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Lecture — 52
Tutorial on compression

Welcome. After learning about compressor and compression today in this lecture we

shall be looking at some problems on the compression.
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What we shall learn

v Estimation of
* The ratio of heat capacities
* The reversible work required to compress a natural gas
* The exit temperature for isentropic compression
* The number of stages required
* The isentropic efficiency

* The brake horsepower
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So, in this particular lecture what we shall learn. We shall be running to estimate the ratio
of the heat capacities which are necessary for the finding the performance of the
compressors. The reversible work required to compress natural gas, exit temperature, for
isentropic compression, the number of stages, isentropic efficiency and brake horse

power.
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Problem 1

Compute the ratio of heat capacities (y) for the natural gas shown in the following
table. Assume butanes to be all n-butane and Cs, fraction to be hexane.

Component Mol C, at311K
fraction | (kj/kmol-K)

IIT KHARAGPUR

Helium
Nitrogen
Methane
Ethane
Propane

Butanes

Pentanes and heavier
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0.0045
0.1465
0.7289
0.0627
0.0374
0.0138

0.0062
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20.79
29.12
36.19
54.06
76.15
101.75

170.75
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So, first let us see the problem in which we have been asked to find out the ratio of the

heat capacities for natural gas shown in the following table. So, here in this particular

table, what we find that here are the various components of the natural gas. And here in

this column we are given the mole fractions and in this column we are given the specific

heat at 311 K of the various components of the natural gas.
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Solution ;

C,at311k
{K]/kmol K)

Mol
fraction

Helium 0.0045
Nitrogen 0.1465
Methane 0.7289

Ethane 0.0627
Propane 0.0374
Butanes 0.0138

Pentanes 0.0062
and heavier

1.0000
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20.79

29.12
36.19
54.06
76.15
101.75
170.75

R =8.314 k] /kmol K
(k] fkmol K)
0.094 Com = Com =R
4.266 = 3944 -8314
26.379 =31.126 k]/kmol K
B Hence,
2848 = Cpm/Cvm=39.4‘4/31.126 = 1.2
1404
1.059
@
39.440*’/ il
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So, do the solution what we do we again put this table but only if the thing what we do

that we put another column, in this column we put the product of the mole fraction and



the specific heat. So, we do this product and write these products in this particular
column and we sum it up. So, this is the summation of this y C p and this is the value of
the average specific heat of the mixture. After finding the specific heat value of the
mixture then we find out the specific heat value at of the same mixture for a constant

volume, this is C p at constant pressure, this is at constant volume.

So, this is found by ideal gas assumption and with subtract the value of the R from the C
pm C p value and we get the value of the C v and to find the value of the heat capacity
ratio we simply take the ratio of the C p to C v and get the value of the gamma. So, this

is a very straight forward problem to find out the specific heat capacity ratio.
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Problem 2

(a) Compute the reversible work required to compress a natural gas mixture
from 68.947 to 413.685 kPa (gauge) , both isothermally(w;) and adibatically
(w), with an initial temperature (T;) of 300 K.

b) Calculate the exit temperature (T ) for isentropic compression.
Y 2 p p

The molar mass of the gas (M) is 18 and the ratio of heat capacities (y) is 1.15.
Assume the compressor is 100% efficient.

9
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Next we come to a problem, in which we have been asked to compute the reversible
work required to compress a natural gas mixture from this to this particular pressure
which are given in gauge, both isothermally and adiabatically at an initial temperature of
300 K. And we have also asked to determine the exit temperature for the isentropic
compression. It is given the molar mass of the gas as 18 these are this is the ratio of the

heat capacity and it is to be assumed that the compressor is 100 percent efficient.
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Solution :
1 Isentropic work :
,__YRTy 1 A
Wy = ==
TOMy-1) Py

@ : ;1158314 X300 ( 515 )(““” i

P, = 68.947 + 101352 = 170.3 kPa = 18(1.15-1) 170.3

P, = 413.685 + 101.352 = 515 kPa =-164.9k]/kg

Isothermal work (T, = T,) : (b)

The outlet temperature for isentropic
- compression :

Ws = RTlln(PZ/Pl)/M ~ 3 y-1/y 3 515 (1.15-1)/1.15
= -8314x 300In[515/1703]/18 |T, =T, (H) =300(22)
=-153.84 k]/kg =346.6K
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With this now, we see this is a typical compressor this one and two represent the inlet
and the outlet of the compressor. So, when I say P 1 that is the pressure at this point inlet.
So, P 1 is this is the pressure gauge pressure to this we add the atmospheric pressure we
get the absolute pressure and this P 2 we get the with the gauge pressure we at that

positive pressure to get the P 2 value.

And with this P 1 P 2 value because it isothermal work. So, T 1 is equal to T 2 and the
formula we have studied earlier we get the expression for the work done and for
isothermal compression and we this is general or in the numerator is in terms of mole.
So, we multiply this divide it by the molecular weight in to get in terms of the mass and
this is how we plug in the values of the various variables and get at this value as the

isothermal work of compression.

To find the isentropic work compression we use this particular formula for the work and
again plug in the values of the various variable given in this particular problem and we
get obtain this value as the isentropic work of compression. And we can see here with

isentropic work is more than the work of isothermal compression.

