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Abstract 

The centrifugal compressor is designed for gas and vapour. If the separation efficiency  goes 
down than the water carryover in next stage increases, which is very dangerous for 
compressor internals because the gas & vapours are compressible fluids while the liquid is 
an incompressible fluid. 
As a result a rapid and exponential rise in hydraulic pressure will be occur and also 
vibrations. So, overall, vanes and impellers are the main victims of liquid droplets in a 
centrifugal compressor, or any compressor. Two phase flow in a compressor always damage 
its internals and it may damage the casing deposition takes place on internals. If any 
problem like this appeared than check efficiency of inter-stage separators by taking a 15-20 
liter bucket and measure water in 15-30 min and calculate for one hour. Then apply following 
procedure to determine separator efficiency. This paper intended how to calculate inter-
stage separator efficiency. 
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How to Calculate Separation Efficiency (

Abstract 
The centrifugal Compressor is designed for gas 
and vapour if the separation efficiency goes 
down then the water carryover in next stage and 
this is very dangerous for compressor internals 
because the gas & vapours are compressible 
fluid while the liquid is incompressible fluids
As a result a rapid and exponential rise in 
hydraulic pressure will be occurred and also 
Vibration. So, overall, vanes and impellers are 
the main victims of liquid droplets in a 
centrifugal compressor, or any compressor.
phase flow in a compressor always damage its 
internal and it may damage the casing and 
deposition takes place on internals. If any 

𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 =
𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧

(

Fig- CO2 Compressor with inter-stage separators.

                                                                                                                                             1st Sept, 2022  
                                                     Research Gate is an academic social networking site

This is an open access article, Research Gate is a European commercial social networking site for scientists and researchers

How to Calculate Separation Efficiency (ƞ) of compressor separator

By 

Prem Baboo 

The centrifugal Compressor is designed for gas 
and vapour if the separation efficiency goes 
down then the water carryover in next stage and 
this is very dangerous for compressor internals 
because the gas & vapours are compressible 

incompressible fluids. 
a rapid and exponential rise in 

draulic pressure will be occurred and also 
and impellers are 

the main victims of liquid droplets in a 
centrifugal compressor, or any compressor. Two 

a compressor always damage its 
and it may damage the casing and 

deposition takes place on internals. If any 

problem like this appeared then check efficiency 
of inter-stage separator efficiency, take a 15
liter bucket and measure water in
calculate for one hour then apply following 
procedure to determine separator efficiency. 
This paper intended how to calculate inter
separator efficiency. 
Keywords-Efficiency, two phase flow, 
vibration, internals, impellers, compressor,
interstate separator. 
Description –The efficiency of the interstate can 
be calculated by following formula
measure from interstate separator for one hour 
and follow following procedure

𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐨𝐟 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐞𝐝 𝐢𝐧 𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫 ∗
𝟏𝟖

𝟐𝟐. 𝟒
∗ 𝐀𝐧𝐭𝐢𝐬𝐮𝐫𝐠𝐞

(𝟏 − 𝐖𝐚𝐭𝐞𝐫 𝐟𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐬𝐞𝐩𝐚𝐫𝐭𝐞𝐝 𝐢𝐧 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫)

stage separators. 
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ƞ) of compressor separators? 

problem like this appeared then check efficiency 
stage separator efficiency, take a 15-20 

liter bucket and measure water in 15-30 min and 
calculate for one hour then apply following 
procedure to determine separator efficiency. 
This paper intended how to calculate inter-stage 

Efficiency, two phase flow, 
vibration, internals, impellers, compressor, and 

The efficiency of the interstate can 
be calculated by following formula and water 
measure from interstate separator for one hour 
and follow following procedure. 

𝐀𝐧𝐭𝐢𝐬𝐮𝐫𝐠𝐞 𝐅𝐥𝐨𝐰(
𝐍𝐦𝟑

𝐡𝐫
)
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Calculation for 2816TPD CO2 Compressor with three separators.
Data Observation 
Sr. No. Parameters 
1 Antisurge Flow 
2 1st suction Pressure 
3 1st suction Temperature
4 2nd  suction Pressure 
6 2nd suction Temperature
7 Vapour Pressure of water at 1

Suction Temp 
8 Vapour Pressure of water at 2

Suction Temp 
9 Water collected from 1
Table- Data observation for compressor

Fig- Compressor inter stage and sep
Calculation 

𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐚𝐭 𝟏𝐬𝐭 𝐬𝐮𝐜𝐭𝐢𝐨𝐧

𝐖𝐚𝐭𝐞𝐫

𝐖𝐚𝐭𝐞𝐫

𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐚𝐭 𝟐𝐧𝐝  𝐬𝐮𝐜𝐭𝐢𝐨𝐧
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Calculation for 2816TPD CO2 Compressor with three separators. 

