to be ideal. Dr Tare suggested 
that treated water from the proposed STP should be 

identifiable, so that results can be clearly observed. 
In that case, it was decided that a separate small 
lagoon be created in the available space and also 
that aquaculture be introduced in it.

The second location was the stream flowing in 
Sundapalayam. The space adjacent to the stream 
in front of Vallalaar Diawound Hospital looked 
appropriate. A retaining wall will have to be 
constructed along this space. A check dam will 
have to be constructed to retain the sewage, from 
where it can be pumped up for treatment. Vice 
President of Save Agriculture Association was 
also present. Part of the treated water can be let 
along the stream and the remaining distributed to 
the farms in the vicinity.

An interaction was arranged at NLC with 
Dr Vinod Tare. Officials from the Coimbatore 
Municipal Corporation, Tamil Nadu Pollution 
Control Board, SiTarc, Siema and members from 
the Apex Committee of Siruthuli participated.

Dr Tare spoke at length about the origin and 
the objectives of River Systems that has continued 
to evolve over the years. Dr Tare emphasized 
the concept of Scientific Decentralized Sewage 
Treatment methods and illustrating the river's 
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inherent ability to remain intact and serve 
humanity. He advocated for the preservation of 
the river's flow, emphasizing the need to leave 
some water for the river's well-being.

Underlining the success of these initiatives, 
Dr Tare informed that the Government of India 
has now embarked on projects to address water 
challenges in other river basins, including 
Narmada, Kaveri, and Mandakini. These projects, 
backed by a high critical mass, signal a promising 
future for sustainable water management.

He emphasized the need to leverage joint 
efforts for transforming rivers into catalysts 
for urban water management. He highlighted 
the pollution abatement, effective river basin 
management, and the enhancement of people-
river connectivity and biodiversity.

He explained in detail, various aspects of the 
STP demonstrated Sequential Continuous Flow 
Reactor. He emphasized the advantages of having 
low power consumption, low space requirement 
and continuous operation of the system. He 
encouraged questions from the audience and 
answered them in detail.

An appeal was made to him that the technology 
be made available to industrialists in Coimbatore 
so that manufacturing can be taken up here.

The idea of organising a Conclave on 
Decentralised STPs at Coimbatore was discussed 
and Dr Tare assured the gathering that he will 
bring distinguished professors from IITs and NITs 
to participate.

Ms Vanitha Mohan, Managing Trustee 
thanked Dr Vinod Tare for taking time and coming 
to Coimbatore to help us understand the process 
for sewage treatment and also requested him to 
help in installing a Decentralised STP in this part 
of the country.

Data about the sewage flow in the specified sewage channels taken on 13th February 2024, 
in Coimbatore:

S.No. Name of the Channel Co-ordinates flow in 
(litres/hr)

flow in 
(litres/day) MLD

1. Periakulam inlet (North) 10.591169, 76.571327 389790 9354960 9.35
2. Sewage stream near Fun Mall 11.12359, 77.03706 703764 16890336 16.89
3. Sewage stream near Airport 11.21970, 77.23544 631843.5 15164244 15.16

 








