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ABSTRACT 

This report basically discusses the research and the work done on the project entitles A 

Study on Centrifugal Compressor Performance and Developing Compressor 

Performance Analysis Software. The objective of this project is to study centrifugal 

compressor behavior and analyze factors that affect the performance of compressor. 

Compressors have a limited operational range that operator will take into seriously. If 

exceeded will cause damage to the compressor. Moreover, centrifugal compressors are 

costly processing equipment and also consume a lot of energy. Thus, it is crucial to 

monitor and controlled compressor performance. Polytropic head are plotted to trend 

real time performance monitoring for centrifugal compressors as it consider changes in 

gas characteristics during compression. By using Microsoft Excel 2008, the author can 

automatically get the outputs by inserting all the data into a calculation sheet after put in 

required formulas as a function in Excel. From the compressor performance map one 

can analyze the behavior of compressor in real time operation. By trending necessary 

variables against time, operator can do a planning on troubleshoot and also composition 

analysis. All the theory can be validate by analyzing the results. The author also manage 

to construct an interface to determine compressibility factor, Z and polytropic head using 

Visual Basic Application. 
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CHAPTERl 

INTRODUCTION 

1.1 BACKGROUND OF STUDY 

Centrifugal compressor is critical equipment m oil and gas industry, which 

applied in gas injection, gas lifting, gas pipeline compression and many more. 

Compressor achieves compression by applying inertial forces to the gas using rotating 

blade impellers, continuously impacting and performing work on the gas during 

operation. 

Inability to maintain flow within the design parameters and pressure characteristics 

for a particular compressor can and probably would result in turbulent gas flow patterns, 

back flow and development of an operating condition know as "surge" inside the 

compressor. This condition is very detrimental or destructive to the working parts of a 

centrifugal gas compressor. 

Compressors have a limited operational range that operator will look into 

seriously. If exceeded, it will cause damage to the compressor. Moreover, centrifugal 

compressors are costly processing equipment and also consume a lot of energy. Thus, it 

is crucial to monitor and controlled compressor performance. 
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1.2 Problem Statement 

1. Compressor performance has a significant impact on overall plant performance. 

Compressor performance need to be monitored in order to avoid operation 

shutdown that will lead to lost of money. 

11. Surge is a fluctuation of flow and pressure and it causes overheating and 

damages; it may be violent enough to damage a compressor in a few cycles. 

Surging gives cyclic flow, back-flow, high vibrations, pressure shocks and rapid 

temperature increase. 

iii. There is no current performance monitoring software that able to calculate 

polytropic head for each operating point during real time operation. 

1.3 Objective 

1. To study compressor behavior and analyze factors that affect the performance of 

compressor. 

11. To be able to describe surge phenomena in the compressor while provide 

validation of the existing theory of surge occurrence through data analysis. 

iii. To study the importance of performance monitoring and develop a compressor 

performance analysis software. 
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1.4 Scope of Study 

In order to complete this project, several scope of study had to achieve. The major 

scopes are follows: 

1.4.1 

• 

• 
• 

Understanding Centrifugal Compressor Operation 

Research on how a centrifugal compressor works 

Research on surge mechanism 

Research on basic thermodynamic law and equation m describing 

centrifugal compressor performance and operation. 

1.4.2 Constructing Mathematical Model of Centrifugal Compressor 

• Investigate related equation to used to construct the model 

• Acquire data needed for performance analysis 

• Training on how to use Visual Basic Application to provide GUI m 

determining performance parameters. 

The scope of study is to understand operation and characteristic of centrifugal 

compressor applied for oil and gas industry. First of all is to seek all the relevant 

information that related to compressor operation. To understand about compressor we 

need to know basic concept of compressor process and also compressor performance. 

The next scope is to explore about surge mechanism, how it happen and the parameter 

that drive it. This study will go further by construct a mathematical model of 

compressor. It is important to have mathematical model of compressor as it describes the 

phenomena of interest in the actual system with sufficient accuracy. The author then 

acquires compressor data from a plant, which operate centrifugal compressor. The data 

used as input for the mathematical model to find the polytropic head of the compressor. 

Plot all the results on a compressor performance map. From the map, one can see the 

behavior of the compressor as the parameters change. Using Visual Basic Application, 

the author then provides a GUI for a better interface in determining the compressor 

performance parameters. 

3 



CHAPTER2 

LITERATURE REVIEW 

2.1 Centrifugal Compressor 

Centrifugal compressor is a dynamic machine. Centrifugal compressors achieve 

compression by applying inertial forces to the gas (acceleration, deceleration, turning) 

by means of rotating blades that continuously impact and perform work on the gas 

during operation. Below are the applications of centrifugal compressor in oil and gas 

industry: 

Upstream Sector Gas Transmission 

• Gas Injection • Gas Pipeline Compression 

• Gas Lift • Gas Storage I Withdrawal 

• Gas Boosting I Export Compression 

Inlet nozzle·--
Feil.m bend--

Qlsing 

Shaft---

Figure I: Cross sectional view of a with five stage Centrifugal Compressor [I] 
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Each compression stage consists of an impeller, a diffuser channel, a retnm bend 

and a retnm inlet. Following the gas through the compressor it enters through the inlet 

nozzle and is distributed around the shaft in the plenum inlet. The gas is then led into the 

impellers where it is accelerated up to high velocities. In the diffuser channel the gas is 

decelerated whereby the kinetic energy is converted to potential energy. The retnm bend 

and the retnm inlet lead the gas on the next stage in the compressor. After the last 

impeller stage the gas collected in the collector volute and via the outlet nozzle it is sent 

for further processing. 