And in the next part we have been asked to determine the outlet temperature for
isentropic compression and this is the particular formula we saw earlier to find out the

outlet temperature again we plug in the values of the various variable in this expression



and we get the value of the outlet temperature as 346.6. So, we will find that there is

about 47 Kelvin in increase in the temperature due to this particular compression.
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Problem 3

(a) Determine the number of stages (n) required to compress the gas from
68.947 to 4309 kPa (gauge) with a compression ratio (CR) of 3:1.

(b) Calculate the exit temperature (T5) if the compression is carried using a single
stage if the gas enters first stage at 300 K (T;).
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So, in this problem we have been asked to determine the number of stages required to
compress a gas from this to this particular pressure in terms of gauge pressure and the
compression ratio is given as 3 is to 1. And then next part we have to find out the exit
temperature if we carry out the compression using a single stage only and with the same

user temperature of the gas.

(Refer Slide Time: 05:35)
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Solution :

(a) (b)

P, = 68947 +101.352 = 170.3 kPa The outlet temperature is given by
P, = 4309+ 101.352 = 4410.3 kPa P y-1fy

R = (By/R)!" BT

Py
44103\ (115-1)/115
=3 (7)

1703
=4586K

Taking log on both sides,

InCR = ~In(Py/P; )
In(P,/P;)

InCR
B In(4410.3/170.3)
N In3
=2.960r3
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So, for the first part what we do, that we first find out the absolute pressures at the two
ends of the compressor like this. And this is the overall value of the pressure increased
and from the, this particular formula compression ratio for n number of stages we can

just take the log of this particular expression.

So, this is the expression for the number of stages for the overall increase in the pressure
and we plug in the values of the various variables to find that that 2.96 number of stages
is required. So, we have to take the next higher whole number that is 3. So, we need 3
stages to do carry out this particular compression. And to have an idea that why we need
multiple stages and not a single stage. What we do? We have been asked to find out that

if we are using a single stage and what would be the temperature rise.

So, for this, what we do with to take the total compression necessary and in this with
plug in the values of the inlet temperature and the final pressure and the initial pressure
we find that this is the temperature reached. So, what we find? There will be about a rise
of about 160 Kelvin temperature if you are using a single stage. So, this is the reason

why we are suggested to use multiple stages and not a single stage.

(Refer Slide Time: 07:11)
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Problem 4

Determine the isentropic work (wjs)and isentropic efficiency (n;s) of a
compressor if the actual work of compression (w,) is =217.3 kJ/kg and the
ratio of heat capacities (¥) is 1.15.

Assume the molar mass of the gas (M) is 18 , the inlet temperature(T;) is 300
K and the compression ratio (CR)is 3.

3
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In the next problem we are asked to determine the isentropic work. And the isentropic
efficiency of a compressor and if the actual work is given like this and the ratio of the
heat capacities is given like this, this is the molecular mass of the particular gas and these

are initial temperature and this is the compression ratio.
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Solution :
(a)

The isentropic work required:

__rn [ (Pz)”“”
UMy -D] AR
= 1.15%8.314%300 _ (1_15_1)/‘1.15
18(1.15-1) [1 (30) ]
=-163.7k]/kg
(b)
The isentropic efficiency :
= = 2197 0,753 0r 75.3 %
Ms=%, =2 8
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So, with this information we use the expression for the isentropic work and we plug in
the values of the various variables in this expression and we will find the value of the
isentropic work. Now, for the isentropic efficiency what we do? We take the ratio of the
isentropic work to the actual work and we find this is coming about 75.3 percent

isentropic efficiency.
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Problem 5

Estimate the brake horsepower (BHP) needed to compress 30 MMscfd(Q)of
the gas from 10 to 625 psig. Assume the intake temperature (T;) to be 80 °F.
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In the next problem what we do? We have to find out the brake horsepower needed to
compress this much amount of a gas from 10 to 625 psig and the intake temperature is 80

degree Fahrenheit.
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Solution :
Py =10 psig=10+14.7=24.7 psia

s =) 147 \(T3[R]\ Z, Assume Z;=Zp
([MMcfd] = Q[MMscfd] (P1 [psia])( =
14.7\ /460 + 80
-50{3) (5]
= 1854 MMcfd 1 10
2 1.08

BHP = 22Fn(CR)Q[MMcfd]
=22x110 %3 3x 1854 = 4038 hp
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So, for this we use we first again convert the gauge pressure to the absolute pressure by
adding ambient pressure that is 14.7. And what we do? This is the expression we learnt
earlier to find out the actual flow rate and this is the standard product it is given the
actual product of the gas. So, in this case this 14.7 and 250 represent the standard

conditions and we assume in this the Z 1 is equal to Z R.

So, assuming this Z olne equal to Z R we put these values here this temperature is in
Rankin. So, we add 460 to the Fahrenheit to Rankin temperature and this is the value of
the actual flow rate of the gas, actual volumetric flow rate of the gas. With the actual
volumetric flow rate now we put the this expression of for the BHP that brake
horsepower and we find that this particular table we find that for different values of the

stages we are given the different values of the F.

So, for this 3 stages we get the value of the F as 1.10, which we plug in here n we take as
3, CRis also given as 3, Q this is taken from this expression and then we find that this is

the value of the horsepower brake horsepower of the particular compression.
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And these are the various references which you can refer for the details of this kind of

calculations.

Thank you.



