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Pump Sump and Intake Design for Vertical Pumps

Definitions:

A sump is a pit or tank which receives and temporarily stores the fluid at the lowest point of 
the system. The intake is the pump structure that guides the water to the pump suction from a 
sump inlet chamber, canal, river, open body of water, etc. Its function is to distribute the flow 
evenly to the suction side of the pump.
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Sump Design Guidelines

Policy

The design of pump sump and pump intake is a compromise between the structural constraints and the 
hydraulic requirements. The design is usually dictated by various physical and economical factors 
determined by the customer. It is beyond the scope of this site to design sumps and intakes without scale 
model tests conducted by a professional. Therefore, this site should be used for educational purposes 
only.

The object of these design guidelines is for informational purposes only. This site 
is designed to help the user understand sump configuration and dimensions. We 
cannot guarantee any sump design or sump configuration based on this material.

Recommended Minimum Requirements:

1. Approach velocity (Vs) and flow patterns are two of the most important characteristics required by 
the sump designer. An approach velocity of one foot per second, with a maximum of two feet per 
second, and with evenly distributed flows to the pump suction, without turbulence, is required. 
Unsatisfactory sump configurations should utilize Vs of one half foot per second or less. (Note that Vs is 
different than suction bell velocity Vd)
2. The clearance to the back wall (B) of the sump should be equal to 0.75 of the bell diameter (D) to the 
center line of the pump with a range of 0.6D to 1.0D. The back wall clearance affects submergence 
requirements.
3. The suction bell to bottom clearance (C) should be equal to 0.5D, with a range of 0.25 to 1.0D. This 
clearance affects pump head, efficiency, and submergence requirements. Excessive bottom clearances 
can lead to dead zones where remaining liquids are not pumped. 
4. Submergence (S), should equal two bell diameters with a range of 1.5 to 3 times the bell diameter 
based on approach flow velocity and uniformity. Submergence must be equal or more than NPSHR. 
Surface vortex formations are generally reduced with increased submergence of the pump suction.
5. The sump inlet cell width (W) should equal two bell diameters with a range of 1.5 to 2.5 times the bell 
diameter.

All of the above recommended minimum requirements rely on a reasonable uniform velocity distribution 
in the sump bay immediately upstream from the pump. Failure to achieve this uniform velocity distribution 
could result in occurrences of adverse flow phenomena.
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Sources of Offending Hydraulic Phenomena

The goal is to achieve uniform, steady, single phase approach flow with no turns or obstructions and areas of 
stagnation. When these conditions do not exist the following phenomena occur (see fig. below):

-Asymmetric and fluctuating flow velocity profile with large scale turbulence
-Free surface vortex formation
-Submerged vortex formation
-Pre-rotation of flow approaching the pump impeller

4

4



Page 1 of 

  

5

The predominant factors governing flow conditions in sumps are momentum of incoming flow 
and gravitational forces. Resulting eddies and vortices are the outcome of differential shear 
and viscous forces in the water. Click here for (Vortex Class Types) or visit the Hydraulic
Institute for definitions of vortex class types

The effect of vortex formation on pump operations is associated with free surface vortices 
causing aerated flow, air ingestion and rumbling noises and submerged or free surface 
vortices imposing load fluctuations on impeller blades. As result, the pump experiences 
vibrations, rough running, cavitation, damage and erosion to the impeller and bowl, 
accelerated bearing wear and other undesirable effects.

In general, large pumps are more sensitive to these phenomena than smaller pumps, while 
axial flow pumps (high specific speed) are more sensitive than radial flow pumps (low 
specific speed).
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Unitized vs. Open Sump

When multiple pumps are installed in a single intake structure, a dividing wall should be placed 
between the pumps to provide each pump its own approach channel. Open sumps are 
susceptible to cross currents and non-uniform approach flow patterns. Open sumps, with no 
dividing walls, have been used with varying levels of success but are not recommended. See 
the following figures of open and unitized sumps and the flow patterns associated with partial 
pump operation.

A cross flow is present when a pump station is withdrawing flow from a river or the bank of a 
canal. Rectangular or round piers can help to improve the flow profile. Trashracks when 
required could also be effective but must be flush with the contour of the stream bank. 
Screens, such as a traveling screen type, placed too close to the pump suction can create 
instability near the pump if other measures aren’t taken to reduce the effect.
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Sump Geometry and 
Its Effect

 

Minimum sump lengths

a/A L/D Comments

1.0 4 Full width band screen with no 
obstructions 

0.8 6 As above, some obstruction (see Figure A)

0.5 10 Typical UK band screen (see Figure B)

less than 0.5 - Baffles needed
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Flow Correction Devices and Desired Sump Features

Modifications can be made to intake structures to provide a high level of certainty that vortices are not 
going to form and to allow the intake structures to operate at lower depths of submergence. The 
following examples show some effective flow correction devices: 

-Guide vanes improve flow in wide angle diffusers. 

-Curtain (inlet) walls create a shear plane that is perpendicular to the axis of rotation of surface vortices 
and prevent the vortices from continuing into the inlet. Curtain walls placed at 45 degrees from the 
vertical will reduce the effect caused by an abrupt change in the direction of flow with vertical curtain 
walls and will further assist in spreading poorly distributed flow. 

