Pumps And Piping
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FIGURE ‘85
Pump flow system.
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P.D Pumps

Piston pump

= Apply direct pressure to liguid by reciprocating piston
« Contain stationary piston or plunger to displace liquid

oPiston pump
oPlunger pump
oDiaphragm pump

Centrifugal Pumps

Rotary pumps
« The chamber movies from inlet to discharge and back to the inlet

oGear pumps
oLobe pump
oVan pump




Positive Displacement Pump

Piston Pump

« Discharge pressure up to 50 atm...

* |t's application is areas where high pressure is required... it is not
necessary that every P.D pump be of 50 atm...
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Positive Displacement Pump

Plunger Pump

+ Used to produce 1500 atm or more...
* Usually motor driven and single acting...




Positive Displacement Pump
Plunger Pump

* Used to produce 100 atm. These are employed for corrosive Ilqu:d

handling... Used for corrosive/toxic liquids. ..

MECHANICALLY DRIVEN PUMPS USE 1/3 rd.
THE ENERGY OF AIR DRIVEN "A.0.D.e.Ds"




Efficiency For P.D
Pumps

For small pumps: 40to 50 %...
For large pumps: 70 to 90%...

Efficiency independent of speed
under normal conditions.
Decrease slightly with a increase
suction pressure.

The ratio of the volume of
fluid discharge to the
volume swept by the
piston or plunger is called




Rotary Pumps

The chamber movies from inlet to discharge and back to the inlet...

Gear Pump

* Minimize leakage due to close tolerance between moving and stationary
parts...
«  Liquid must be clean, moderately viscous fluids i.e. light lubricating oil...







Rotary Pumps

Peristaltic

= Use for small flow rates and constant flow rates...
« No air leakage or possibility to air (leak proof)...

« Application

« Production of biomedical, pharmaceuticals etc...
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Rotary Pumps
Centrifugal

* Increase of mechanical energy, pressure by centrifugal force...

*  Most commonly used in the industry...
« The impellers are curved backward...

of the 92 % Damping
cenrtrifugal pump.




Rotary Pumps
Multi Stage Centrifugal Pumps

* High energy centrifugal can generate a head of 200 m only.
* Toincrease the head (>200 m), multistage centrifugal pumps is used where
multiple impeller is installed on a single shaft.




Rotary Pumps
Leak Proof Centrifugal Pumps

(Two types use which doesn’t contain any seals or stuffing boxes)

1) Canned-rotor pumps
A canned like stainless steel structure cover the rotor which keep the pumped
fluid away from the rotor.
2) Magnetic-derive pump

Impeller carries magnetic is driven by the magnetic disk on the other side of
casing walls...
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Pump Priming
» What is it?
» To remove the entrapped air inside the pump is called pump
priming
When we do it?
First start up after a long time
First start up after maintenance
First start up for a new pump
How we do it?

» [fthere is any air entrapped in the suction line, we need to
replace this air with liquid.

» Air can be displaced by liquid from any tank into the suction
line and submerge the pump impeller...

[T I S




Pump Priming

Priming of a pump is very essential step in start up of a
centrifugal pump.

Fact is that centrifugal pump are not capable of pumping air
or vapors.

Priming is the process in which the impeller of a centrifugal

ump will get fully sub merged in liquid without any air trap
Inside. This is especially required when there is a first start
up. But it is advisable to start the pump only after primping.

Liquid and slurry pumps can lose prime and this will require
the pump to be primed by adding liquid to the pump and inlet
pipes to get the pump started. Loss of "prime" is usually due
to ingestion of air into the pump. The clearances and
displacement ratios in pumps used for liquids and other more
viscous fluids cannot displace the air due to its lower density.



Pump Safety

A note about centrifugal pump is that it doesn't require a safety valve
while a P.D pump must have a safety valve because at certain pressure
C.F pump will stop producing any further pressure while the P.D pump will

continue to increase pressure with every stroke until or unless the safety
valve blows or the discharge is opened...




Characteristic Curves

+ The performance of a given pump is commonly illustrated by plots of actual
head, power consumption, and efficiency versus volumetric flow rate. These
plots are called characteristic curves.

* AH is head capacity
+ P is power of the pump
« ] is the pump efficiency

> Ideal {100%)
Theoretical, AH,
Total power, P
Actual / n “'\.
Actual
ﬂﬁ_ 1. 0 ]
q 0 q 0 q
) 1) fe)

FIGURE 8.12

Characieristic curves of a centrifugal pump: (a) head capacity: (b) power; (¢) efficiency.
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Pump Head

« From an industrial point of view pump head is very important, for every
elbow/bend in pipe you have to add in a certain no. of head usually in feet
in order to accommodate the losses... i.e. 1elbow=2feet then you'd have
to add in 2 feet for every time that elbow appears in the piping...