Value Unit 
37780 Nm3/hr
1.540 ata 

suction Temperature 38 0C 
6.2 ata 

suction Temperature 33 0C 
of water at 1st  0.0675 ata(from Table)

Vapour Pressure of water at 2nd  0.051 ata(from table)

Water collected from 1st separator 989 lit/hr 
compressor 

parators 

𝐬𝐮𝐜𝐭𝐢𝐨𝐧 =
𝐕𝐚𝐩𝐨𝐮𝐫 𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞 𝐚𝐭 𝟏𝐬𝐭 𝐬𝐮𝐜𝐭𝐢𝐨𝐧 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞

𝟏𝐬𝐭 𝐬𝐮𝐜𝐭𝐢𝐨𝐧 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞

𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐚𝐭 𝟏𝐬𝐭 𝐬𝐮𝐜𝐭𝐢𝐨𝐧 =
𝟎. 𝟎𝟔𝟕𝟓

𝟏. 𝟓𝟒𝟎
 

𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐚𝐭 𝟏𝐬𝐭 𝐬𝐮𝐜𝐭𝐢𝐨𝐧 = 𝟎. 𝟎𝟒𝟑𝟖 

𝐬𝐮𝐜𝐭𝐢𝐨𝐧 =
𝐕𝐚𝐩𝐨𝐮𝐫 𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞 𝐚𝐭 𝟐𝐧𝐝  𝐬𝐮𝐜𝐭𝐢𝐨𝐧 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞

𝟐𝐧𝐝  𝐬𝐮𝐜𝐭𝐢𝐨𝐧  𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞
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/hr 

ata(from Table) 

ata(from table) 

 

 

𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞
 

𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞
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𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐚𝐭 𝟐𝐧𝐝  𝐬𝐮𝐜𝐭𝐢𝐨𝐧 =
𝟎. 𝟎𝟓𝟏𝟑

𝟔. 𝟐𝟎
 

𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐚𝐭 𝟐𝐧𝐝  𝐬𝐮𝐜𝐭𝐢𝐨𝐧 =
𝟎. 𝟎𝟓𝟏𝟑

𝟔. 𝟐𝟎
= 𝟎. 𝟎𝟎𝟖𝟐𝟕 

Water Fraction Separated in 1st separator= Water Fraction at 1st Suction- Water Fraction at 2nd 
Suction. 

Water Fraction Separated in 1st separator =0.0438-0.00827=0.03553 

𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐖𝐚𝐭𝐞𝐫 𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐞𝐝 𝐢𝐧 𝟏𝐬𝐭 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫 

=
𝐖𝐚𝐭𝐞𝐫 𝐅𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐨𝐟 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐞𝐝 𝐢𝐧 𝟏𝐬𝐭  𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫 ∗

𝟏𝟖
𝟐𝟐. 𝟒

∗ 𝐀𝐧𝐭𝐢𝐬𝐮𝐫𝐠𝐞 𝐅𝐥𝐨𝐰(
𝐍𝐦𝟑

𝐡𝐫
)

(𝟏 − 𝐖𝐚𝐭𝐞𝐫 𝐟𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐬𝐞𝐩𝐚𝐫𝐭𝐞𝐝 𝐢𝐧 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫)
 

𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐖𝐚𝐭𝐞𝐫 𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐞𝐝 𝐢𝐧 𝟏𝐬𝐭 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫 =
𝟎. 𝟎𝟑𝟓𝟓𝟑 ∗

𝟏𝟖
𝟐𝟐. 𝟒

∗ 𝟑𝟕𝟑𝟖𝟎

(𝟏 − 𝟎. 𝟎𝟑𝟓𝟓𝟑)
 

𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐰𝐚𝐭𝐞𝐫 𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐢𝐨𝐧 𝐢𝐧 𝟏𝐬𝐭 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫 = 𝟏𝟏𝟏𝟖. 𝟓𝟒𝟎 

