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1. Mahmood Farzaneh Gord, Hossein Khoshnazar, “Valve fault detection
for single-stage reciprocating compressors ”, Journal of Natural Gas

Science and Engineering, vol. 35 pp. 1239-1248, 2016.
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! Capacity

2 Compressor efficiency
® Indicated power

* Brake power

> Volumetric efficiency
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! Turbulence

2 Shock waves

® Direct numerical simulation

* Reynolds average flow equation
® Large Eddy Simulation
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2 Finite difference
% Finite volume
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! Vibration analysis
2 Acoustic emission
® periodic event
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chambers(temperature and chambers(density and internal
density) energy)

Y
A

Inputs from neighbor elements
Calculate mass flow from and P g

to chambers T..P.,u.,m
A Set outputs for neighbor element
CalculateT o, P oo, U e, Tpg Ppg » U pa 1 (Tos  PpssUpssTpg Ppg »Upg )

No

02

Yes

Error calculation

No error (¢

Yes

C End )
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Fluid properties

C start )

4
Read compressor specifications

4
Guesses intermediate
pressure

4
First stage compressor:

-suction chamber

A

-Compressor cylinder
-Discharge chamber

> Air cooler

4
Second stage compressor:

A

-suction chamber
-Compressor cylinder
-Discharge chamber

No

error (&

Yes

( End )
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\ Read compressor specifications \

Cycle=0
-

v

If cycle-=0, guess control volumes initial condition T(0=0)R.(6= 0)'Tps (0=0) Prs (0= 0)'Tpd (0=0) Pra (0=0)

Else, set T.(0=0)P.(0= O)ers (0=0) Pos (0= o)erd (0=0) Pog (0=0) from previous cycle

N S

me = pcVo

ps = ppsv ps

Mpy = ppdvpd

6=0+d0

l

Calculate mass flow through suction and discharge valves

Calculate mass flow through suction and discharge lines
4 Calculate mass floe through leakage(holes on valve plate surface)

!

Claculate Tc, P yTpsx Pps erd ) de

Yes

No

error (¢

No
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Abstract

Reciprocating compressors find wide variety applications in industrial and domestic
purposes such as power plants, refineries, refrigeration systems and CNG Fuel stations.
These compressors use a huge amount of energy, thus reciprocating simulation is
crucial for not only for the reduction of wasting energy but also the reduction of
maintenance costs. According to previous research, one and zero dimensional
(thermodynamic) simulation is accurate and economical method for reciprocating
compressor modelling. Reciprocating compressors with accessory devices were
simulated in this thesis.  In the present study, thermodynamic simulation (zero-
dimensional) is used to investigate reciprocating natural gas compressor with suction
and discharge chambers. To this end, three control volumes including compressor
cylinder, suction, and discharge chambers with equivalent mass and energy equations
are investigated. Natural gas as a working fluid was simulated based on ideal and real
gas model. Natural gas thermodynamic properties were calculated with the AGAS8
equation of state. Results show that single-stage reciprocating compressor power
consumption for real gas model was predicted more than ideal gas model. But power
consumption per unit mass flow for the real gas model is lower than the ideal gas
model. Computer simulation for two-stage natural gas reciprocating compressor shows
that intermediate pressure for real gas model is lower than the ideal gas model.
Moreover, power consumption per unit mass flow for the real gas model is lower than
the ideal gas model. Double-acting reciprocating compressor study shows that entropy
generation per unit mass flow is much lower than that single-acting reciprocating
compressor. Finally, single stage reciprocating compressor with valves faults were
investigated based on ideal gas model. Results show that, suction valve fault leads to
premature opening of the suction valve and a delay in the opening of the discharge
valve. But discharge valve fault leads to a delay in the suction valve opening angle
premature opening of the discharge valve. Furthermore, results show that suction and
discharge temperatures increase for suction valve fault. In addition, with discharge
valve fault, discharge chamber temperature increases but its value is lower than the
suction valve fault. As a results, suction and discharge temperatures monitoring is an
effective method for compressor valve fault diagnosis.

Keywords: Multi-stage reciprocating compressors, Natural gas, Fault diagnosis,
Simulation, AGAS.
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