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Getting the most out of a 
mechanical seal is directly 
proportional to the quality of 

the environment in which it operates. 
In nearly every application, the key to 
mechanical seal longevity and extended 
mean time between failure (MTBF) 
is understanding the needs of the 
mechanical seal and how it should be 
supported. Although every application 
is unique in its mechanical sealing 
requirements, vertical pump applications 
present a specific set of challenges.

When determining the best piping 
plan(s) to support a mechanical seal, it 

is important to first understand how 
different types of pumps may affect the 
seal chamber pressure. For example, 
the seal chamber pressure on a vertical 
overhung pump (OH3) is going to depend 
on specific impeller features. Whereas for 
a vertical sump pump (VS5), because the 
discharge piping is run outside of  
the shaft column, the seal chamber 
pressure will be very close to  
atmospheric pressure. This article  
focuses on three unique pump categories: 
vertical turbine and wet pit pumps, 
vertical sump and slurry pumps and 
vertical overhung pumps.

Vertical Turbine & Wet Pit Pumps 
(VS1, VS2, VS3, VS6 & VS7)
The mechanical seal in a vertical turbine 
or wet pit pump is located in the shaft 
column above the mounting plate of 
the pump. Process fluid is brought up 
through the shaft column and exits the 
pump from the discharge nozzle. 

Because of this, the seal chamber 
pressure will be equivalent to the 
discharge pressure of the pump. The 
mechanical seal will need to be properly 
vented to prevent vapor lock, so the flush 
port should be as high as possible axially 
(above the seal faces). 

Determine the Best Piping Plan for Supporting 
Mechanical Seals in Vertical Pumps 
Understand how different pump types impact seal chamber pressure.
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Figure 1 (left). Wet pit pump cross section;  Figure 2 (middle). Vertical sump pump cross section;  Figure 3 (right). Vertical overhung pump cross 
section (Images courtesy of Flowserve)
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The most common piping plan 
selected for these kinds of pumps is an 
American Petroleum Institute (API) Plan 
13, which needs to be sized to provide 
adequate flush flow over the seal faces 
to keep them cool and lubricated. The 
primary advantage of API Plan 13 in 
this arrangement is that it allows for 
continuous venting of the process fluid 
to avoid accumulating vapor in the seal 
chamber and vapor-locking the seal.

The axial positions of the flush ports 
become important when operating a 
vertical mechanical seal. To promote 
the best possible venting scenario, the 
flush-out (FO) ports should be located 
as far outboard as possible, above the 
seal faces. In contrast, for any vertically 
oriented seal, the flush-in (FI) ports 
should be below the FO ports. If 
possible, flush porting in the mechanical 
seal should be tangential to promote 
ease of flow throughout the seal.

API Plan 13 can be used to remove 
solids from the seal chamber as well. 
If there are solids in the process 
fluid, it is advised to use API Plan 13 
in conjunction with a bleed bushing 
(usually supplied by the pump 
manufacturer) and include API Plan 32 
for proper seal chamber flushing. 

Vertical Sump & Slurry Pumps 
(VS4 & VS5)
Vertical sump and slurry pumps differ 
from vertical turbine pumps in that the 
process fluid is not discharged through 
the shaft column. A separate run of 
piping is connected to the discharge 
nozzle so that the process fluid is 
discharged outside the shaft column to  
a separate location.
    This leaves the majority of the shaft 
column empty (filled with air or vapor) 
and at atmospheric pressure. Since this 
is the case, the mechanical seal is only 
required to keep unwanted vapors from 
leaking into the atmosphere. Depending 
on the piping plan selected, a gas or 
liquid barrier fluid system can be used to 
accomplish this. 

