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Abstract - Centrifugal pumps have become very popular because of the recent development in high speed electric motors, 
steam turbines etc. The centrifugal pumps are used for various applications like boiler feed pump or booster feed pump in 
energy generation industry, injection or pipeline or process pumps in oil & chemical industry, irrigation or drainage pumps 
in water industry, marine pumps and pumps for paper industry. API stands for American Petroleum Institute, which is an 
autonomous body, constituting members from pump industry, consultants, technological licensors and buyers like Shell, 
Chevron etc. The aim of API body is to improve the MTBF (Mean Time between Failures), which involves improvements in 
designs of pumps by incorporating changes in various parts of the pump. 
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I. INTRODUCTION 

 

A centrifugal pump is a pump which consists of 

rotating blades called vanes. These set of rotating 

vanes is called an impeller which is the most integral 

part of any pump. These vanes are enclosed in a 
housing called as casing. The impeller rotates due to 

the rotation of the impeller shaft and the fluid which 

is to be pressurised moves from the inner radius of 

impeller to the outer radius of the impeller which 

creates suction at the eye of the impeller. This suction 

helps in lifting liquid from the sump to the pump. The 

kinetic energy of the liquid coming out of the 

impeller is harnessed by creating a resistance to the 

flow of the high velocity fluid coming out from the 

tip of the impellers. These resistances can be 

provided by pump volute or by the discharge nozzle. 

The pump volute catches the liquid and slows it 

down, and in the discharge nozzle, liquid is further 

decelerated and the velocity of liquid is converted to 

pressure according to the Bernoulli’s Principle. 
 

The American Petroleum Institute (API) is a national 

trade association which represents all of the oil and 

natural gas industry. It may include large companies, 

as well as exploration and production, refining, 

marketing, pipeline, and marine businesses, and 

service and supply firms. 

The American Petroleum Institute first began its work 

in World War I, when the Congress and the domestic 
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oil and natural gas industry worked together to help 

the war effort. At the time, the industry included the 
companies that were almost new in those times and 

the "independents."  “Independents” were companies 

that were independent of Standard Oil. They had no 

experience working together, but they all still agreed 

to work with the government to ensure that the petrol 

was supplied to the armed forces in time of the need. 

 

II. PRINCIPLE FEATURES OF CENTRIFUGAL 

PUMP IN CERTAIN APPLICATION AREAS 

 

1. Energy Generation Sector 

a) Boiler Feed Pump: - Boiler Feed Pump or 
otherwise called as BFP, is a type of pump, mostly 

centrifugal pump. It is used to pump feed water to the 

boiler or steam generator. This feed can be a fresh 

supply of water or the returning condensate which is 

extracted from the condenser of the plant. 

b) Booster Feed Pump: - This pump is installed 

before the boiler feed pump to ensure that there is 

necessary suction head available for the BFP that is, a 

greater NPSHA for BFP. It is done to prevent BFP to 

undergo cavitations when running in any range. 

 

2. Oil Industry 

a) Injection Pump: - It is also called as a high 

pressure injection pumps. Nowadays, so many of the 

oilfields are being exploited due to which pressure is 

dropping a lot in the borehole of the oil fields. These 

pumps pump the water under the oil bearing 

formation to boost the yield that means to increase 

the pressure and thereby continue the production. The 

water acts as a void replacement and also to sweep or 

displace oil from reservoir and move it upwards 

towards the well. In general, only 30% oil can be 

extracted but after the injection pump process, this 
percentage increases by a great amount. 

b) Pipeline Pump: - They are used to pump a variety 

of substances over long distances. These substances 

can be crude oil, natural gas, petroleum, etc. The 

delivery heads of these pumps usually range from 

400-1000 meters. Long pipelines generally create 

problems of line resistances which are needed to be 

overcome and are mostly done by arranging these 

pumps in series. The parameters for deciding the 

spacing of these pumps in series are the length of 

pipelines, the type of oil being transported, capacity 
requirements and the topography of the land. 

c) Process Pumps: - These types of pumps are 

generally employed in process engineering for the 

highest operating pressure and temperature from -100 

deg C to 400 deg C. They are used in petroleum, 

petrochemical, and natural gas applications and 

comply with unique standards because of the need to 

operate with the extremely high differential pressures, 

volatile chemicals, high flow rates, and high 

temperatures experienced in refineries, processing 

plants, offshore drilling platforms, onshore oil 

production facilities, chemical and gas processing 

plants, and power stations. 
 