Below is the mechanism of gas flow in centrifugal compressor: 

Gas moving in an axial direction 

1 
Impeller 

• Flow changed to radial direction then 
accelerated in peripheral direction. 

• Adding energy to the gas by producing 

centrifugal force. 

Diffuser • Convert velocity energy and centrifugal force 
into static pressure. 

In single-stage compressor, gas is then discharged. 
In multi-stage compressor, flow returned to the eye 

of next impeller. 
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The mechanism starts once the gas enters the impellers at the eye, moving in an 

axial direction. The flow is then changed to a radial direction and accelerated in a 

peripheral direction as it moves through the impeller from the eye to the tip. Gas then 

exits into some type of diffuser (flow decelerator). In a single-stage compressor the gas 

is then discharged to the process. In a multi-stage compressor the flow must be returned 

to the eye of the next impeller. About two- thirds of the pressure rise occurs in the 

impeller with the remaining increase taking place in the diffusion (velocity reduction) 

process. Flow passages are open throughout the compressor. 

Discharge Stationary 

Rotor 

Figure 2 : Anatomy of centrifUgal compressor [2] 

Journal Bearing 
TH 
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The mechanism starts once the gas enters the impellers at the eye, moving in an 

axial direction. The flow is then changed to a radial direction and accelerated in a 

peripheral direction as it moves through the impeller from the eye to the tip. Gas then 

exits into some type of diffuser (flow decelerator). Ln a single-stage compressor the gas 

is then discharged to the process. In a multi-stage compressor the flow must be retumed 

to the eye of the next impeller. About two- thirds of the pressure rise occurs in the 

impeller with the remaining increase taking place in the diffusion (velocity reduction) 

process. Flow passages are open throughout the compressor. 

Discharge Stationary 
Aerodynamics 

st Dl 

Rotor Journal Bearing 
n < 

Figure 2 ·Anatomy of centr(fugal compressor [2] 
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Below are the components of centrifugal compressor and its functions: 

Table 1: Components of centrifugal compressor 

Components Function 

Impellers Impart energy to the gas by means of centrifugal force 

Shaft Rotating element on which the rotating parts are mounted 

Balance piston To prevent contact under normal operating conditions 

Thrust disc Transmit rotor thrust to thrust bearing 

Inlet guide Reduce turbulence in the gas stream and to direct the flow 
vanes 

Diaphragm Dividing wall between individual 1mpellers of a multi-stage 
compressor. 

Diffuser Stationary passage surrounding an impeller in which velocity 
tmparted to the gas by the Impeller is converted into static pressure 

Internal seals Used between rotating and stationary parts to separate and minimize 
gas leakage between areas of unequal pressure. 

Shaft seals To isolate the gas stream from the atmosphere and from the journal 
bearings. 

Journal bearing To support the rotor load (steady state and dynamic), provide 
stiffness and dampmg, and to control rotor position. 

Thrust bearing To prevent axial motion of the rotating shaft, thereby maintaining the 
axial position of the rotor assembly within the compressor. 
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2.2 Surge Mechanism 

There is a minimum capacity for each compressor. at every speed, below which the 

operation becomes unstable. This mstability is accompamed by a charactenst1c noise 

known as surge. Surging occurs when the pressure at the outlet of the compressor is 

higher than that produced by the compressor. this causes the flow to reverse 

momentarily. The gas volume at d1scharge is higher than the compressor can achieve 

cause the tendency of flow from higher to the lower pressure. However, the reductiOn of 

flow causes the discharge pressure to drop, and the fltm returns. The resultmg v1olent 

oscillation of gas pressure can cause severe and costly damage to the compressor m a 

few seconds. Surge occurs at low flow rate and high compressiOn ratio. 

Compression ratio Discharge Pressure <Absolute) 
Suction Pressure (Absolute) 

The compressor loses the ability to maintain the peak head when surge occurs 

and the entire system becomes unstable. Under normal conditions, the compressor 

operates to the right of the surge line. However, as fluctuations in flow rate occur, or 

under startup I emergency shutdown, the operating point will move towards the surge 

line because flow is reduced. If conditions are such that the operating point approaches 

the surge line, the impeller and diffuser begin to operate m stall and flow recirculation 

occurs. The flow separation will eventually cause a decrease in the discharge pressure 

and flow from suction to discharge will resume. 
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c 
0 
M 
p 
A 
E 
s 
s 
I 
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N 
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A 
T 
I 

0 

35 

30 

2.5 

2.0 

1.5 

I 
I 

I 
I 

50 

I 

I 110% Speed 

I 

60 70 80 90 100 110 120 

Percent Capacity 

Figure 3: A bO\'e is Compressor Operating Map. The operating range of a centr(/ugal 

compressor is restricted hl' a condition called swge. and a condition called 'itonewall 

The surge limitation is most critical of the two operatmg conditions. Operating point 

must not reach surge line and stonewall. [2] 

Surge is a powerful disturbance that can disrupt or trip a process. It can damage 

equ1pment, and in catastrophic incidents, may result m the complete destruction of the 

compressor rotor. The surge cycle will repeat itself unless control systems are mstalled 

or operational changes are made to bring the compressor out of the surge cyc le. The 

surge cycle may result in a small or large flov. reversal penod dependmg on the 

discharge gas volume and the pressure ratio. 
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2.3 Centrifugal Compressor Parameters 

The following parameters used to descnbe the performance of a centrifugal compressor. 

There are measurements (operating conditwns) required to calculate these parameters 

that will be discussed later. 