API Plans 53, 54 and 74 provide a 
pressurized barrier fluid (liquid barrier 
for Plan 53 and 54, gas barrier fluid for 
Plan 74) into the seal in order to contain 
the process fluid from leaking into the 
atmosphere. This can be most critical 
when sealing a vertical sump or slurry 
pump where vapor can accumulate in the 
shaft column. If a pressurized barrier 
system is selected for a vertical sump 
or slurry pump, it is crucial to ensure 
that a drain port is available in the shaft 
column. If the drain port is not present, 
the shaft column could fill with fluid and 
overpressurize the seal.

Vertical Overhung Pumps  
(OH3, OH4 & OH5)
In a vertical overhung pump, the 
mechanical seal is right above the back 
of the impeller, much like in a horizontal 
overhung pump. Since this is the case, 
the features in the impeller will have a 
significant impact on the pressure acting 
in the seal chamber. Wear rings facilitate 
close-clearance interaction between 
the impeller and the pump casing in 
order to keep fluid at discharge from 
recirculating back to suction. They also 
reduce the axial loading on the impeller 
by decreasing the differential pressure 
between the front of the impeller 
and the seal chamber. Depending on 
the features of the impeller, the seal 
chamber pressure would be between 
suction and discharge pressure for 
vertical overhung pumps.

Balance holes are holes in the impeller 
that allow for high pressure behind the 
impeller (and in the seal chamber) to 
pass through the impeller into suction. 
This also reduces the axial loading on 
the impeller and brings the seal chamber 
pressure close to suction pressure.

Throat bushings are between the back 
of the impeller and the throat of the seal 
chamber and are used to build pressure 
in the seal chamber, isolate process fluid 
from flush fluid in the seal chamber or 
to act as a journal bearing to help center 
the shaft before entering into the seal 
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chamber. Depending on its length 
and clearance over the shaft, throat 
bushings will have an effect on the 
pressure acting on the mechanical 
seal and will need to be considered 
when selecting a piping plan.

The most common piping plans 
for vertical overhung pumps are API 
Plan 13, 14 and 32. Each of these 
piping plans provide a flush flow 
over the mechanical seal faces to 
keep them cool and lubricated. 

API Plan 13 brings the flush fluid 
from the seal chamber back into 
suction. This can be used to help 
lower the seal chamber pressure, 
assuming the seal chamber pressure 
is greater than suction pressure. 

API Plan 14 uses the differential 
pressure between suction and 
discharge to produce continuous 
venting and a constant flow through 
the seal chamber. Vertical overhung 
pumps use an API Plan 14 to 
increase the pressure in the seal 
chamber if vapor pressure margin 
is an issue, while simultaneously 
achieving continuous venting and 
flush flow. This can prevent long dry 
running at start-up in some cases. 

API Plan 32 brings cool, clean 
flush fluid into the seal chamber 
from an external pressure source. At 
a minimum, API Plan 32 should be 
used to fill the seal chamber before 
starting up the pump when needed. 
An additional vent port would 
also be added to the mechanical 
seal to vent the seal chamber. If 
used to remove solids from the 

seal chamber, it is recommended 
that a bleed bushing be used in 
conjunction with the API Plan 32.

In order to best support a 
mechanical seal in a vertical pump, 
it is important to consider how the 
pump equipment can affect the seal 
chamber pressure so that the proper 
piping plan can be selected. 

And if properly supported, a 
mechanical seal will have its best 
chance at operating in a reliable and 
effective manner. 

Next Month: Testing standard for 
quarter turn valves

We invite your 
suggestions for 
article topics  
as well as  
questions on sealing 

issues so we can better respond to the needs of 
the industry. Please direct your suggestions and 
questions to sealingsensequestions@fluidsealing.
com.
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Consider how pump equipment can affect 
seal chamber pressure so the proper piping 

plan can be selected. If properly supported, a 
mechanical seal will have its best chance at 
operating in a reliable and effective manner. 

Garrett Marsala is an applied 
technical solutions engineer for 
Flowserve and has been working 
with customers within the flow  
industry since 2012. He holds 
a bachelor’s degree 
in mechanical 
engineering from 
the University 
of California, 
Riverside.


