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Abstract

Gas turbines have become an attractive alternative for small
base loaded electric generation units. Simple cycle, advanced
design gas turbines have efficiencies approaching that of
conventional regenerative steam cycles, and combined cycle (gas
turbine with heat recovery steam generator and steam turbine)
have efficiencies exceeding those of steam cycles. PEPSE can be
used to model simple cycle, simple cycle with regenerator, steam
injection cycle and combined cycle gas turbine plants.

PEPSE sub models were developed to analyze the various
configurations of gas turbine cycles. The sub models were then
combined with larger models to analyze full combined cycle
plants. Electric generation, heat rates and thermal efficiency

were calculated from the PEPSE model output.




Introduction

Rochester Gas and Electric serves the Upstate New York area,
with corporate headquarters in Rochester, New York. Electric
generation consists of a 500MW nuclear plant, five (5) coal units
with a total output of 350MW, hydro-electric stations along the
Genesee River with a total output of 50MW, and two (2) 15MW gas
turbines. RG&E is also a partner with neighbor utilities for
200MW of oil fired generation and 150MW of nuclear. RG&E is a
member of the New York Power Pool and will supply the pool or
draw from the pool, depending upon the generating units
available. Currently the nuclear plants are base loaded, the
hydro plants will produce based upon the river flow, and the coal
units will load swing on economic reserve.

RG&E currently has studies underway in several areas where
gas turbines are being considered. The first is in the
evaluation of new generating units, where gas turbines are being
considered for the next increment of electric generation. Also
under study is the repowering of one of the existing pulverized
coal units with a gas turbine and heat recovery steam generator,
making a combined cycle plant. Cogeneration using gas turbines
is also being studied, with a third party providing steam and
electricity to current RG&E customers. PEPSE is being used to
help evaluate all of these gas turbine applications.

PEPSE Gas Turbine Models

A number of PEPSE gas turbine sub models were developed to

cover a wide range of gas turbine cycles, as follows:
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- Simple cycle
- Regenerative cycle
- Simple cycle with Heat Recovery Steam Generator
- Simple cycle with Steam Injection
- Combined cycle
Simple Cycle

The simple cycle gas turbine heat balance for a typical
30MW machine is shown in Attachment 1A. Air at atmospheric
conditions is compressed by the shaft driven air compressor.
Natural gas fuel is compressed and then fired in the
combustor. The high temperature and pressure exhaust is
then expanded through the turbine and exhausted at
atmospheric pressure. The pressure in the combustor varies
upon application, from 100 PSIG to 450 PSIG. The combustion
temperature varies from 1400°F to 2300°F. The higher
temperatures and pressure result in a cycle with higher
efficiency. The air to fuel ratio will determine the
combustion temperature. On a mass basis, 55 to 1 air to
fuel will result in a combustion temperature of
approximately 1800°F. The exhaust temperature is typically
900-1000°F, and represents most of the thermal losses from
the cycle. Simple cycle heat rates are typically 12,500
BTU/KWH with a cycle thermal efficiency of 27%.

The PEPSE schematic for this cycle is shown in
Attachment 1B. The gas turbine is a component type 9, with

the exhaust pressure and temperature specified to allow
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PEPSE to calculate turbine efficiency. The combustor is a
component type 70. The fuel compressor is a type 43 (motor
driven) and the air compressor a type 44 (shaft driven). A
type 61 fixed flow splitter is included to adjust the air to
fuel ratio. A control is included to adjust the splitter
"B" port flow to obtain the desired combustion temperature.
Operations are included to calculate a heat rate and cycle
efficiency.

Regenerative Cycle

The next sub model includes a regenerator to recover
some of the exhaust heat, as shown in the heat balance on
Attachment 2A. In this cycle the air leaving the compressor
is pre-heated by the exhaust gases prior to entering the
combustor, thereby reducing the fuel required to obtain the
desired combustion temperature. The exhaust gases typically
are reduced in temperature by 300°F, which improves the heat
rate to 9300 BTU/KWH and raises efficiency to 36%. A
measure of performance of the regenerator is the
effectiveness, which is the ratio of the actual temperature
rise of the air divided by the maximum available temperature
rise. This value is typically 85%.