Performance Parameters (behavior) 

1. Flow coefficient 

If an orifice meter IS used as flow-measurmg dev1ce, the mass flow rate equation 

IS 

The actual suction volumetric flow given by 

Q, =w. 
p, 

The flow coefficient used for similarity comparisons is 

2. Head coefficient 

Head coefficient can be used to describe the pressure ratio across a compressor 

from suction to discharge. 

Isentropic head 

H* = h; - h5 = h(pd,sJ- h(p5 ,T5 ) 

Actual head 

10 



which hd* is the enthalpy associated with the discharge pressure at suction 

entropy, Ss ,because the entropy change is zero. Isentropic enthalpy can also 

estimate by assuming ideal gas behavior by 
k-1 

h; "<p' .r; = c p, -T, . (;, ) • 

and the isentropic exponent k defined as 

In pd 

k = ___!5__ 
v 

In > 
VJ 

Polytropic head 

which the polytropic exponent nP defined as 

In pd 
I' PI n =--·-

v,. 
In - ·' 

vd 

the Schultz Polytropic Head Correction Factor, f is defined as 

Isentropic head coefficient 

H* 2H* 

Ill = U2 = (7rD,,Pw f 
2 

Actual head coefficient 

11 



Polytropic head coefficient 

H 2H 
lf/P_ u? =(mJ N\2 

/If' J 
2 

3. Compressor efficiency 

Isentropic efficiency 

H* 'II* ,. - = -
H If/ 

Polytropic efficiency 

r 

" 
[ n ~' l·[[ I~,J":, • -l]·l·Pv 

(nr - I) P, · ' ' 
HP 

= ---------=--------~~-----
H 

2.4 Operating Conditions 

Pressure 
at Meter 

\ 

Flow Rate• Temperature 
at Meter 

Suction 
Pressure 

Sample Line I Gas 
Chromatograph* 

Ambient Air ­
Patm 

Speed of 
Rotation 

Discharge 
Pressure 

_Lt"'geTemp 
Pd Td 

Figure 4: Schematic representation ofcentri{ugal compressor 
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1. Pressures 

Centrifugal compressors have a suction and discharge that is unobstructed to 

flow gas from a lower pressure to a higher pressure. The pressure ratio across the 

compressor 1s equal to the discharge pressure divided by the suction pressure. As 

the ratio increase, it will increased corresponding head and power required to 

perform the work. Increasing compressor suction pressure and reducing 

discharge pressure will increase compressor capacity. Discharge pressure should 

be mimmized without affecting gas plant performance. 

2. Temperatures 

If the suction temperature is reduced, the head will be less because this variable 

is in numerator. By reducing suction temperature will also reduce the actual inlet 

volume flow along with the power required. That is why some compressor 

employs a chiller at the inlet. Discharge temperature is a function of the 

compressor efficiency. The lower the compressor efficiency, more losses that 

will occur that will cause discharge temperature to increase. 

3. Mass or standard flows 

The performance curve flow rate is based on suction conditions. Changes m 

compressor suction conditions that increase gas density will reduce gas 

volumetric flow rate and raise compressor capacity. 

4. Gas composition 

The gas composition is comprised of all the individual gas constituents that are 

bemg compressed. Individual gas constituents that determine the gas molecular 

weight. As the molecular weight increases, the corresponding head decreases . 

From perfonnance map, if required head for a g1ven operating point 1s less, then 

the compressor can be operated at lower speed. 

13 



2.5 Thermodynamics of Gas Compression 

General descnptton of the thennodynamics of gas compression applies to any type of 

compressor. Working principles of gas compressors can be described using the first and 

second law of thermodynamics together with basic laws of physics. 

For a compressor receiving gas at certain suction pressure and temperature, and 

delivering it at certain output pressure, the isentropic head represents the energy input 

required by a reversible, adiabatic (isentropic) compressiOn. The actual compressor will 

require a higher amount of energy input than needed for the ideal compression. 

The first Jaw which describing the conservation of energy becomes: 

= ql2 + W,.12 (1) 

with q=O for adiabatic processes and gz=O as we assume it negligible. Enthalpy and 

velocity can be combined into total enthalpy by 

2 

h = h +:!'_ 
I 2 (2) 

W1•12 1s the amount of work that affect the change m enthalpy in the gas and related to 

required power, P by 

p mW.r2 (3) 

Power and enthalpy difference are related by 

P = m(h,.2 - h,_1 ) (4) 

For a perfect gas, with constant heat capacity, the relationship between enthalpy, 

pressures and temperatures is 

14 



(5) 

For an isentropic compression, the discharge temperature is determined by the pressure 

ratio 

(6) 

For an isentropic compress10n of a perfect gas, isentropic head, temperatures and 

pressures can be relate by 

(7) 

We can calculate the actual head (relates to amount of power need for the compression) 

and isentropic head for the compression by 

(8) 

(9) 

(10) 

The performance quality of compressor can be defined by comparing actual head with 

the ideal head (isentropic compression). This defines the isentropic efficiency 

D.h, 
'7, = D.h 

Second law of thermodynamic tells that 

(11) 

(12) 
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for adiabatic flows, there are no heat q enters or leaves, change in entropy describes 

losses generated in the compression process which come from friction of gas with solid 

surfaces and the mixing of gas of different energy levels. Therefore, an adiabatic, 

reversible compression process does not change the entropy of he system (isentropic). 

Equation for actual head implicitly includes the entropy rise ils 

(13) 

The absorbed gas power Pg (power transferred into the gas) defmed as 

(14) 

while the mechanical power P required to drive the compressor is the gas absorbed 

power increased by all mechanical losses defmed by a mechanical efficiency Tlm 

P = _1_ m. ilh = 1i1· ilh1 

1'/m 1'1m1'J; 

2.6 Real Gas Behavior and Equation of State 

for ideal gas at very low pressure can be described by 

!!._ = RT 
p 

( 15) 

(16) 

For high pressures natural gas compression, the compressibility factor Z is introduced in 

the equation 

P =ZRT 
p (17) 

The compressibility factor is a function of pressure, temperature and gas composition. 