Now  

𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐢𝐨𝐧 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 =
𝐖𝐚𝐭𝐞𝐫 𝐂𝐨𝐥𝐥𝐞𝐜𝐭𝐞𝐝 𝐢𝐧 𝟏𝐬𝐭 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫

𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐰𝐚𝐭𝐞𝐫 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐞𝐝 𝐟𝐫𝐨𝐦 𝟏𝐬𝐭 𝐬𝐞𝐩𝐚𝐫𝐚𝐭𝐨𝐫
 

𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐢𝐨𝐧 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 =
𝟗𝟖𝟗 ∗ 𝟏𝟎𝟎

𝟏𝟏𝟏𝟖. 𝟓𝟒
 

𝐒𝐞𝐩𝐚𝐫𝐚𝐭𝐢𝐨𝐧 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 = 𝟖𝟖. 𝟒𝟐% 

Water Temperature Vs Vapour pressure table- 

Water Temperature VS Vapour Pressure 
Temperature 

(in 0C) 
Vapour Pressure 

(in ata) 
Temperature 

(in 0C) 
Vapour Pressure 

(in ata) 
30 0.0432 46 0.1028 
31 0.0458 47 0.1082 
32 0.0485 48 0.1138 
33 0.0513 49 0.1197 
34 0.0542 50 0.1258 
35 0.0573 51 0.1322 
36 0.0606 52 0.1388 
37 0.064 53 0.1457 
38 0.0675 54 0.153 
39 0.0713 55 0.1605 
40 0.0752 56 0.1683 
41 0.0793 57 0.1765 
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                    Table-water temperature Vs vapours pressure

Graph- water temperature Vs Vapour pressure
 
Demister Pad -A demister is a device often 
fitted to vapor–liquid separator vessels to 
enhance the removal of liquid droplets entrained 
in a vapor stream .A demister has the function 
of removing the excess water vapor before the 
steam is fed into the next stage of multi stage 
compressor. A demister is typically a cylindrical 
tube with steel gratings installed inside to 
eliminate the water droplets brought by steam 
from the geothermal well. The performance of 
the demister pad depends on an even velocity 
Gas temperature & Pressure distribution over the 
cross-sectional area.. Small velocity differences 
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0.0836 58 0.1850 
0.0881 59 0.1939 
0.0928 60 0.2031 
0.0977 61 0.2127 

water temperature Vs vapours pressure 

water temperature Vs Vapour pressure 

a device often 
liquid separator vessels to 

oplets entrained 
A demister has the function 

removing the excess water vapor before the 
steam is fed into the next stage of multi stage 

. A demister is typically a cylindrical 
tube with steel gratings installed inside to 
eliminate the water droplets brought by steam 

The performance of 
the demister pad depends on an even velocity 
Gas temperature & Pressure distribution over the 

sectional area.. Small velocity differences 

are acceptable, but should be minimized at the 
design stage. Otherwise, some regions of the 
demister pad may be subjected to heavy loading 
leading to re-entrainment while other regions are 
unused. There are two types of demister

1. Horizontal 
2. Vertical 

Generally, the demister pad is located at the 
upstream of the outlet nozzle with insufficient 
disengagement space. Vapor tends to channel 
through the pad in the region closet to the outlet 
nozzle and peripheral regions of the pad remain 
unused.  
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hould be minimized at the 
design stage. Otherwise, some regions of the 
demister pad may be subjected to heavy loading 

entrainment while other regions are 
unused. There are two types of demister 

Generally, the demister pad is located at the 
upstream of the outlet nozzle with insufficient 
disengagement space. Vapor tends to channel 
through the pad in the region closet to the outlet 
nozzle and peripheral regions of the pad remain 
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Fig- Horizontal & vertical demister 

 
Fig- Demister Pad 
The droplet will grow bigger and isolate from 
the filament until the droplets gravity exceeding 
gas rising force and liquid surface tension force 
while there is little gas passing through the 
demister pad. Separate the gas in the droplets 
can improve the operating condition, op
process indicators, reduce corrosion of the 
equipment, extend equipment life, increase the 
amount of processing and recovery of valuable 
materials. 
Features of demister pad  

1. Simple structure at time of maintenance
2. Lightweight and easy to transport f

manhole. 
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bigger and isolate from 
the filament until the droplets gravity exceeding 
gas rising force and liquid surface tension force 
while there is little gas passing through the 

