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Lecture 33
Application and Selection of Accumulators - Part II

Welcome to today's lecture. This is continuation of application and selection of accumulators.
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Accumulators and its Applications :

Various means are adopted to
drive the fluid from accumulators
to the main system.

Therefore, type of accumulators
are as follows:

»Weightloaded accumulators:-
can maintain constant pressure.

»Spring loaded accumulators:-
L

T
»Gas charged accumulators:-
Commonly used.

Gas charged accumulators
are again mainly three types:

1) Bladdertype,

A Fig. 8.33-1:Accumulator with Bladderinside (Cutsey- Rel.2).
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Now various means are adopted to drive the fluid from accumulators to the main system.
Therefore type of accumulators, we can put according to the how the, they are driven to the main
system. These are as follows- weight loaded accumulators. This has unique advantage that it can
maintain the constant pressure. Spring loaded accumulators, that obviously the force reduces
when the compressive spring expands. So therefore, there will be change in pressure, variation of

pressure.

Gas charged accumulators which are commonly used. In fact, weight loaded accumulators may
be the best in that point but for high-pressure, you have to use huge amount of load and the
construction of such an accumulator is difficult. And it is found that spring-loaded, although this
can be used but gas loaded is best because of the reason in some cases, you can regulate the gas
pressure from the outside although it is not normally done. Gas charged accumulators are again

mainly 3 types.



The most common you will find the bladder type. What it is? If we study this figure, then we will
find that outside this is the main casing of the accumulator. So this you can consider that this is a
steel pressure vessel. And inside that, there will be a bladder which is usually charged by gases.
Nitrogen is very common. However one can use the ordinary air also. Now if we look into the
other details, then what we find that this is a closure cap, this is just to protect the main cap

which is you can say valve cap or the total valve system.

If we remove the closure cap, then we will have a valve cap and if we remove that one, then that
is a valve. It is basically non return valve and we can insert the gas and then this is you can say
this is the valve body, this is fittings of the valve on the steel vessel, then there is a rating plate
which is by tightening which, we can make it leakproof with gasket, of course gasket is there.

Here is also a gasket.

And then, so this is for charging the gas inside. Now if you look into the bottom side, then there
you will find pressure fluid valve. So there is another valve which the oil is allowed to the main
system and then this is a vent screw. It is if there is some bleeding is necessary, then it is done
through this. Then this is a slotted round nut to fix this one and there are many other small

components to make these fittings leakproof to from the accumulator.

And this symbol of this accumulator whether it is bladder or other type, is usually given by a

symbol like this.
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Accumulators and its Applications :

2) Diaphragmtype, and 3) Piston type.
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g Fig. 8.33.3: Accumulator with
o Fig. 8.33.2:Accumulator with Diaphragm inside (Curtsey-Ret.2). Piston inaide (Curanp Rl 2
®
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Now next one is the diaphragm type. In case of earlier one, the bladder is filled with gases with a
pressure. So when the oil is required from this accumulator, then bladder expands gradually
which is having the oil was having the same pressure as the pressure inside the bladder. In this
case, instead of that bladder, we have a diaphragm. This diaphragm is fitted to this body okay?
Now the gas, pressurised gas is put or inserted in the upper portion and lower portion is filled

with oil.

Now this diaphragm is commonly will be harder than this bladder. So this is usually for volume
displacement but higher pressure. Now this is again some this closure button and this there is a
plug screw, et cetera. So what will happen? When this oil, excess oil is being pumped in to this
accumulator, then this will contract a little bit and this volume will also contract and then when
again this oil is required by the main system, this will expand and this oil will be pushed in to the

main piston.

Definitely, pressure will vary. That means, here inside the gradually the pressure of this oil will
reduce, pressure of this gas as well as this pressure of this oil will reduce when it is being
injected to the systems but it is obviously the lowest pressure here will be equal to or higher than
the pressure required by the system. And the 3rd one is the piston type. In this case we can

imagine a cylinder finished inside, bore is finished to accommodate a piston.



This piston is having no rod, then oil is being injected from this side and the gas is being gas is
charged from the other side. So this works in the same fashion but here also, this work for very
high-pressure but the displacement of the oil may not be very high or can be made high if we
make this piston longer. But we have to keep in mind this gas when it is expanding, then

gradually the pressure is decreasing.