The most frequently used equations of state for gas compression applications are 

Redlich-Kwong, Soave-Redlich-Kwong, Benedict-Webb-Rubin, Benedict-Webb-Rubin-

16 



Starling and Lee-Kessler-Pioecker. The most effective equation from computational 

point of view is the Redlich Kwong equation of state. This is because the solution is 

found directly rather than through an iteration. 

2.7 Redlich-Kwong Equation 

The Redlich-Kwong equation is given by 

p = RT _ a 
V- b V( V+ b)JT ( 18) 

P = pressure in atm V = molar volume in liters/g-mol T = temperature in K R = gas 

constant (R = 0.08206 (atm·liter/g-mol-K)) Tc = critical temperature inK Pc = critical 

pressure in atm 

where 

(19) 

b = 0.08664 (R~') 
(20) 

To determine compressibility factor 

PV z = 
RT (21) 

After consider algebra, equation 18 can be written in tenns of the compressibility factor 

as cubic equation 

3 2 
f{z)) = z - z - qz- r = 0 (22) 

17 



where 

2 r =A B (23) 

2 2 q=B+B-A (24) 

2 ( PR) A = 0.42747 r,n 
R (25) 

B = 0.08664(~~ 
(26) 

as a function reduced pressw-e Pr=P!Pc ,at various cases of reduced temperature Tr=Tffc. 

Equation 22 can be solved analytically for three roots. Some of these roots are complex. 

Considering only the real roots, the sequence of calculations involves the steps 

where 

-3q-l 
f= --"-3-

_ -27r-9q-2 
g- 27 

If C>O there is one real solution for z given by 

z = D+ E+ 1/3 

where 

rr 11 3 
D = (-g/2 + -.JC) 

rr 11 3 
E = (-g/2- -.JC) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

18 



If C<O, there are three solutions 

= 2 /-f [(~) + 2rt{k-l)J +! 
zk ~3ccs 3 3 3 k=1.2.3 

(33) 

where 

i/4 
~ = aca; 

(-l')/27 (34) 

In the supercritical region when Tr :2:10, two of these solutions are negative, so the 

maximal Zk is selected as the true compressibility factor. 

2.8 Polytropic Head 

Compare to other thermodynamic processes, a polytropic process consider changes 

in gas characteristics during compression. Polytropic compression process is typical of 

dynamic type compressor. In real time performance monitoring system, head is use for 

trending instead of using the efficiency. In this project, we will only deal with polytropic 

head as the scope of this project cover only centrifugal compressor. 

19 



3.1 Process Workflow 

CHAPTER3 

METHODOLOGY 

Research W'Otk on Centrifugal Compressor Performance 

Identification of parameters use for compressor performance 

Construct mathematical model of compressor performance 

Investigate sultable EOS to determine compressibility factor of gas, Z 

NO 

Calculate polytropic head for every data 

Plot result on the compressor performance map 

Analyze behavior of operating point plotted on the map 

Figure 5: Process workflow 

20 



3.2 Work Scope 

3.2.1 Data Gathering and Research 

Researches have been done first m order to understand basic principle of 

centrifugal compressor and also to investigate thermodynamic equations 

necessary in constructing mathematical model of centrifugal compressor. 

For performance analysis and simulatiOn purposes, data is acquired from 

respective plant. The data acquired represent real operating conditions of a 

centrifugal compressor. Operator A operating centrifugal compressor driven 

by gas turbine as gas compressor that are used in natural gas pipeline 

transportation which is installed on an offshore platform. 

3.2.2 Constructing Mathematical Model of Centrifugal Compressor 

Using related thermodynamic equations and assumptions, the author start 

to construct a mathematical model using Microsoft Excel 2008. Using 

necessary data acquired earlier as the inputs to the model, the author manage 

to simulate and trending the output for centrifugal compressor performance 

monitoring. 

3.2.3 Developing GUJ for Calculating Performance Parameters 

Using Visual Basic Application, the author develops an interface that can 

be used to determine compressibility factor, Z and polytropic head instantly 

by mserting necessary inputs. 

21 



3.3 Tool and Equipment Required 

3.3.1 Microsoft Exce/2008 

As stated before, the author makes a full use of Microsoft Excel to 

calculate perfonnance parameters by inserting mathematical equations into 

the cells. By using Microsoft Excel, calculations for all the data can instantly 

determined via a dragging tool. All simulations also can be done using this 

software. 

JJ2 Visual Basic Appltcation (VBA) 2008 

Using this software, we can develop GUI that will provide an interactive 

interface that will link with the excel workbook. 

22 



3.4 Construction of Mathematical Model of Centrifugal Compressor 

3.4.1 Data Acquired 

Below is hourly data acquired from a plant running centrifugal compressor 

on April 2010 for duration of 30 days. 

Table 2: Part of the data acquired from a plant 
----~---------, 01/04/201 

0 

32 32 32 32 32 32 

140 140 141 141 140 140 

1655 1661 25 1674.3 1636.87 1644.37 1646 25 

5687.5 5906.25 5878 12 5853 12 5875 5912 .5 
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3.4.2 Gas CompositiOn Calculation 

Using a set data of gas composition. the author key m the entire input 

which ts the percentage of composition for each type of gas into black row 

as shown below. By using function in excel, the total critical pressure and 

temperature. molecular weight and specific heat coeffictent are 

automatically calculated and shown in the yellow cells 

Figure 6: Gas composition calculation 
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3.4.3 Compressibility Factor, Z Calculation 

<> 
38 
39 
40 
41 
42 
43 
44 
45 

Compressibility factor, Z can be determined using compressibility 

factor chart provided by manufacturer. Using reduced pressure Pr and 

reduced temperature, Z factor can manually obtain from the chart. 