« So, you can see MIDDW re causing us 2 feet loss in head every

time they appear so we have to a d that in order to compensate the
losses... We also have 3 ft. loss in head due to the vertical piping, we
don’t count in horizontal piping...

+ So, Total Head = 9ft. + 12ft. + some excess feet to be safe...




 Cavitations And NPSH

» If the suction pressure is only slightly greater than the vapor
pressure some liquid may flash to vapor inside the pump a
process called as cavitations which greatly reduces the pump
capacity and causes severe erosion. If the suction pressure
is actually less than the vapor pressure there will be
vaporization in the suction line and no liquid can be drawn
into the pump.

= To avoid the cavitations the pressure at pump inlet must
exceed the vapor pressure by a certain value called as the
net positive suction head. The required value of NPSH is
about 2 to 3 m (5 to 10 ft) for small centrifugal pumps but It
increases to 15m (50 ft) are recommended for larger pumps.




« How To Choose A Pump

» Usually we choose a pump on the basis of it's head which is basically a
generic term for all the force that a pump can muster up whether it in the
form of fluid velocity, pressure or something alike... let us draw a

diagram...

Mass Flow Rate 600kg/min

Reservaoir
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So, for very basic calculations we only need to know the flow rate
(gal/min or m*3/ min) and the friction caused by the pipe from a
table, add them up and you're good to go... basically equation
would be...

Po-Ps/B(Head) = height(2-1) + Friction Losses(2-1)

This equation has two main things that need to be calculated...
Height from point 1 to point 2, in our case it is 22ft...

You also need to account for the head you're going to be losing because
of the friction and you need to accommodate that, you can calculate the
lost head due to friction by the use of tables, here you need to know the
nominal diameter of your pipe and flow rate in gal/min...... Now all you
have to do is add them up...

Po-Ps/B(Head) = 22ft + 1.88987ft = 23.88987ft

Also you ought to add a factor of 15-20 % for a commercial design to the
values of the table...

So that makes this 23.889871t...
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* Piping And Fittings

Piping Tubing

Heavy walled, relatively large diameter in Thin walled and often comes in coils several
diameter and comes in moderate lengths of hundred feet long...

20-40 ft...

Rough Walls Smoother Walls

Joined by screwed, flanged or welded fittings... | Compression, flare or solder fittings...

Made by welding, welding or piercing a billet Made by extrusion or cold drawing...
In a piecing mill...




Schedule Number

(Schedule number refers to the wall thickness of the pipe)

1.5in.
Schedule

3 in. Schedule 40 40

50, this pipe with large dia. Will have greater
thickness at same schedule no. and will sustain

pressure equivalent to small one...




* Measurement
» Pipes and tubing are specified in terms of their diameter and their wall
thickness... Iron pipe size (IPS) or Normal pipe size (NPS)...

« The designation “2 inch nickel IPS pipe” means nickel pipe having the
same outside diameter as standard 2 inch pipe...

Piping Tubing

Nominal diameters Sizing indicated by outside diameter...
1/8 till 30 inches The normal value is the actual outer

>12 inches nominal diameter = actual diameter | diameter, to within very close tolerances...

Wall thickness Wall thickness
Schedule numbers Wall thickness is given by the BWG
10,20,30,40,60,80,120,140,160 are in use... (Birmingham Wire Gauge) number ranging

But for <8 inches 40,80,120,160 are common... | from 24 (very light) to 7{very heavy)...
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Selection Of Pipe Sizes

The optimum size of pipe depends upon the...

Relative cost of investment

Power

Maintenance

Stocking pipe

Fittings

Low velocities should be favored especially in gravity
flow from overhead tanks...

Let's talk Reynolds number here (Newtonian Fluids) according to
Reynolds transition of laminar flow to the turbulent flow depends upon

diameter of the tube, average linear velocity of the fluid,
density and it's viscosity.

Usually laminar flow is <2100 while from 2100-4000 is the transition
region, >4000 is turbulent region.




TABLE 8.1
Fluid velocities in pipe

Velocity range

Fluid Type of flow ft/s m/s
Thin liquid Gravity flow 0.5-1 0.15-0.30
Pump inlet 1-3 0.3-0.9
Pump discharge 4-10 1.2-3
Process line 4-8 1.2-24
Viscous liquid Pump inlet 0.2-0.5 0.06-0.15
Pump discharge 0.5-2 0.15-0.6
Steam 30-50 9-15
Air or gas 30-100 9-30