So it is not may not be very worthy to make it very large one. But this as well can be made very

small and it can be fitted wherever required in the system.

(Refer Slide Time: 8:25)

Accumulators and its Applications : Recapitulation :

If an oil-pneumatic accumulator (Fig. 8.32-1)
is used, itis possible to store oil during the
time period (t,—14)and (f, —%,) , when
requirementis very low or zero;

andto reutilizeit during 4 and (5 —1,),
when the required flow rate is higher
than the pump capacity Q,.

The pump must be selected to have the
volumes (¥ +¥)<(¥+¥) .

Fig. 8.32-1:
1

Accumulators smoothen flow & pressure pulsation/ripple.
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Q With accumulator
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Next if you recapitulate our knowledge that the accumulator is used usually there will be a pump
of low-pressure, sorry low flow, Q1 low flow and the excess volume if it is required for the short
period it is supplied by the accumulator. So if you look into this figure, the Q1 is the pump flow,
maximum pump flow rate wherever the system may require the flow up to Q2 for a time period
T1, then T1 to T2 is the volume required is V3. And then T2 T3 is volume required is V2 and

then T3 to T4, this volume requirement is 0, this is the cycle.

Now in that case, pump, when this pump is running then for this period, oil is being injected
from the accumulator to the system in this point. If this is a fixed displacement pump then this
oil, excess oil is going to the accumulator and here again, from accumulator to system and in this

case, full volume is going into the accumulator and after the accumulator has completely filled



in, the oil in case of fixed displacement pump system, oil goes to tank via the pressure relief

valve.

Now here is one relation we must remember that V1 plus V2 must be less than equal to V3 plus
V4. That is, otherwise if the excess oil is required by the systems, we cannot supply it.
Accumulators smoothen flow and pressure pulsation or ripple. So this also we have already
studied. A system without an accumulator having the pulse like this and if you put an

accumulator, then this pulse is reduced. It is, may not be possible to eliminate the pulsation

completely.
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Accumulators and its Applications : Recapitulation (Contd...):

The accumulator can be used when pressure has to be transferred
between two incompatible fluids, hence the name TRANSFER.

Gas precharge pressure
In general purpose applications,

Precharge pressure:
e p, = 0.9,
And the limit valves are:

mmgm\m Test Vessel Po WinS025% py
Fig. 8.329: Po max > 09 p,

Method and Application Where, 7, and P, are the

Itis importantto establish if the gas minimum and maximum

during operation is subjected to operating pressure respectively.

isothermal or adiabatic conditions.
Operating temperature

Type of Liquid
Maximum required flow rate

{ S Gration
[
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Now again, if we look into the applications, then this also used for the transfer. Transfer means,
say for example this is a test vessel, this is being tested by water. So what we can do? Inside
bladder, we can put the water and this also, we can filled into water. This side, it is usually oil,
hydraulic oil and then by a reciprocating pump or actuator you can say, it is of equal rod both the
side. What we can do? We can generate a pulsating load here which is transferred through this

accumulator to this vessel and then this vessel is tested for fatigue load.

Now if we look into the gas precharge pressure, in general purpose applications, precharge
pressure is usually equal to precharge pressure is PO is equal to usually 0.9 into P1. Also the
volume of the vessel if we can estimate what is the maximum requirement from the accumulator,

then the accumulator inside volume is usually point sorry, the gas charge we do 0.9 percent of the



total volume and that means 0.9 percent, sorry 90 percent will be the volume required. We make

it and if the volume of the accumulator is 100 percent, in that way.

And the limit values are VO is minimum is 0.25, that is 25 percent of the maximum pressure
whereas PO maximum is equal to greater than equal to 0.9 of minimum system pressure. Now
method and application, it is important to establish if the gas during operation is subjected to
isothermal or adiabatic condition. So that we have to look into this. Isothermal process as you

know that if the process is occurring very quickly, then we can go for isothermal.

Or otherwise, it will be the adiabatic isentropic conditions. And then we have to calculate
accordingly. Now as well the operating temperature is important, type of liquid is also important,
maximum required flow rate that we have to look into the location where we should put that
accumulator. This type of, depending on the type of liquid, we can select what should be the

bladder material.

