d 104

Journal homepage: https

Quarterly Scientific Journal of Technical and Vocational University

Autumn 2021, Vol. 18, No. 3, p. 55-77

karafan.tvu.ac.ir/?lang=en TVU

A.2021.130679 [2):20.1001.1.23829796.1400.18.3.3.

opER

®%¥ Original Research

E-ISSN: 2538-4430
ISSN: 2382-9796

Process Simulation and Extraction of Parameters
Affecting the Production Capacity and Efficiency of a
Combined Cycle Power Plant Unit (Case Study: Yazd
Combined Cycle Power Plant)

Mohamad Omidpanah*>, Seyed Amir Abbas Elomee2'’, Mehdi Ashtian Malayer3

1Assistant Professor, Department of Mechanical Engineering, Technical and Vocational

University (TVU), Tehran, Iran.

2Assistant Professor, Department of Mechanical Engineering, Yazd Branch, Islamic Azad

University, Yazd, Iran.

3MSc Student, Department of Mechanical Engineering, Yazd Branch, Islamic Azad University,

Yazd, Iran.

ARTICLE INFO

ABSTRACT

Received: 01.02.2021
Revised: 05.12.2021
Accepted: 05.17.2021

Keyword:

Combined cycle power plant
Thermodynamic modeling
Thermoflow

Media system

Heat Recovery Steam Generator
(HRSG)

Energy efficiency

*Corresponding Author:
Mohamad Omidpanah
Email: Momidpanah@tvu.ac.ir

Given the increasing importance of energy management,
optimizing power generation systems and reducing their energy
consumption are of great importance, particularly recognizing
the parameters affecting the performance of these units. In the
present study, ANSALDO unit was investigated as a combined
cycle unit commonly applied in Iran. To this end, the ANSALDO
unit of Yazd Combined Cycle Power Plants was modeled and
analyzed. This was followed by obtaining the efficiency and
production capacity of the power plant, determining the thermal
balance of all power plant equipment and investigating the
impact of effective parameters on gas and steam units. Based on
the findings, each gas unit of this power plant had a thermal
efficiency of 34% and a production capacity of 134 MW. When
these units were coupled to the steam unit in the design, the total
thermal efficiency of the power plant reached 50% and its
production capacity reached 422 MW. An examination of the
impact of effective parameters on thermal efficiency and
production capacity showed that increasing ambient
temperature decreased the thermal efficiency of power plant by
14%, which can be compensated by activating the evaporator
system and total production by 10 to 15 MW.
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Latitude 31.94°N
Longitude 54.04 °E
Altitude 1200 m
Wind Velocity 125 Kilometer per hour
Average 19
°C
Maximum 26
Ambient (Average) .3°C
Temperature Minimum 11
(Average) 4°C
Maximum 46
(Absolute) °C

1 Thermoflow
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Minimum -
(Absolute) 16°C
Average 32
%
- . 95
Humidity Maximum %
Minimum 13
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Natural Gas Gas Oil
METHANE (% MOLE) 84.55 DENSITY (kg/m3) 82010860
ETHANE (% MOLE) 992 CARBON RESIDUE (%WEIGHT) 01
PROPANE (% MOLE) 387 ASH (% WEIGHT) 001
1SO BUTANE (% MOLE) 037 ASH (% WEIGHT) 005
NORMAL BUTANE (% -
VoLE) 0.67 SULPHUR (% WEIGHT) 1
0,
NOR'\:AA(')-L'Z;JTANE % 0.09 LOW CALORIFIC VALUE (kJ/kg) 42700
NORMAL PENTANE (%
oLt 0.09 DIESEL INDEX 55
CARBON DIOXIDE (%
VoLE) 035 CETANE INDEX 50

04



OA-YY ¥ o)los ((1F ) VA (81,15 cole aolilald

vyt a0 b ol sy Zl Sl g (gudslyd (65 lwanmds

Natural Gas Gas Oil
NITROGEN (% MOLE) 0.09
MOLECULAR WEIGHT 19.17
LOW CALORIFIC VALUE
(kJ/sm3) 38154
DEW POINT (°C) -46.6
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Site Yazd Solar