-The geometry of hydraulic boundaries in the immediate vicinity of the pump bell is one of the most 
critical aspects of successful intake structure design. It is in this area that the most complicated flow 
patterns exist and where flow must make the most changes in direction while maintaining a constant 
acceleration into the pump bell. This prevents local flow separation, turbulence, and submerged vortex 
formation. Pump bell clearances from the floor and walls are a part of the design. The following items are 
recommended to assure continuous acceleration of flow: 

-Flow splitters or cones attached to the floor and centered beneath the pump bell. Flow splitters 
extended as vertical vanes behind the pump could be even more effective in some cases.

-Horizontal fillets in the corners of the sump between the floor and backwall and between the floor 
and the sidewalls.

-Vertical fillets in the corners between the sidewalls and backwalls.

-Other devices have been used with varying degrees of success such as cruciform vanes located 
beneath the pump, horizontal grids located between the floor and pump suction bell, vertical grids 
in front of the pump, baffle plates, deflector vanes, suction elbows with guide vanes and formed 
suction inlets, floating balls etc.
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Other Common Flow Correction Devices

1. Vortex suppressor: Wire mesh stabilizes the boundry of the flow passing through it before entering the 
pump suction. Vortex suppressors are attach to the pump suction. This is applicable to pumps installed in 
a barrel or any other type of sump configuration. 

2. Stilling well: Anti-vortex device of various types. For example - attached to sump floor, attached to 
sump wall. 

3. Vortex plate (umbrella): Reduces the probability that vortices will form. There are several types 
including round, square, with or without holes, attached to pump, attached to sump floor. The size or 
diameter should equal 1.5 to 2.5 pump bell diameter. 
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Vortex Suppressor

Pumps of the "barrel" or "can" design are widely used to move water, oil, hydrocarbons and other liquids 
in applications where floor space is limited. These pumps have on occasion presented field problems 
such as objectionable noise, vibration and impaired inlet flow or hydraulic instability, due to vortexing and 
poor flow distribution within the barrel.

Vortexing results in a pulsating-flow disturbance, which registers on the pressure gauge. Noise and 
vibration coincide with gauge fluctuations. Cavitation and damage to the pump, with a corresponding loss 
of efficiency results. Thrust bearings can be damaged by the alternating load.

Tests have been conducted on typical field installations so that these conditions could be studied. For 
visual observations, viewing ports were provided in the approach sections and a full range plastic barrel 
replaced the normal steel barrel.

Performance tests of the pump were run over the complete capacity range. As in the field jobs, 
fluctuations of the pressure gauge coincided with the noise and vibrations. Viewed through the plastic 
section, it was quite apparent that violent and noisy vortex systems and poor flow patterns passed 
transversely across the pump's entrance bell. Normal axial flow was momentarily disrupted with each 
occurrence of a vortex. The disruptions registered as gauge fluctuations. The performance graph shows 
this as a "break-off" similar to that caused by cavitation. (Figure 1)

To confirm these findings the tests were conducted using each of the various barrel shapes in conjunction 
with the different devices for flow control. Virtually no improvement was noted for any of the barrel 
shapes or geometric configurations contrived and tested. Figures 2 through 5 show flow patterns for 
barrels with flat and "dished" bottoms, barrels with a flow cone and guide vanes at the entrance to pump 
bell as well as to the barrel inlet. Flow lines sometimes changed directions, but cross-flow vortices and 
noise persisted.

From these observations it seemed reasonable to try to control the flow by some form of a grid system 
using the principle of boundary-layer and separation phenomena. Figure 6 illustrates the approaching 
multi-directional, concentrated high-velocity flow as it impinges on the bars of the grid system where 
there is an interchange of flow potential and a modest increase in velocity. The dissipation or re-alignment 
of the energy fields results in a flow more uniform in direction and velocity magnitude. The size of the bar 
and the mesh were varied to find an optimum for minimum entrance loss and maximum stability of flow.

The device is called a vortex suppressor according to its function. The use of the device on the pump's 
suction bell (Figure 7) resulted in vortex-free, quiet and steady performance, which has been confirmed 
by many field applications. Recommendations for the various prototypes must maintain the model 
geometry.

Without the vortex suppressor, the disturbances were present whether the barrel was long or short, 
within practical limits, or whether the barrel inlet was above or below the pump bell. The full range of 



 

head-capacity within the cavitation limits of the impeller is assured through the use of the vortex 
suppressor.

The divice also has broader use. Some types of flow disturbances in pumps and upstream of flow-
measuring devices such as venturis or weirs can be corrected by forms of the vortex suppressors.
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Vortex Suppressor (con't.)
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Stilling Well
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Sump Model Testing

Usually, model sump test are ran at equal Froude numbers where 

 
where V- velocity

subscript m- model subscript p- prototype

In this case, test velocities are smaller than at the actual installation. The tests don’t lead to 
quantitative predictions, they give qualitative answers. 

Supplement 3 lists hydraulic laboratories that can perform model tests. 