For the first data, reduced pressure and temperature are calculated as shown 

below: 

P1 (psia) 1679.67 Pr1=P1/Pc 
T1 (degR) 549.27 Tr1 =T1fTc 
P2 (psia) 5902.67 Pr2=P2/Pc 
T2 (degR) 743.67 Tr2=T21Tc 
Pc 676.4826 
Tc 3969596 

Figure 7: Reduced P and T calculator 
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By plotting Pr and Tr in the chart below, the value of Z during suction 1s 0. 74 : 

CO~IPRESSIBILITY FACTOR (Z) GPSA CH.t\R 

0.74 

.. 
! 
1 
.: 
l 
J • & : ..., 

~rMuOM "'--"· ,, 

J ' ' 
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For the ease of obtaining Z factor for bunch of data, the author has find another way 

using Redlich-Kwong Equation. 

Using variables calculated before, we can calculate compressibility factor Z usmg 

Redlich-Kwong equation of state. 

70 
71 
n 
73 
74 
75 

A 8 

P(atm) :.{C48'0.C68)+1.00<XX>0042 
T "C49+273.15 

R(l·atmg.fllO·K) =C50118831.94 
Tc(K) =C51'519 

Pe'atm) =C52i14 1 

c 

a =0427'7'!~50"2'BS1•(S/21'852 

b =0.08664'850'8511852 
Pr1 •8481852 
Trl =8491851 
r =06"062 
q =062'H~2·1l61 

AS(¥ =0.42747'057/(058"2 5) 
B =0.08664 '057 /058 
c =(06413)"3+(06512f2 
I =(-3'060-1)13 
g =(-27'069-9'060-2V27 
0 =IF(06~.(-06512+SQRT(063)f( 113).'1RRELEVA.'W) 
E1 =IF(063>0,{-06512-SQRT(063)). 'IRRa.EVANT") 
t =IF(063<0,(ACOS(SORT((D65'2J4 Y( .Q6t'JI27)))). 'IRRELEVA~ 
E =IF(~.((SIG'l(0671'(ABS(067))"(~1J))) .RIID.EVAW') 
r1 =IF(063<0,(2'SORT(-Oi4'3)'COS({OO&'J)HIJ! "rRRElEVANi") 
z2 =IF{063<0.(2'SORT( -D64'3)'COSI(06&J)+P'.)'213r 1t3) "RRElEVANr) 
r3 
10 

0.73968 

Figure 9: Compressibility factor Z calculator 
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3.4.4 Poll'lropic Head Calculation 

After compressibility factors, Z are calculated for both suction and discharge 

condition, pressure and temperature are inserted as inputs for head 

calculation. We need to make sure all the mputs are converted into units that 

applicable for respective formulas. The output, which is the head then 

calculated and shown m the yellow cell bellow. 

<> b---~A~--~----~8----==~~C~~D==~E~~-------F--------.I 
6 HIAD CAIJMATOR 
7 
8 
9 
10 
11 
12 
13 
14 

P1 (psla) 
T1 (degR) 
P2 (psla) 

T2 (degR) 
Pc 
Tc 

=C8+14.67 
'"=(C9' 1 8)+32+459 67 
-C10+14 67 . .. 
676.482617285657 
396.959667950~ 

1665 
32 
5888 
140 

15 .------------------------------~----------------------~ 16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

T2/T1 
P2JP1 

In a 
In b 

n(poly exp) 
z2lz1 
Zs 
zd 
Ro 

MW 

R 

Cpmx 
k 

Hp 

=811/89 
=810188 

=LN(818) 
=LN(819) 

=(F18'F32)/((F18'F32)-1) 
=8271826 
0.7397 
1.0754 
1545.32 

211746112282512 

72.9798523024 704 

9.6337671660766 
:834((834 -1 .986) 

ft.lbllb 

Np (poly eff) =LN((819"F31)YlN(818'825) 

Pr (Sucton) =881812 
Tr (Suction) =891813 
Pr (disc) =810/812 
Tr (Disc) =811/813 

ZsRT1 
n/(n-1) 
(n-1 )In 
(k-1 )lk 
k!(k-1) 

=826'832'89 
=824/(824-1) 
=(824-1 )1824 
=(835-1 )1835 
=8351(835-1) 

53268.689 1\.lb/lbl 

Figure I 0: Head calculator 
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3.4.5 Calculation .for One Month Data (hour/)·) 

As we got a huge amount of data (hourly in a complete one month) which is 

about 720 in total, it is more conventional to keep all the data in another 

sheet of excel where we only need to drag the formula, thus all the values 

required are calculated. Hence, all the formulas used are similar from the 

previous section. Below is part of Z factor calculation during suction: 

Figure If· Calculation ofZ factor during suction 
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Below 1s part of Z factor calculation during discharge : 

B c 0 
--------------~ -- ~-~ 

11')4.200 

Figure 12 · Calculation ofZ during dischwge 
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Using compressibility factor calculated before both for suction and discharge condition, 

head for each data is determined. Below is part of polytropic head calculation: 

Figure 13: Calculation of po(vtopic head 
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3.5 Developing GUI Using VBA 

To make the workbook in excel more interactive and user friendly, the author has 

utilize VBA to develop GUI, which look like a software called 'Compressor 

Performance Analysis Software,. 