HRSG
HP Section
Temperature of Water/Steam

1 Inlet/Outlet of Superheater 3 °C/°C  456.3/523
2 Inlet/Outlet of Superheater 2 °C/°C  390.8/464.9
3 Inlet/Outlet of Superheater 1 °C/°C  310.3/390.8
4 Inlet/Outlet of Economizer 4 °C/°C  282.7/306.2
5 Inlet/Outlet of Economizer 3 °C/°C 221822?7/

6 Inlet/Outlet of Economizer 2 °C/°C  179/212.8
7 Inlet/Outlet of Economizer 1 °C/°C  141.3/179
LP Section

Temperature of Water/Steam

Inlet/Outlet of Superheater °C/°C  180/236.5

2 Inlet/Outlet of Deaerator °C/°C  124.8/143.1
3 Inlet/Outlet of Preheater °C/°C

Pressure Drop of Water/Steam
1 Across Superheater mbar 1.2
2 Across Preheater mbar 0.4

; L H
Operating Pressure p p

1 Outlet of Final Superheater

bar 9.6 95.1

2 Drum bar 106 989
Pinch Point & Approach Point Temperature
1 HP °C 7.714.3
2 LP °C 18/37.3
Duct Burner
1 Outlet Temp. °C 612.1




oo 3 oby dumoliozze BA-YY ¥ o5leis ((1F+) VA (031,15 sole anliliad

O3 (oS 5 S ol5'g i gLl g b s yg8 oleMbl P Jguxr
Steam Turbine
Rated Capacity 159 MW
HP Turbine Stop Valve Inlet

Item No. Particular Units Value
1 Flow Rate ka/s 133.93
2 Press. bar 90
3 Temp. °C 520

LP Turbine Stop Valve Inlet

Item No. Particular Units Value
1 Flow Rate ka/s 18
2 Press. bar 8.5
3 Temp. °C 230

Exhaust Steam Pressure: 0.14 bar

el 00l 00ld Lz B Jauz 10 05 (oS 5 S 08955 35 95 Dl

33 oS F JSew o9 5 gl g 55 (w98 el D Jgur

Gas Turbine
Type: V94.2
Item No. Particular
1 No of GTs 2
2 Rated Power Output(kW) 154500
3 Turbine Inlet Temperature(°C) 1060
4 Efficiency at Rating Power Output (%) 0.339
5 Mass Flow rate at Compressor(kg/s) 505
. NOx= 25
6 Emissions (ppmvd) CO =10
7 Inlet Pressure Loss (mbar) 10
8 Outlet Pressure Loss (mbar) 75
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Site Menu: Site altitude 1200 m

Site Menu: Ambient temperature 19C
Site Menu: Ambient relative humidity 32%

—
i

T

Netpower 41 ml W
Net electric efficiencyLHV
Gen/Motor Powers: vawm of Gas Turbine(GT PRO)[120] power 132'0& kW
GenMotor Powers: Generator(1] of Gas Turbine(GT PRO)97 power 132505 kW
l[:] Gen/Motor Powers: Generator(3] nower 184575 W
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SYSTEM SUMMARY

Steam Property Fomulation - IFC-67
Ambiert pressuie = 08772 bar_Tempetatue =19C RH=327
Progiam revision date: Febnaary 25, 2013

Unit LHY. HHY
Nt fuel nput ] 834023 2335
Gross heat rate Tkl Awh] 7156
Net hea iate. [ 7303 9085
Gioss electic efficency U 5031
Net electic eficency [/ [EE) [
CHP efficiency It Lk
PURPA efficiency. 4 ]
Gross power | [kw] [ 419588
Net porver | ] ] ana
Total ausanes [kv/] 967
Net process heat oulput 0
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