The PEPSE schematic for this cycle is shown in
Attachment 2B. The regenerator is a type 20 heat exchanger,
with the exhaust gases on the tube side, the air from the
compressor entering the "S" port and the heated air leaving

at the "D" port. This allows the air temperature leaving
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the regenerator to be specified. To help the model
converge, a double ended source is included between the
regenerator outlet and the combustor inlet. This source
provides the expected air temperature for the first few
PEPSE iterations, then passes through the calculated
temperature. The air flow rate is fixed at a value
calculated from the simple cycle run, and fuel flow varied
to obtain the desired combustion temperature. An operation
is included to calculate the regenerator effectiveness.
Simple Cycle with Heat Recovery Steam Generator

A heat recovery steam generator is next added to the
simple cycle, as shown on the heat balance in Attachment 3A.
The exhaust products are used to produce steam, thereby
utilizing the heat and lowering the cycle exit temperature
to 300°F. This improves overall cycle efficiency to 77%.

The PEPSE schematic is shown in Attachment 3B. The
HRSG is a type 20 heat exchanger, with the exhaust gases on
the tube side, the feedwater entering at the "S" port and
the steam exiting at the "D" port. The heat exchanger is in
the performance mode, which allows the steam conditions
leaving the heat exchanger to be specified. A control is
added to adjust the flow leaving the source component to
produce the desired exhaust gas exit temperature.
Simple Cycle with Steam Injection

The output of the gas turbine can be improved by

increasing the mass flow through the turbine. This can be
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done by injecting steam into the turbine inlet to augment
the exhaust flow from the combustor, as shown in the heat
balance on Attachment 4A. This is done in applications
where excess steam is available. The addition of
approximately 6% steam (by mass) to the flow going to the
turbine improves the heat rate to 11,200 BTU/KWH.

The PEPSE schematic is shown is Attachment 4B. A type
50 mixer is used to mix the injection steam and the gases,
with the combustor exhaust going to the "IA" port and the
steam to the "IB" part. The addition of steam reduces the
temperature of the stream going to the turbine, so
additional fuel is fired to provide a higher temperature
leaving the combustor. A control on fuel flow is added to
produce the desired 1800°F temperature at the mixer outlet
versus the combustor outlet.
Simple Cycle with HRSG in Design Mode

The HRSG can be separated into a three (3) zone heat
exchanger, with separate economizer, evaporator and
superheater sections. To simplify the analysis, the
feedwater leaving the economizer is a saturated liquid, the
steam leaving the evaporator is a saturated vapor and all of
the superheat is added in the superheater. The heat balance
is shown on Attachment 5A.

The PEPSE schematic, shown in Attachment 5B, uses type
28 heat exchangers to model each of the 3 zones. The

physical dimensions and characteristics of each of the zones
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is input. Each zone has extended surface tubes, so the heat
transfer area can be varied with the same outside unit
dimensions. Additional double ended sources are added to
help the model converge.

* Combined Cycle

The last cycle considered is a combined cycle, as shown
in the heat balance in Attachment 6A. The steam produced in
the HRSG is expanded through a steam turbine to generate
additional electricity. This cycle maximizes the electrical
production. With a condensing steam turbine, the cycle heat
rate is 8800 BTU/KWH with a cycle efficiency of 38%.

The PEPSE schematic is shown in Attachment 6B. A
splitter is included to direct steam to the turbine or to a
process consumer. The steam turbine is modeled as a type 8
turbine, and a surface condenser is included. Operations
are included to calculate heat rate and cycle efficiency.

Applications

These models were applied to two studies currently underway
at RG&E. This first is a re-powering study of Unit 1 at RG&E
Russell Station. Unit 1 is a 46MW, non-reheat, pulverized coal
boiler which went on line in 1948. The study considers replacing
the boiler with a gas turbine and HRSG, thereby supplying steam
at the present conditions to the steam turbine (375,000 lb/hour,
1260 PSIA, 950F). The heat balance is shown in Attachment 73,
and the PEPSE schematic in Attachment 7B. This requires a gas

turbine of 103MW, resulting in total unit output of 149MW. The
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heat rate of the combined cycle is 7500 BTU/KWH, versus 8800 for
the steam cycle only. One interesting feature is that both heat
rate and output are improved by removing feedwater heaters from
service. The colder feedwater to the HRSG allows the exhaust
gases to be cooled to a lower temperature, and the steam turbine
output increases with the reduced extraction flow. The heat rate
improves to 7200 BTU/KWH with generation of 153 MW when bypassing
heaters 2 through 5.