 
Fig. 2 

 

3. Water Industry 

a) Drinking Water Supply: - A water system needs to 

move the water produced from the source to its 

customers. These kinds of pumps are selected on 

basis of systems requirements, discharge pressure 

required, flow capacity required and availability of 

space. This pumping equipment is used to generate 

the pressure for raising the water to the higher 

elevation. Generally, river water pumping station has 

a maximum NPSHA of 13 meter, while a lake water 
pumping station has a maximum NPSHA of 17 

meter. 

b) Irrigation Pumps: - Irrigation is an artificial 

method of watering the land for agricultural and 

ground purposes; therefore they are used to transport 

water from a source to the area of dry land. They are 

used in many areas like maintenance of lawns, crops 

in a farm and just for watering the fields. They are 

mostly centrifugal in design because of their ability 

handle water at various pressure and temperature 

ranges. These pumps are used to pump water from a 
lower to such a level that it can be sprayed on fields 

via sprinklers.  

 
Fig. 3 

 

c) Drainage Pumps: - These pumps are used to 

convey rainwater from low lying areas to rivers after 

heavy showers or for pumping water and dirty water 

mixed with light abrasives. They are mostly 

submersible pumps. They are used when draining 

can’t be done by gravity. As the water level rises in 
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the source area, the pumps are started automatically. 

The delivery heads are usually small for these pumps. 
4) Various industries related pumps 

a) Pumps for Paper Industry: - The prime material in 

the making of paper is wood. In paper production, 

fibrous materials are dissolved and then fillers and 

auxiliary constituents are added to it. Pulp pumping 

refers to the transportation of pulp sensations of 

various densities and types by centrifugal pumps. 

After the bleaching process of the media, it is then 

purified and thickened to the higher cone so that’s 

why mostly pumps with wide passages are used. 

These pumps must deliver virtually without any 

pulsation or else there would b varying thickness in 
papers. 

b) Marine Pumps: - Ships consists of various types of 

fluids moving inside different machinery and system 

for purpose of cooling, heating, lubrication and as 

fuels. These pumps which handle the different type of 

liquids are driven by the ships power supply or are 

attached to the machinery itself. All the systems on 

ships require proper operational and compatible pump 

and pumping system so that ship can run on its 

voyage smoothly. 

 
Fig. 4 

 

III. CURRENT WORK 

 

Changes in API Related Centrifugal Pumps in last few years 

 

PARTS DESCRIPTION FIGURES 

Casing 

Design 
Pressure 

In 5th edition, design was for maximum discharge 
pressure. In 6th edition additional to above change, 

extra allowances for increase in head and speed. In 7th 
edition, no specific changes from before. In 8th edition, 

design for at least 600psi. In 9th and 10th edition, no 
changes from before. 

 
Fig. 5 

Casing Joints 
In 5th edition, joints were externally joined gaskets In 

pumps from 6th-10th edition; joints were metal to metal 
joined with compression gasket. 

Casing Vents 

In the 5th and 6th edition, vent needed if pump is not 
self-venting. In the 7th and 8th edition, need for venting 

was based on capability to prevent loss of prime 
during the pump starting. In the 9th and 10th edition, no 

specific change from previous editions. 

Casing 
Mountings 

In 5th and 6th edition, if fluid temperature exceeds 
350deg C, then centerline mounting used. In 7th 

edition, additional to above change mounting should 
also be sufficiently rigid to minimize end shaft 

displacements. In 8th edition, centerline mounting also 
used for horizontal OH pumps. In 9th and 10th edition, 

foot mounting can be used in temperature below 

300deg C.  
Fig. 6 
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Type of 
Bolting 

In the 5th edition, there were no specific rules about 
type of bolting used. In the 6th and 7th edition, stud and 
nut type were preferred over screw bolting. In the 8th 
edition, stud and nut were integral and were required 
in the pump. In the 9th and 10th edition, no changes 

from previous editions. 
 

Fig. 7 

Shaft 
Concentricity 

In the 5th edition, the shaft was machined and 
assembled for concentric rotation and the TIR limits 
were not specified. From 6th to 10th edition, the limit 

was made to be 0.001 inch TIR. 

 
Fig. 8 

Shaft 

Deflection 

From 5th to 7th edition, the shaft was sized to limit 
deflection to maximum of 0.002 inch at face of 

stuffing box. In the 8th edition, the limit was changed 

to maximum of 0.002 inch at face of primary 
mechanical seal. In 9th and 10th, there were changes 

from previous editions. 