Separate the gas in the droplets 
can improve the operating condition, optimize 
process indicators, reduce corrosion of the 
equipment, extend equipment life, increase the 

recovery of valuable 

Simple structure at time of maintenance 
ghtweight and easy to transport from 

3. High porosity, less pressure drops and 
anticorrosive. 

4. Large surface area and high separating 
efficiency. 

5. Easy to install, operate and maintain. 
Durable and long service life.
and rust resistance. 

 
Thickness 
The selection range of the
thickness falls between 100 mm and 200 mm. If 
the gas to be removed contains a large quantity 
of droplets, then a thick demister pad is required. 
Instead, if the gas to be removed contains few 

Working principle of demister pad
When the gas with moisture at a constant speed 
and passes through the wire mesh, the rising 
mist will collide with the mesh filame
attached to the surface filament due to the 
inertia effect. The mist will be diffuse on the 
filament surface and the droplet will follow 
along the filaments of the two wire intersection.
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ty, less pressure drops and 

Large surface area and high separating 

Easy to install, operate and maintain. 
Durable and long service life. Corrosion 

The selection range of the demister pad 
thickness falls between 100 mm and 200 mm. If 
the gas to be removed contains a large quantity 
of droplets, then a thick demister pad is required. 
Instead, if the gas to be removed contains few 

Working principle of demister pad  
at a constant speed 

and passes through the wire mesh, the rising 
mist will collide with the mesh filament and 
attached to the surface filament due to the 
inertia effect. The mist will be diffuse on the 
filament surface and the droplet will follow 
along the filaments of the two wire intersection. 
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droplets, then a thin demister pad is required. 
Generally, the demister pad with a nominal 
diameter of 2000 mm below shall have a 
thickness of 100 mm; the demister pad with a 
nominal diameter of 2000 mm to 5000 mm shall 
have a thickness of 200 mm; the demister pad 
with a nominal diameter of 5000 mm below 
shall be customized. In addition, what the 
customer concerns about is the selection of thick 
demister pad will increase its resistance. In 
practice, it is proven that it will be no problem 
when the operating gas velocity falls between 3 
m/s and 5 m/s. 
Horizontal Demister Pad- A horizontal 
demister pad install as horizontally in cylindrical 
or rectangular vessel. The gas inter from bottom 
to top the moisture free gas out from bottom. A 
typical horizontal demister resembles a large 
steel wool mesh pad (Figure 1), several feet in 
diameter and, 6″ to 12″ inches thick. Fine 
diameter wires which are typically ~0.011 
inches in diameter are interlocked by a weaving 
operation to form a wire mesh pad with a high 
free volume (97% to 99+% void fraction) and of 
uniform density. A “tight” mesh (a lower void 
fraction and more dense) is more effective, i.e., 
it captures smaller diameter liquid droplets vs. 

an “open”, less dense mesh with a greater void 
fraction. 

Vertical Demister pad-A vertical demister pad 
install at vertically in cylindrical vessl. In this 
device a water collecting rod with seal also 
provided to avoid gas escaping. For vertical 
vapour flow, mesh pads are normally either 
100mm or 150mm thick and for horizontal flow 
are normally greater at 150 to 200mm (+) thick. 
Where mesh pad thickness exceeds 300mm, the 
unit is usually divided into 2 separate layers so 
that the sections will pass through normal vessel 
man ways and in such cases wire screens are 
fitted between layers to maintain pad integrity 
during installation. 

Design Velocity-The maximum allowable 
vapour velocity 'V', for most systems is 
calculated according to the equation given below 
It is suggested that the design velocity should be 
60-75% of 'V' to allow for surges and upset 
conditions However excellent performance is 
obtained in most systems for velocities 30-110% 
of the maximum allowable vapour velocity for 
high pressure and vacuum services the constant 
"K" needs a specific design. 

 
PRESSURE DROPF- process equipment at 
normal velocity P is usually negligible (almost < 
25 mm of WG) in vacuum service high 

performance is routinely achieved with pressure 
drops 5mm WG. 
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Conclusion- 
So you see above that the efficiency factor in 
compressor system is very important otherwise 
you will search other factors for vibration etc. 
Time to time you must have determined the 
efficiency of compressor inter stage separators. 
This practice allows the engineer to selectively 

increase the pressure drop through regions of the 
pad likely to suffer from channeling, and is cost 
effective; otherwise lot of damage will occur. 
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