A cogeneration combined cycle was also analyzed using PEPSE.
Attachment 8A shows the heat balance proposed by a vendor who
wants to sell electricity to RG&E and steam/hot water to a local
process consumer. The schematic shown in Attachment 8B was
developed to help analyze the cycle and determine the potential
electric/steam/hot water production.

Conclusions

The PEPSE output for various cycles was compared with data
from gas turbine vendors. 1In general, PEPSE predicts
approximately 10% less exhaust flow than that in the published
vendor data. Often the cycle is not fully characterized by the
vendor, so the comparison of stream conditions is difficult.
Further study of the vendor data may be required to reconcile the
differences in predicted cycle performance.

A summary of the various cycles is as follows:
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Cycle Gross Heat Rate Thermal Exhaust Output

Description BTU/KWH Efficiency, % Temp, °F MW
Simple 12,500 27 1,000 29.9
Regenerator 9,300 36 670 28.9
Simple w/HRSG 12,500 77 (1) 300 29.9
Steam Injection 11,200 63 (1,2) 300 35.0
Combined 8,800 38 (3) 300 42.6

Notes:

1) Assumes all steam produced is utilized.

2) Assumes 6% steam injection.

3) Assumes all steam is expanded through condensing turbine.
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List of Attachments

Number Description

1A Simple Cycle - Heat Balance

1B - PEPSE Schematic

icC - PEPSE Input File
27 Regenerative Cycle - Heat Balance

2B - PEPSE Schematic

2C - PEPSE Input File
3A Heat Recovery Cycle - Heat Balance

3B - PEPSE Schematic

3C - PEPSE Input File
4A Steam Injection Cycle - Heat Balance

4B - PEPSE Schematic

4C - PEPSE Input File
5A Design Mode HRSG - Heat Balance

5B - PEPSE Schematic

5C - PEPSE Input File
6A Combined Cycle - Heat Balance

6B - PEPSE Schematic

6C - PEPSE Input File
7A Repowering Study - Heat Balance

B - PEPSE Schematic

7C - PEPSE Input File
8A Cogeneration Study - Heat Balance

8B - PEPSE Schematic

8C - PEPSE Input File

[TWM\024]
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ATTACHMENT 1A

CONTAETY SUPPLY fx=n

EXHAUST

A PeooucTs —Pp O STACK
ATMOS. AIR 1000°F
4.7 P3IA Bo P3IA
B9°F, 0% RH 976G, 00O LB/HE
9590600 LB/HR
209,000 sSEFM
_\ GENERATOR
AR COMPRESSOR . 20 PoIA TURBINE 29.9mw
582 F
1800°F
R ¢ COMBUSTOR
170 PaIA
G8O'F
GAS COMPRESSOR » DRQIVER