Usually, the outside body is steel, if it is not corrupted with the steel, this main oil, if this main
oil is cannot be used with the steel, then we can think of other material. But inside gas and oil or
whatever is flowing, the main medium of the system, looking into that, we select these materials
okay?

(Refer Slide Time: 14:39)

Accumulators and its Applications : Accu

itor Selection (Contd....

ulation Principle :
Compression and expansion of gas inside accumulator takes place according to
the Boyle-Mariotte law withregardsto the statuschangein the perfectgases.

The pressure-volume relation is expressed as:

* pY, = p¥i = pyV;
L

Where,

v, = Nitrogenvolume at pressure p, (litres)
Vz = Nitrogen volume at pressurep, (litres)
Vo = Volume of pre-charged or stored liquid (litres)
P, = Pre-charge pressure (bar)
P T o= Minimum operating pressure (bar)
P, = Maximum operating pressure (bar)
> n = Polytropic exponent
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Then compression and expansion of gas inside accumulator takes place according to the Boyle-
Marriot Law. With regards to the status change in the perfect gas. This means, we considering the
isentropic change, the pressure volume relation is expressed as POVO equal to P1V1 IS equal to
P2V2. That VO, V1 and V2, these are the volumes of the bladder okay? Now N is the this power,
N power, is equal to 1 in case of isothermal. In case of adiabatic, usually it is 1.4 or something

like that.

In between that, we can select according to the time taken, we can select this. [ am coming to that
later. Now here, this I have already explained but still V1 is the nitrogen volume at pressure, we
have assumed this gas is nitrogen. So P1 is the pressure, minimum system pressure, V2 is the
nitrogen volume at pressure P2 is the maximum pressure, system pressure, VO is the volume at
precharge or stored liquid, PO is the pressure at precharge, P1 is the minimum operating pressure,
P2 is the maximum operating pressure, et cetera. And this is the polytropic exponent, N is the

polytropic exponent.

(Refer Slide Time: 16:20)

Accumulators and its Applications :

on (Contd....

The PV diagram Fig.8.33-4 shows the “pressure-volume” relationship for
the accumulator.

The curve of volume variation as
afunction of pressure is
dependenton the exponentn,
which for nitrogen is contained
between the limit values of: n =
1, in case compression or
expansion of nitrogen takes so
V" = constant slowly thata complete

> interchange of heat is allowed
/ min working between gas and environment,
Py ssure . thatis at constant temperature.
. TR The condition is isothermal.
N - —— And,n =14,
tored volyme when operation is so quick that
Vi Vi Vo — no interchange of heat can take
Volumes place. The condition is adiabatic.
Fig. 8.33-4:
(Curtsey- Ref. 1).
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Now if we look into this normal, this very ideal, then PV diagram is usually as follows for a gas.
And you can see this is the maximum pressure, it is like that over the range and P1 is the
working pressure and PO is the minimum gas charge pressure. And this is the volume, store

volume being used for the system. This is the used volume for the system. That means when the



pressure P2, then volume, minimum volume and then V1 is the minimum pressure, that is the

maximum volume and this is the charged volume, right?

Now obviously if this is 1, N is equal to 1, this is a straight line. But this is ideally it will follow
this curve. Whatever maybe this value, we can have the curvage of this nature. The curve of
volume variation as a function of pressure is dependent on exponent N which I have explained
which for nitrogen is counting between the limit limiting values of N is equal to 1. In case of
compression or expansion or nitrogen takes so slowly that a complete interchange of heat is

allowed between the gas and environment that is at constant temperature.

So this is for the slow process. Now this condition is, we call it isothermal. Sorry, this perhaps I
told that very quick process is isothermal. It is not that. We have to this interchange time is
required. And N maximum is equal to 1.4. When operation is so quick that no interchange of heat
can take place, the condition is adiabatic okay? So if there is a very quick change, then this

condition is adiabatic but when it is a relatively slow process, then we can call it is isothermal.