3.5.1 Create a Form Using VBA 

Steps taken m constructing a form that used as an interface are: 

I. Create a new form in VBA. 

2. Create command buttons named: 

• Analysis I 

• Analysis 2 

• Performance Chart 

• View/Enter New Data 

• Calculate 

3. Create text boxes for process inputs and also results. 

4. Create labels for text boxes and name 1t respectively according to the 

function ofthe box. 

Process Inputs: 

• 

• 

• 
• 

Suction Pressure 

SuctiOn Temperature 

D1scharge Pressure 

Discharge Temperature 

Results: 

• 

• 

• 

Compressibil ity Factor, Z, Suction 

Compressibility Factor, Z, D1scharge 

Polytropic Head 
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Sl1ett2 {New Cor " 
ti gye13 (Pe.f CN 
tl~1 (Sileetl) 
ti 'h!etS (Z dlalt) 
fl~iData) 
fl :Rete IZ re<k:h 
I!) Sheoet9 (HEAD) 

fJ TltsWOIIt:ool-
i Forms 
~ t.lsetfcrml 

Form 

fwltStSI 

fwltsl$2 

Proctss lrp.t 

Suction Pressu• (PI) I 
Sudlon Teft'C) (TI)· ·I 
lllsdll'lessue (P2) I 

(T2) ~. 
... 

. . 

I ~ 
r 

psg 

deQC .. 
~ 

degC 

. ....... 

View I Enter ~ Data 

RO!Ii;s 

c~ Fact, z. Suction 

Button 

!:: 
_j 

[ --~· -· 
c~Fact,z.~~~· ·' I~· 

PcWrD!JCHead 
(ftblb) 

Figure 14: Construction of a form using VBA 

33 



3.5.2 Coding In VBA 

Coding are needed m order to link developed form with excel 

workbookBasic coding are used to link all the buttons, text boxes in the form to 

either sheets or cells in the excel workbook. 

• :J f010~ 

!IIMkrlll 
- :J l'ocUes 

4MoOJol 
.:: MooiAI!~ 
4 MooiJI!) 

.::~ 
4 Mooijo'S 

12 
F~ 

(Nmol 

Ot·,~t 

(Nmo) 

h:tuePilSUlll 7 l~i'll!Oief'\ 

2 
Tn.e 

Fnvate Sub C~uttoni_Cllckl) 

3h~et!!("lnaly~1sl") .Select 
End Sub 

Frtvate Sub (;annandButton2_ C 11ck D 

Anal {Sl n~crc 

Sh~~t:("Analy:n~ 2") .S~I~ct 

En:! Sub 

fr IVate S1:h ~ornndButtonl_ C llck () 

' pe.1 1110n e ~ a:t r.a~r~ 

Shl"l"t:("P,.rf ·~hllrt") .Select 
En~ Sub 

F llVate Sub COI:O!.alldBuuon~_ Cllck 1) 
[ 111' ~' 111 v~rk~ll<!et 

.,.Cells(ll, 18i."Jalue • Textfox1.7~xt 
ws.Cell! {l:, 16) .Value • TextBox:. Text 
•s.Cells(11, 18) .V~lu~ • Text Box). Text 
ws.Cell! ( lS, 16) .Value • TextBox'l. Text 

Figure 15: Coding in VBA 
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CHAPTER4 

RESULT AND DISCUSSION 

4.1 Operational Integrity 

Figure 16 shows the integrity of the compressor operation. By comparing points on the 

graphs above we can see a similar pattern. As we mcrease the compressor speed, thts 

will give a rise to other variables too. When the speed is lower down to certain values 

this will cause other vanables to drop. These theories are proved by pattern shown in the 

graphs above. From here we can say that the transmitters on the compressor works 

properly and the data produced is reliable to use for further analysis. 

Compressor Speed vs Time Volumetric Flow vs. Time 
I >til • • 1 1(1)),·}~···· 

~ ..,., - --J··-~: ~~\tit.« i *0 - . • "":-. j : 

Dlscharce Pressure vs. Time Suction Pressure vs. Tine 

'""' lOll 

Dlscharce Temperature vs. Time Suction Temperature vs. Time 

"'' •• 
"' 

i :~ \/-l.-v~~~Aft~ 
• UJ \ ~ /t;N. 'JI: 

us :~ ' 
.. . 

UJ 

o ~ m ~ ~ ~ ~ ~ ~ 

..... 

Figure 16. Evaluation ofoperattonal integri(l 
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4.2 Trending of Results 

Graph above shows that as the Z ratio increase. polytropic efficiency will decrease. 

From the graph we can see that there are two populations of data. This may due to 

the changes of load made by the operator. We can refer to speed of the compressor to 

see the variation of compressor load. Points plotted for polytropic efficiency 1s 

around 36°/o to 41%, which are quite low. This give mdication that the compressor 1s 

degrade may due to deposits from the workmg flu1d. From this graph the operator 

can plan when the next gas composition analysis 1s required. 

Z ratio vs. Np (poly eft) 
042 
0.41 

0.4 

0.39 
Q. 

0.38 z 
0.37 

036 
0.35 • 

0.34 J.._ 

1.3 1.35 1.4 1.45 1.5 1.55 1.6 

Z ratio 

L 

Figure ll: Graph Z ratio vs poll'tropic efficiency 

From figure 18. we can see the relationship between compressibility factor, Z during 

suctiOn with the polytropic head. As the compressibility factor during suction increase, 

polytroptc head will increase 
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Suction Z vs. Polytropic Head 
60000 

55000 
,..., 
.c 50000 
0::::::.. 
.c 
¢:! 45000 
...... 
c. 40000 ---- ---:c 

35000 

30000 --.--..---.....------.---.---, 
0.6 0 62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 

Z (suction) 

Figure 18 · Z1 (suction) vs Poll'fropic Head 

From figure 19, we can see vertical pattern which are operating points that regulate at 

almost the same temperate with different value of head. This indicates the temperature 

stability. Temperature will not change much in a short period, which is why we need a 

long term of data when we want to analyze the behavior of temperature change. 