Shaft 
Stiffness 

It was not talked about till 10th edition, but from 11th 
edition things changed. Shaft flexibility index or Isf= 

L^3/D^4. Smaller pumps generally have this ratio 
higher than larger pumps. As long as pump stays 

below the line of shaft stiffness, the pump would be 
following an industry practice but if the pump is 
exceeding the line by 20%, then the customer is 

allowed to seek justification from the pump 
manufacture regarding the pumps design. If the pump 
is designed properly according to the ratio, then the 
MTBR (Mean Time between Repairs) is increased 

from 2 years to nearly 4 years. 

Mechanical 
Seals 

In 5th edition, mechanical seal was a purchaser option. 

For 6th edition, mechanical seals became necessity. In 
7th edition, fixed throttle bushing required on single 
and double seals. In 8th edition, cartridge mechanical 

seal required. Default seals to be according to API682. 
Cartridge Seal to meet API610, if non-API pump 

selected. In 9th and 10th edition, all mechanical seal 
arrangements according to API682. 

 
Fig. 9 

Operating 
Point on a 

Curve 

In the 5thedition, nothing specific was given, but for 

pumps which were based on 6th and 7thedition, the 
condition was that the BEP of the pump should be 

between the rated point and the normal point. In the 
8th edition, the Preferred Operating Region came to be 

as 70 to 120% of BEP.  For the pumps based on the 
9th and 10th edition, there were no specific changes 

from the precious edition. 
 

Fig. 10  

Critical 
Speed 

In the 5th edition, the critical speeds would be 10% 
greater than that of the operating speed. In the 6th and 

7th edition pumps, the critical speed would be 20% 
greater than that of the operating speed. In the 8th 
edition pumps, the same condition as in previous 

edition was used that is critical speed was 20% greater 
than the operating speed. For the 9th and 10th edition, 

there was no specific change from the previous 

 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 6, Issue-7, Jul.-2018, http://iraj.in 

Centrifugal Pumps Application Areas and Changes Made in API Related Centrifugal Pump 

 

79 

edition. 

Thrust 
Bearings 

For the 5th edition, antifriction thrust type bearings 
were not specified, and as for 6th edition, duplex 

angular contact thrust bearings with light preload were 
required. For the 7th and 8th edition, the same duplex 
angular contact thrust bearings were required but the 
preload was determined by the pump manufacturer to 

suit the service requirements. In the 9th and 10th 
edition, there were no changes from the previous 

editions. 

 
Fig.11 

Bearing 
Housings 

There was nothing issued regarding this parameter in 
the 5th edition. In the 6thedition, steel was required for 
flammable or toxic fluids for inboard bearing housings 
with semi-circular mounting flanges. In the 7th edition, 

steel was required for flammable or toxic services 
regardless of the geometry of the housings and in 
8thedition an additional feature that was used was, 

dimples, which were required for consistent vibration 

measurement. For the 9th and 10thedition, no changes 
from the previous edition. 

Oil 
Temperature 

on Test 

There were no requirements related to this parameter 
till the 7th edition, but from 8th edition oil sump 

temperature required to rise on test at most to 70degF 
for ring oil systems and50degF for pressurized lube 

systems. For the 9th and 10thedition pumps there were 
no changes from the previous edition. 

 

Vibration on 
Test 

In the 5thedition, vibration was recorded at various 
capacities and in the 6th edition; same as 5thbut with 
vibration at minimum flow would be the purchaser’s 
option. In the 7th edition, vibration was noted at rated 
flow and any other flow mentioned by the purchaser. 
In the 8thedition, Data was taken at all points except 
shut-off: Unfiltered vibration velocity both RMS and 

true peak. In the 9thand 10th edition unfiltered vibration 
was measured in RMS only and measurement in true 

peak velocity was no longer required. 

 

Rotor 
Balancing 

No mention in the 5th and 6th edition regarding this but 

in the 7th edition multistage pump rotor balance was 
made to be 4W/N regardless of operating speed. Stack 

balance and residual unbalance check was required 
only when specified. In the 8thedition multistage rotors 
were to be two planes balanced, for pumps with8W/N 
ratio, the pump speed would be below 3800 RPM and 
for pumps with4W/N ratio and the pump speed would 
be above 3800 RPM. Stack balance was required for 

multistage rotors and residual unbalanced check was 
required for all assembled rotors. In the 9th and 

10thedition, there were no specific changes from the 
previous edition. 

Fig. 12

 
 

CONCLUSION 

 

In conclusion, I would like to add that the 

development and up gradation is a continuous 

process, wherein the pump manufacturers and clients 

meet as API members regularly (almost every 2 

years), discuss the issues and find solutions to those 

issues which in turn lead to the increase in the MTBF 

and better efficiencies. 
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