(Refer Slide Time: 18:55)

Accumulators and its Applications :

lackion \
tion (Contd....

ation Principle :

However, these are theoretical
and not practical conditions.

nax working Itis however possible to state,
DIDERS with reasonable accuracy, that
when an accumulatoris used as a
volume compensator, leakage
compensator or as a

D'+ VP = consiani lubrication compensator and

pressure compensator, the
Pol |
av
slored volume

condition is isothermal.
min working

pressure e : 'y
————— Precharge In the remaining applications,

pressure such as energy accumulator,
— it pulsation damper, emergency
power source, dynamic
pressure compensator, water

Va Vi — hammer absorber, shock
Volumes b b hyd li R t
Fig. 8.33-4: (Curtsey-Rel.1). ? §or er,. yoraniic spnpg, etc.
- it is possible to state, with
Fa reasonable accuracy, that the
i condition is adiabatic.
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However, these are theoretical and not practical conditions. Then it is possible to state with
reasonable accuracy that when an accumulator is used as a volume compensator, leakage
compensator or as a lubrication compensator and the pressure compensator, the condition is

isothermal. Whereas if in the remaining application, such as energy accumulator, pulsating



damper, emergency power source, dynamic pressure compensator, water hammer absorber,

shock absorber, hydraulic spring, et cetera.

It is possible to state that with reasonable accuracy, with reasonable accuracy that the condition is

adiabatic. That means there is the very quick process is going on.

(Refer Slide Time: 19:57)

Accumulators and its Applications : Accumulator Selection (Contd....)

And Calculation Principle :

Should a more accurate calculation be
needed, itis possible to use intermediate
valuesof n as afunction of t, that is of
expansion or compression time,
according to diagram of , Fig. 8.33-5.

Note: In all calculations pressures
are expressed as absolute bar and
temperatures as Kelvin degrees.
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(Curtsey- Ref. 1).

Now should a more accurate calculation be needed, it is possible to use intermediate values of N,
that is exponent as a function of t, that is a expansion or compression time according to diagram
in figure 5. Say for example, if time taken more than 10 minutes, this is again I think with respect
to nitrogen and hydraulic oil. Then if more than 10 minutes then we can call this is isothermal
and we can take this value is 1. And if this time is 0 to 10 minutes, then depending on the time
required for the process, we can select that N. Obviously, that may this curve may be different

for different gases we are using in the system.

And if it is very quick process, only then we call it adiabatic and we take this value is 1.4. This
means, if usually, the classroom type problem or examination problem, we mean it is adiabatic.
Then we have to take 1.4. Otherwise, sometimes it is given, this curve will be given to you and
this time will be mentioned and from there, you can select what will be the power of N. In all
calculation, pressures expressed as absolute bar and temperature as Kelvin degrees. That we have

to remember.
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Accumulators and its Applications : Accumulator Selection (Contd....)

And Calculation Principle :
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Bladder type accumulators Adlabatic Change of Conditon Diaphragm type accumulators
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. 8.33-6: Accumulator Characteristics Curve for Selection (Curtsey- Ref.2). 10 |‘

Now this is for the selection while we are selecting a accumulator. So this curve is usually
supplied by the accumulator manufacturer. Say for example if we consider that V volume 1 by
volume 2 is 2.20 litre then we can have this curve and then this is the actual volume of the
accumulator. That means, if we measure the vessel volume, it is 10 litre capacity but actual
available is 2.20 litre. We are working within this range. Obviously, it may be slightly more

maybe available from this system.

And then for different, this is the for different pressure curve okay? And this is 1, 2, 3. So this is
50. And pressure is P1 to P3, that means we are working maybe from 70 to this is 140 say. Let us
assume this is 150 say 140, 70 to 140 we are working. That means within this pressure range and
within this flow range, these are the applicable area. With our calculation, all estimation will be

within this region.

And here, average volume of pressure or fluid in litre, so we can estimate how much volume will
be available for working. We will just consider a pressure range and from there, we will get it.
And here, this is also available volume on the same scale on both the sides it is written. Okay?
So in that way, we can use this graph. Now this is again, this is for bladder type accumulator and

this is for diaphragm type accumulator okay?

These lines are from diaphragm type accumulator and these lines are for bladder type

accumulator okay? And here, it is on the, curves are on N is equal to 1.4 okay? And there are



some other, say tolerances are given. So if you would like to select what should be the say
suppose our using volume is 2.2 litre we can maybe we are tempted to go for a 4 litre

accumulator but in that case, we may not have that good pressure range. That you can study this

graph separately to understand this.