Suction T vs. Polytropic Head 
60000 

55000 't 
,..., 
.c 50000 :::::.. 
.c 
.:! 45000 

I . 
~ I I . . 

...... 
c. 40000 :c 

35000 

30000 
525 530 535 540 545 550 555 560 

Tt(degR) 

F1gure 19: T1 vs Polvtropic Head 

From figure 20, above we can see two groups of data. This tndicates change of load 

during operation. 
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Suction P vs. Polytropic Head 
56000 
54000 

,..._ 52000 
,:::, 
::::::.. 50000 
,:::, 

¢:! 48000 
....... 46000 c. 
:c 44000 

42000 
40000 

1500 1550 1600 1650 1700 1750 1800 1850 1900 

Pl(psia) 

Figure 20: PI vs Polytropic Head 

From figure 21 we can momtor the required discharge pressure against head and also 

pressure stability. 

60000 1 
Discharge P vs. Polytropic Head 

55000 
....... ' ,:::, 
::::::.. 50000 ,:::, 

¢:! 
45000 ....... 

c. 
:c 

40000 

35000 

4800 5000 5200 5400 5600 5800 6000 6200 

P2(psia) 

Figure 21: P2 I 'S Po(vtropic /lead 

Same as Tl (suction), T2 (discharge) also have the same behav1or where the points 

regulate at same temperature for different head values. But compare to Tl, T2 will have 

greater value due to temperature rise during compressiOn process. 
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Discharge T vs. Polytropic Head 

....... 

.&J 

56000 ... 
54000 t 
52000 

c:::::.. 50000 
.&J 
~ 48000 
c: 46000 
:c 44000 

42000 
40000 -

700 710 
--~------r------r-----~ 

720 730 

T2(degR) 

740 

Figure 22: T2 vs Po~vtropic Head 

750 760 

l 
I 

From the graph below, operator can observe relationship ofQ and head to avoid surge. 

~---~olytr~-p;c~ead vs. Volume~ric ~low 
I 7000 -r--------------------------------------

6500 
....... 
~ • • I.J 6000 < 
'-' 
0' 

5500 

5000 r - r T • T -

40000 42000 44000 46000 48000 50000 52000 54000 56000 

Hp (ft.lbflb) 

Figure 23 Poh·tropic Head V\ Volumetric Flow ACFM 
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4.3 Compressor Performance Map 

All the head calculated from the data are plotted on the graph above. From the graph 

we can see that most of operating points are regulate at one area of the graph and 

near to optimum or design point which represent by the red curve line at the top. All 

the operating points are away from the surge !me which means the compressor 

operated at safe conditiOn and no chance for surge to occur. If the point start to reach 

the surge line. the controller will immediately send a signal to the surge valve to 

recycle some of the discharge flow to the suction hne. 

Compressor Performance Map 
70000 

60000 

50000 
:0 
~ 
!;,40000 • ptlfonnlnca CUIW It 9313 II PM 

1 
! 

• Alit G-.~· 

30000 

20000 / 

10000 

0 1000 2000 3000 4000 5000 1000 7000 IDOO IOCID 

Flow(Kfllll 

Figure 24: Compressor pe1jormance map 
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4.4 Compressor Performance Analysis Software 

A procedure has been prepared to assist a user in using this software. A sheet 

named 'MAIN PAGE' locates the procedure of the process and also a button named 

'GET STARTED' that link to the software window. 

; 

I Cit oau Cl 

~ ~ ·~ 

MAIN PAGE 
- - -~ 

Frgure 25: Procedure of using the wjiware 
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Click the 'GET STARTED' button and the software window will appears as below: 

Compressor Performdnce Andl~ls Soflwdre rs<"l 

Control Window I 
Ch.Yt NavioabOn 

~-' --------~~ ~~------~--f_~_~ __ e_c_hM __ t----~' 
Analysis 2 I v-/ Ente! New Data _j 

Note: drl. on ~ MVtOatlcn button to vtew analysis Md perf~mence chart 

Process Input Resuls 

Suct1on PresSI6e (PI) I PSIQ COI\lll' Fact, Z, SUction 

SUctlon Temp (TI) I deQC 
CO!fClr Fact, Z,Discharoe I . 

Disch PresS11e (P2) I PSIQ 

Disch Temp (T2) I deQC PolytropiC Head (ft .II/I>) 

. -
~ 

Note: Press "C!IIculate" button to view resuls once al par~ters entered Calcullte 

Figure 26: Compressor Performance Analysis Software window 
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As stated in the procedure, enter all necessary inputs into the white boxes. Then, user 

need to click 'Calculate' button in order for the software to calculate respective outputs. 

Less than a second, the results will show in the coloured boxes. 

Compressor Performance AnaiY5is Software ~\ 

Control Wlldow I 
Ch.Yt Navigation 

----------~----~--------~~ ~ ~-------~-f_~ ____ e_aw __ t------~~ 
Analysis 2 I Y1ew I Enter New Data I 

Note: Click on elher MVioation button to view analys1s cYld petfOfiMOCe chart 

Process InpU; Resuks 

Suction Pressure (P 1) 1665 pslg COIT1lf Fact, Z, Suction 

Suction Temp (TI) 32 degC 
COIT1lf Fact, Z,DischarQe l€j .o75<~ ! 