Actual Model Tests

See the following figures 

L- linear dimension 
K- size factor between model and prototype
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Minimum Submergences vs. Suction Bell Velocity for Onset of 
Vortices

44

Surface vortex types:

bubbles reaching the pump
suction

reaching pump suction but not a continuos vortex core 
formed. May have some effect on pump on pump 
performance.
Type III- Start to break suction. Affects
pump performance

Type I- Inception of vortices with some

Type II- Measurable amount of air 
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VERTICAL TURBINE PUMPS

POLICY ON SUMP DESIGN RECOMMENDATION

WITHOUT ANY GUARANTEE, ASSUMED OR IMPLIED, STERLING PEERLESS PUMP WILL 
COMMENT, WITHOUT CHARGE, ON PROPOSED OR EXISTING SUMP DESIGNS. THESE 
COMMENTS WILL BE BASED ON ADEQUATE CUSTOMER FURNISHED DATA, AND WILL 
REFLECT PEERLESS PUMP’S EXPERIENCE AND JUDGMENT, AS WELL AS INFORMATION 
FROM OTHER QUALIFIED SOURCES. 

PEERLESS PUMP WILL NOT GUARANTEE ANYFONT CLASS SUMP DESIGN OR SUMP 
CONFIGURATION. WHERE DETAILED SCALE MODEL TESTS ARE CONDUCTED IN 
STERLING PEERLESS PUMP’S HYDRAULIC LABORATORY, A SOUND BASIS FOR FULL-
SCALE SUMP PERFORMANCE PREDICTION IS AVAILABLE TO THE CUSTOMER. 

PEERLESS PUMP CAN COMMENT ON HYDRAULIC DESIGNS ONLY. NO COMMENT ON 
STRUCTURAL DESIGN WILL BE MADE. 
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Hydraulic laboratories that can make a preliminary evaluation or perform a model test of a 
vertical pump sump: 

14715 NE 95th St. #200
Redmond, WA 98052
206/ 881-7700

30 Shrewsbury St.
Holden, MA 01520
617/ 829-4323

3334 Victor Ct.
Santa Clara, CA 95054 
408/ 988-1027 

1186 Pipeline Road
Port Coquitlam, B. C.
Canada V3B 451
604/ 464-7277

1. ENSR Laboratory

2. Alden Research Laboratory

3. Hydro Research Science

4. Western Canada Hydraulic Laboratories
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CAN DESIGN GUIDELINES, VERTICAL PUMPS

Vertical pumps used for booster service are usually installed in a can (barrel). By definition, the can is a 
receptacle for conveying the liquid to the pump. Because the whole bowL assembly is included in the can, as 
shown in figure 1 below, the bowls are subjected to the difference of the bowl (inside) and suction (outside) 
pressures. The can is subjected to the suction pressure. The pump discharge head is sealed to atmosphere 
but is should be provided with valve for air release. 

There are many possible design configurations. Most of the time the pump is designed to suit the job pipe 
arrangement. See the following pages with figures 2 to 6 of typical vertical pump design configurations. 

This site shows some of these configurations in more details including a pump parts list and overall pump and 
can dimensions. 

Figure 7 shows multiple can installation. Figures 8 and 9 show a submersible motor in a can installation. 

*Can or barrel is used alternatively by Hydraulic Institute
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DESIGN PARAMETERS

There are number of factors that can influence the can design. However, there are some 
general design guidelines for successful installation which should be utilized when possible.

-Flow velocity:
Can inside diameter should be selected so the annular velocity in the area between the bowl 
assembly outside diameter and the can inside diameter does not exceed 4 to 5 ft/sec. See the 
following Velocity vs. GPM graph, figure 10, for typical can designs. Liquids containing solids 
require 3 ft/sec minimum velocity.

-Diameter:
Approximately 1.2 to 1.5 bowl or suction bell (case) diameter, whichever is larger. Can 
diameter is selected in conjunction with flow velocity above. -Length:
The length of the can is defined by the length of the pump assembly and NPSH required.

-Hydraulic losses:
The hydraulic losses (Hc) between the can inlet flange and pump suction bell can occur. In 
case the can size or pump is different than those represented on a hydraulic curve, the 
following approximate formula can be used:

Hc = (K)(V squared)/2g where, 

K = 3.5
V squared = annular velocity in can, ft/sec
g = 32.17 ft/sec

These losses will affect not only a pump’s head but also NPSH available at the impeller eye. In 
critical NPSH applications V squared should be less than 3 ft/sec.

-Location of pump suction bell opening with reference to can suction pipe inlet:
A minimum distance of 2 to 3 can diameters from can suction pipe inlet center line to pump 
suction bell.

-Distance of pump suction bell to bottom of can:
0.7 to 1.0 bell diameters. It is recommended for all hydro-line pumps to have a vortex 
suppressor. In this case, the distance should be adjusted, if needed, to accommodate the 
vortex suppressor. The distance between the vortex suppressor and the bottom of the can 
should be approximately 0.125 bell diameters. In general, a vortex suppressor would improve 
any pump installation intake flow conditions.

56



Page 1 of 

 

57

57



Page 1 of 

 

58

58



Page 1 of 

 

59

59