(Refer Slide Time: 24:54)

Accumulators and its Applications : Application Example
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Now these are a few systems are shown. So application of accumulator and accumulator storage,
that means how the volume is being stored in accumulator for different process, that is given
over a chart here. Let us consider a system. This system is like this. That there is 3 we can

consider 2 linear pistons and one rotary pump is there and this is being run by the same system

okay?

So we put the accumulator over here. So it is like that. This nonreturn line is there because from
the accumulator, oil should never come to the pump side. That is why it is there. And then, oil
from here can directly go to the system. It is, we do not need any other valve there because
whenever the excess oil is there, 1st this will be filled, then when it is completely filled, then this

oil go through this relief valve okay?

Now what we find this operations? This is cylinder A, this is cylinder B and this is pump C and
both are having a flow control valve. This means that maybe this system is required we need

motion of this forward and backward return motion. Both are with controlled speed. That is why



control flow control valves are there and this is operated by a this is completely close centre, 4

by 3 directional valve.

And in this case, what we find it? This is this is also 4 by 3 but it is not closed centre, it is only
partially open centre. Partially open centre means in normal conditions, neutral conditions, oil
goes back to tank. And in neutral position, the pump is closed centre. That means, this pump is
always ready with pressure if it is in all are in neutral. Now what we do? Cylinder A, we are

extending. Extending means, this is going out. Then definitely, valve we will put accordingly.

That means, this side will come here to operate this one okay? Then volume required is 1.96
litre. This, wish you have used this flow control valve and this is the requirement. And it is
required is in 1 second. So 1 second means this process is 1.4 polynomial adiabatic process
almost okay? So we will consider that. And then, say this is this guideline is given to how how to

select this accumulator looking into this that chart.

Then supply from pump is 1.46, that is Q1 if you remember that. This is 1.46 litre only at that
conditions, supply from accumulator is 0.5 . So volume left in accumulator is 0.50 litre and then
supply into the accumulator is 0 at that conditions. That means to have 1.96, 1.46 from the pump
and 0.5 from the accumulator at that condition and we should find this this is the curve. Next, we

come to the cylinder A, it is retarding.

Then we need 1.19 litre for the same type 1.0 because why we need the less 0il? Because there is
a rod is there. So for the same period, definitely oil requirement would be less. In that case, 1.46
is from the pump. So volume left in accumulator is it was this much but this this is definitely
higher than this one. So excess oil is going to the accumulator. Next, we are extending B. It
requirements, 2.70 and within 0.5 time again, this is adiabatic and 0.73 litre is supplied from the

pump and 1.97 litre from the accumulator.

This might be due to the pressure requirement, this is it is taken like this. So 0 is accumulated in
the accumulator. In case of C, the motor is running. 0.50 volume requirement see and within 3
seconds, so supply from pump, 4.38 litre, supply from, this is from 0 and then this is of course
volume left in accumulator, it is unknown because 4.38 litre is being pumped. So 3.88 litre will

try to go into the accumulator.



And then, cycle B again, return of V, 1.06. And this is the chart, you can follow this chart. And
then, what is there? So total volume requirement will be there, and time etc, all and it is found
that 2.20 litre is the working volume, keeping that as working volume and 10 litres, that what we
have seen, 10 litre accumulator size is suitable. And from this graph again, this graph is
generated and then when the oil is going from the accumulator when oil is being stored in the

accumulator, this is shown in this graph.

So this means that when we are going to design a system with accumulator, we have to make
such pressure and volume history of the total cycle of the projections and then from there, we can
select a an accumulator of suitable size and to make the system more efficient, suppose if we use
a bigger accumulator here, this will be no use and performance may not be that efficient and if

we use a smaller one, definitely purpose will not be served okay?

(Refer Slide Time: 32:37)

Accumulators and its Applications : Application Example (Contd....)
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Now this is another application is shown here. In that, this is unloading valve. We have earlier
learned what is unloading. Unloading means while the system is not working, in that case we
have to unload this pump, okay? Ist of all, it can go through the relief valve but going through
this relief valve means there is a huge pressure loss. Now we can go for an open centre valve but

open centre valve is the problem is that the oil does not remain ready with working pressure.