Disch Pressue (P2) 5887.5 pslg 

Disch Temp (T2) 140 deoC PolytropiC Head (ft.lbftb) 

Note: Press "Calruate" botton to view reds once all parameters entered Calruate 

Figure 27: Results using the first set of data 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

By monitoring the performance of the compressor, operator can achieve many 

outcomes. The most important purpose is to make sure the compressor is running 

within the design limit. By doing this, compressor can be guard from any destructive 

damage or mechanical failure. The operator also manages to control the load and 

flow of the compressor in order to prevent surge. Besides that, operator can plan 

when they should do composition analysis and troubleshooting due to unusual 

behavior from the trending. This may increase the efficiency of the compressor 

itself. 'Compressor Performance Analysis' software provides an interactive and user­

friendly interface for a user to calculate and analyze performance parameters. By 

having this software, operator will be able to determine polytropic head of operating 

point during real time operation. 

5.2 Recommendation 

Analyze the effect of gas composition on the centrifugal compressor 

performance. 
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APPENDICES 

Appendix A 

Calculation for Compressibility Factor. Z 

Data on 151 April2010 (Hour 1): 

Suction Condition 

• Pl=Ps=l665psig=l679.67psia 
• Tl=Ts=32 degC=549.27 degR 

Discharge Condition 

P2=Pd=5887 .5 psig=5902.17 psi a 
• T2=Td=I40 degC=743.67 degR 

Other Variables 

• Pc=676.48 psia 
• Tc=396.96 degR 
• Ro= 1545.32 ft.lbf/lbmole0 R = 0.08205846 L-atm/g-mol-K 
• MW=21.1746 lbm/lbmole 

Suction Condition; reduced pressure: 

Pr = p!_ 
1 Pc 

Pr = 1679.67 = 2.48 
l 676.48 

Reduced temperature: 

Tr""' r:. 
' Tc 

Tr = 549 27 = 1.38 
' 396.96 
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Other variables: 

a -0.4274{ Rt) 
a ~ 0.4274i 0.0820~~:6:~96.96'' ) ~ 45.1749 

b-0.08~~') 
b = O.OS664(0.08205846 X 396.96) = 0.03407 

676.48 

A 
2 

; 0.4274{ ;, l 
A2 =0.42747( 

2.4~) =0.471 
1.38 ::! 

B ~ 0.08664( i,) 
(
2.48) B ""0.08664 1.

38 
""0.1554 

r=A 2B 

r;:: 0.471 x 0.1554 = 0.07321 
2 2 q-B +8 - A 

f = -3q-1 
3 

f = - 3(- 0.2915) -1 = - 0.0418 
3 

-27r - 9q -2 
g= 27 

g = - 27(0.07321) -9( -0.2915)- 2 = -0.0501 
27 
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Since C > 0, so: 

z=D+E+ ~ 

z =0.36854 +0.03781+ ~ =0.73968 

Same calculation goes for discharge condition where at the end the results are: 

z = 1.029 

So compressibility factor for suction and discharge condition are: 

Zs=0.73968 Zd=l.029 
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Appendix B 

Calculation for Polytropic Head 

Data on 151 April 2010 (Hour 1) 

Suction Condition 

• Pl=Ps=l665psig=l679.67psia 
• Tl=Ts=32 degC=549.27 degR 

Discharge Condition 

• P2=Pd=5887 .5 psig=5902.17 psia 
• T2=Td= l40 degC=743.67 degR 

Other Variables 

• Pc=676.48 psia 
• Tc=396.96 degR 
• Ro= 1545.32 ft.lbf/lbmole0 R = 0.08205846 L-atm/g-moi-K 
• MW=21.1746 lbm/lbmole 

Suction Condition; reduced pressure: 

Pr = p}_ 
• Pc 

Pr = 1679.67 =2.48 
$ 676.48 

Reduced temperature: 

'r. T, 
J.f = -

' Tc 
54927 

Tr = - - =1.38 
s 396.96 
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Discharge Condition; reduced pressure: 

Pr .. pd 
d Pc 

5902.17 
Prd = = 8.72 

676.48 

Reduced temperature: 

Td Trd =-
Tc 
743.67 1 

Tr = = .87 
d 396.96 

Gas Constant: 

R= R_y_ 
MW 

R= 
1545

·
32 

=12.91ftlbf/lbmuR 
21.1746 

Isentropic Exponent: 

k = - Cpmu 
(Cpmir -1.986) 

9.633 
k = (9.633 -1.986) =1.

2596 

50 



Polytropic Efficiency: 

(1~596-1~ I 11596 

1n (
5902

.17,1679.67) 

Tl "" ] = 0.38257 
P In (743.67 549.27) x (1.029 0.73968} 

Polytropic Exponent: 

k 
T/p X (k -1) 

n - [ '7, • (k-~ ~]~ 
1.2596 

0.38257 X (
1

_
2596 

_
1
) 

n.. l =2.1685 
1.2596 1 

[ 0.38257 X (1.2596 -l) -

Polytropic Head: 

[( 
. 

)

(n -I J/ rJ l Z RT P.~ H = .\ . X -~ -1 
P (n -1) P, 

n 

_ 0.73968 X 72.9798 X 549:?7 X [(5902.17)Cl .l6R5-I)/1. l t>~ -11 = 53283.173ftJb/lb 
HP - (2.1685 -1) 1679.67 

'2.1685 
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<\PPENDIX C 
Gantt Chart for first semester 

Week 

• Suggestaon milestone • Process 
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::;antt Chart for second semester 

No Details 

ldentificatton of parameters 

Process 1111 
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