So another option is that we can use 4 by 2 valve, that is on of on-off type valve. The changing

the directions and on-off, there is no intermediate positions. If we use this valve as well there is a



flow control valve depending on the requirements, then what we can do, we can put an
accumulator here and this is the our unloading valve. Unloading valve, how it works? Say it is

working at say let us consider the pressure is 0.2, very low pressure.

In that case, oil is flowing through this tank and also how it is flowing through the tank? Oil is
coming over here, it is coming over here but this cannot move this one because the pressure
requirement pressure is low pressure or ideal, it is not working. In that case, the oil is going
through this place and there is a differential pistons, that means, this side is very small pressure

and this side we can assume there is no pressure.

So this will move in that way and this oil is going to the tank completely. Now suppose here we
have a requirement with a pressure. In that case, what will happen? This will move, this is being
a setting pressure, of course by adjusting this one. Then piston this side will have a pressure, the
same pressure or may not be same pressure, a little lower pressure will be this way and then this
will be in a controlled position because earlier, there was a pressure, whatever may be the low

pressure, but still it was there.

In that case, we have a differential pressure with a controlled load. So this flow will reduce and
this flow will be there and when this is completely filled or maybe the excess flow is there, then
this requirement here, then this will be accumulated in the accumulator. So this is some
unloading system applications without this accumulator. Only thing this operation will be
definitely that will be done but this will not be that smooth what is available with this

accumulator.
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Accumulators and its Applications : Application Example (Contd....)
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Now another application is that we have pump with 4 by 3 tandem centre DC valve. This is a
tandem Centre means in normal conditions the oil is going to the tank. So this operation, it is
written here in a chart. Say A, B, C are the 3 positions of this valve. What we have in this
system? We have one tandem valve, A. No, sorry, this has 2 positions. A is the cross connection,

B is the straight connection and this is an intermediate positions.

And for this one, this is simply on-off types which. Now what is the written here? A is closed, B
is closed, C is closed. That means, this is in that condition, pump flow to the tank. Okay? Now
then A is closed, B is also closed but C is connected. In that case, accumulator to system, oil is
going to accumulator to the system okay? Right. From here too, it is going to the system. Then A

is closed, B is open, and C is closed.

That means we are having these connections. Then pump and accumulator pump is supplying oil
to the system as well as to the accumulator, of course depending on the requirements of the main
system. Then A is on, B is off and C is off, then only this accumulator is being charged because
this oil from the main system is going to the tank and this is oil is being charged through this
accumulator okay? So this is another the application of accumulator with a hydraulic system is

shown here how it can be arranged.
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Accumulators and its Applications : Application Example (Contd....)
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Now next to that application of accumulator, storage with simple pump. Now in that case, this is
a very simple system but we are having again on-off type valve, 4 by 3 on-off type valve. This
means that either this position or this position, it will be there. So let us consider the normal
position which is shown, in that case oil is going to the accumulator as well as to the system.
Depending on the pressure and flow requirement, accumulator will be charged or from the

accumulator, oil will flow to the system.

Now next when this is being charged like this, this is coming to this position, then oil will go to
this side okay? And oil from here, it will come back to the system. Again, in that condition also,

the accumulator may be charged according to the requirements set.
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Accumulators and its Applications :

Application Example (Contd....)
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Now another system, this is for pulsation reduction. In that case, we have used 4 by 3 closed

centre valve. And this is as I told that if there is pulsating load, to tackle such pulsating load with

less reduction of ripple or pulsation, we can simply use an accumulator in the line.

(Refer Slide Time: 40:25)

Accumulators and its Applications : Typical Question-Answer:

Q1. (a) Why is an accumulator used in a hydraulic power transmission system?

(b) Inan “air over oil” type accumulator how can the required size be
determined assuming isothermal and adiabatic processes?

(c) The recharge pressure of an accumulatoris 90 bar (9 MPa). It has to
supply 5 litres of oil between 200 bar (20 MPa) and 100 bar (10 MPa)
absolute. Determine the size of the accumulator necessary assuming-

(i) isothermal and
(ii) isentropic process.

Answer (a):

(i)

An accumulator is used in a hydraulic system for the following reasons-

As an energy storage devise— To supply large oil flow short
period of time which is beyond the capacity of the pump.

Butwhen the demand of flow is less the pump flow, being

excess, can charge the accumulator no that it may again
supply oil when needed.

(s
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Now we should look into a typical question answering. Why is an accumulator the question,
typical question, say this is usually 4 to 5 such questions or 5 to 6 such questions to be answered
in 3 hours. We will consider let us consider that this is about we have to answer 5 questions and

this is one full question. The part A is that why is an accumulator used in a hydraulic power



transmission system? 2nd part is that, part B, in an air over oil, that means in this accumulator,

maybe we can think of a piston type.

Gas is air and bottom is oil. Type of accumulator, how can the required size be determined
assuming isothermal and adiabatic process? Then the recharge pressure of an accumulator is 90
bar, 9 meg Pascal. It has to supply 5 litres of oil between 200 bar, that is 20 mega Pascal and 100
bar is 10 mega Pascal absolute. Determine the size of the accumulator necessary assuming, one

is the isothermal and two is isentropic process.

Means in this case, we may consider adiabatic or something we can we will consider. Now
answer part A, why is an accumulator used in hydraulic power transmission system? Then, an
accumulator used in hydraulic system for the following reasons. One, is an energy storage
device- to supply large oil flow short period of time which is beyond the capacity of the pump
okay? But when the demand of flow is less the pump loading excess, can charge the accumulator

so that it may again supply oil when needed.

(Refer Slide Time: 43:04)

Accumulators and its Applications : Typical Question-Answer (Contd...) :

Answer(a):

(ii) As a cushion for pressure surges which are invariably generated in
a hydraulic circuit due to acceleration and deceleration of oil
resulting form fast valve operation, load shocks etc.

Presence of an accumulator sharply reduces pressure peaks
there by protecting the system.

The various states of air over oil type accumulator are shown in illustrations
below (Fig. 8.33-QA01).

H
Note: P are ab

7 Airor gas
{5 0il P || not gauge p es.

" Fig, 8.33-QA01:
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Then another if we think an application of that, as a cushion for pressure surge which are
invariably generated in a hydraulic circuit due to acceleration and deceleration of oil resulting
from fast valve operations, load shocks et cetera. That means, this is the reduction of pulsation,

this accumulator is used. Presence of an accumulator sharply reduces pressure peaks thereby



protecting the systems. So this is the, how briefly you can answer the application of the

accumulator.

Next comes the part B where that air over oil accumulator and we have to express that how they
function. Now in this case, this is a simple diagram. You can you such colour to mention. So 1st
when we are charging this volume, this you can say that 90 percent of the total volume of the
accumulator okay? That is shown. This is a precharge pressure and then this is air and this is oil.
And P2V2 is the say maximum pressure and this is at that condition, the volume of the say

bladder or the top side of the diaphragm.

But that is nitrogen gas let us consider. And then the oil can be used up to this, that means the
total oil will be pumped from the accumulator to the system can be calculated, V1 by V2 and by

that time, pressure reduces from P2 to P1.

(Refer Slide Time: 45:20)
Accumulators and its Applications : Typical Question-Answer (Contd...) :

The accumulator velume (actual) is about 10% higher than initial

Dl Va volumeof gas ¥, whichis inserted at a pressure 7, .
When the accumulator is fully changed, the pressure rises to 72
and the volume is squeezedto V> .
_ As accumulator supplies oil, the volume expandsto ¥V, and the
2.,V pressurefallsto p, .

Using isothermal process (i.e. slow changing and discharging):

pVi=pV,=pV;

I or, szﬂVl

P
=] & v,=Ly,
= s Bs

4#19..:33-qno1:
L3

N‘PTE{L L I‘



Accumulators and its Applications: Typical Question-Answer (Contd...) :

Isothermal process:

P %4 The amount of oil discharged is:
o?" o

V;—V2=[ﬂ—ﬂ]z
— P P
PV, or, ¥, =(V,—V,)/[”'—"'J
/ P P
PV, VI:[IG-VZJ/[L_L}
- 4 P P

Airorgas

#19.¢.33-QA01:
&)
: 1o
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Now the accumulator volume actually is about 10 percent higher than this which I have
explained already. So you can mention that thing. That is why the figure is like that and when the
accumulator is fully charged, the pressure rises to P2 and the volume is squeezed to V2 okay? An
accumulator supplies oil, the volume expands to V1 and the pressure falls to P1. Now we

consider the isothermal process, that is slow charging and discharging.

Then we will consider that the power N is 1. So P1V1 is equal to P2V2 is equal to P3V3 okay?
Now the V2 is equal to P1 by V2 is equal to V1 and V3 P1 by P3 into V1. And then for the
isothermal process, the maximum volume, the amount of oil discharged, that means maximum
volume of oil, we can use is V3 by V3 minus V sorry, this will be actually V2 minus V1. Sorry
this is we have used P1, P2, so this will be V2 minus V1 is here will be P2 and this will be PO.

Sorry, equation is not written correctly.

And anyway, we are dealing with this volume, so V1 is the charged volume in this case and this
can be expressed in this way. And finally we can find out the relations what will be the relations

of this volume.



(Refer Slide Time: 47:48)

Accumulators and its Applications : Typical Question-Answer (Contd...) :
Using isentropic process (i.e. fast changing and discharging):
ikl y _ _
A PV, =PV =V,
C
] — r=2=14
P2-V2 \
Now, L]
_|| A Py
P P>
pl ? Vl
L3 1
- 7 7
. |
= P P2
Airorgas P
oil b
#19.4.33-QA01:
LS
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Now in this case, the instead of using N as the power for isentropic process, we have considered
isentropic, we have not mentioning this adiabatic process, we consider this gamma. And then,
with this we can say that gamma is equal to CP by CV is equal to 1.4, that is the for the adiabatic
change, we take that 1.4 and then these equations come in this form and finally, V1 is calculated

within this form.



(Refer Slide Time: 48:34)

Accumulators and its Applications : Typical Question-Answer (Contd...):

Data given:
P>V, p,=90+1
=91bar (ab).
P, =200bar (ab).
P2V, p, =100bar (ab).

V, -V, =5litre.

PV

Using isothermal process:
P /(L _L):E/(L): 1000
91 \100 200/ 91 \200 91

iﬂi; 33-QA01:
‘ ) or V, =11litre.
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Now we are coming to this part C where the pressure is now this is, you see this charge pressure
was set 90 bar, charge was done at 90 bar. So now that 90 bar is the gauge pressure there. So we
add plus 1 to make it absolute pressure 91 bar whereas the system working in 100 to 200, that we
consider as a absolute pressure. Now volume is this, again this is a mistake, this will be V1
minus V2 is 5 litres okay? And then using this calculation, we can have V1 is equal to 11 litre.

That means in this case, VO will be 11 litre.

(Refer Slide Time: 49:43)

Accumulators and its Applications : Typical Question-Answer (Contd...)

Using adiabatic (isentropic) process assuming ¥ =4/3=1.33

P V (as the discharge forces is often strictly not isentropic):
0
L4
Therefore: [_
_ " ” T 13 Y
neaw| () (3] | "]
15 % sne | "o
Pz:Vz 91" 100 200 i NN N
|
1 {
5 /[:' 'f] ) ® timiny 10
- B Fig.8.33-5:
V 2946 | 31.622 53.183 g?sm.»m[
Pty ‘
5
=———/(0.031623 -0.018803
] " !
Airorgas :_5 =
E o 5536 001282
#igg.33-QRo1: = 5
i % 29.46 0.01282
NPTEL =1324litre. 2|4

&



Now if we consider this this calculation, we have shown for isothermal. Now we are considering,
this is not exactly adiabatic but we are someisentropic and we have assumed this value is 4 by 3,
that is 1.33. Now in that case, you see, this according to the times, that means, that is probably
this time of change is this much of that looking into the graph. Say it is about taking half a
second okay. In that case, we consider it is 1.33 and according to that, we calculate this, what is

the volume.

So volume comes is 13.4 litres. Earlier, in case of isothermal, we found it was 11 litre and in this

case, we need 13.24 litre.

(Refer Slide Time: 50:44)
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And then this is the reference we have followed that one is that some tutorial note in a journal
that is in 1992 but as well, this is a good book. I do not know whether it will be available here
but this is on the industrial hydraulic control by P Rohner that is published in 1984. Thank you.