i\ 4000 HP

NATURAL GAS
30O PSIA

SO °r

17,500 LB/HR
3TBES BTU /HR

GAS TURBMNE CYCLE
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LISTING OF INPUT DATA FOR CASE 1

~O O O LN e Lol by e

SIMPLE CYCLE GAS TURBINE (EXAMPLE NUMBER 1)
» CONTROL ON AIR FLOW TO PROVIDE 1800F TURBINE INLET TEMP
012000 25
010200 3,0,1,0.0
011010 1,2,5,0, 3600, 32000. , . 83, 45.,45.
011011 200, J330.
* TABLE SUPPRESSICN
020001 NOPRNT
020002 NOPRNT
020004 NOPRNT
020005 NOPRNT
020012 NOPRNT
020013 NOPRNT
020016 NOPRNT -
020020 NOPRNT
020021 NOPRNT
020022 NOPRNT
020023 NOPRNT
020025 NOPRNT
(020026 NOPRNT
020028 NOPRNT
020034 NOPRNT
020037 NOPRNT
020042 NOPRNT
¢ GEOMETRY INPUT
301020 320, U, 610,
501040 610, U, 310,
301060 610, B, 410,
301080 410, U, 710,
502020 321, U, 411,
502040 411, U, 710,
303020 710, U, 10,
303040 10, U, 311,
« TURBINE DATA
700100 9121 6
700104 15. 1000.
* SOURCE AND SINK DATA
703100 32
703110 30
703200 33 59. 14.7 2.E6
703203 AIR 6
703210 31 40. 17300.
703213 FUEL 21300. SSVL 44.5 C .754 H2 .234 N2 .012
+ COMPRESSOR DA
704100 44 1 120 1
704110 43 120. 1. .8
# SPLITTER DA
706100 61 0. 1 Eb
% COMBUSTOR DATA
707100 70 0 2 0 0.
¢ CONTROL ON EXCESS AIR TO PRODUCE DESIRED GAS TEMP
840100 WWFIXB 610 1800. 0. 1. TT 302
+ OPERATIONAL VARIABLES
870010 21300.
870020 1000,
870030 3412.
* CALCULATE GROSS CYCLE HEAT RATE
880010 wWW 202 ML OPVB | OPVB 4
880020 BKGRO 1 MUL OPVB 2 OPVB 5
880030 OPVB 4 DIV OPVB 5 OPVB 6
+ CALCULATE OVERALL CYCLE EFFICIENCY
880040 OPVB 5 ML OPVB 3 OPVB 7
830050 OPVB 7 DIV OPVB 4 OPVB 8
« PRINT OUTPUT VARIABLES
890100 'GENERATOR ELECTRICAL OUTPUT, MW
890101 BKGRO 1
890200 'GROSS CYCLE HEAT RATE, BTU/KWH?
890201 OPVB &
890300 'CYCLE THERMAL EFFICIENCY’
890301 OPVB 8
&

>

Pt ot Pt Pt Pt Gt e et
-«
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ATTACHMENT 2A

CONTACT SUPPLY ¢mcan

ATMOS
4.7 PSIA
59°F, GO %o RH
959,800 Ley/MHR 155 P
209000 SCPM 1000°F
971000 Q
AR COMPRESSOE . L \ GENERATOR
= TURESNE 28.9Mw
120 P
582°F 7

REGENERATOR \'[
, YA
TO STAacK <4 BoP \ \f __08.1

nz P
93>°rF

lllL COM BUSTOR |

GAS CcovpreEssOoRZ

NATURAL GAS
BO PSIA, GD°F
12,700 L /12

2.0 E8 BTU/HR

B&AS TURBINE W/REGENERATION
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CONTALT BUPPLY ¢a=n
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LISTING OF INPUT DATA FOR CASE 1

SIMPLE CYCLE GAS TURBINE WITH REGENERATOR (EXAMPLE NUMBER 2)
» AIR FLOW RATE EQUALS THAT OF SIMPLE CYCLE W/0 REGEN
s CONTROL DN FUEL FLOW TO PROVIDE 1800F TURBINE INLET TEMP

011010 1,2,3,0, 3600, 32000.,.85,435.,45.

0

011011 200. 350.

s TRABLE SUPPRESSION

020001 NOPRNT

s GEOMETRY INPUT

301020 320, U,
01040 410, Us
501060 610, B,

301080 410, U, 220

301100 220, D,
01120 322, U,
302020 321, U,
302040 411, U,
503020 710, U,
303040 10, U,
503050 220, T,
* TURBINE DATA
700100 91 2 1

6104
310,
410,
322,
710,
411,
710,

10,
220,
311,

b

700106 15.3 1000,
* REGENERATOR DATA

702200 20 935. .02 .02 .02

e e L e T N N T 7 R N ]
- D

% SOURCE AND SINK DATA

703100 32
703110 30

703200 33 59. 14.7 2.Eb

30. 13200,
703213 FUEL 21300. SSVL 44.5 € .754 H2 .234 N2 .
703220 31 900. 113. 9.58362E5

703203 AIR .4
703210 31 &0.

703223 AIR
703222 5

+ COMPRESSOR DATA
704100 43 1 120, 1.
704110 43 120, |

¢ SPLITTER DATA

.8

.8

706100 61 0. 9.58362E5
» COMBUSTOR DATA
707100 70 0 2 0 0.

s CONTROL ON FUEL FLOW TO PRODUCE DESIRED GAS TEMP
840100 WvSC 321 1800. 0. 1. TT 302
s OPERATIONAL VARIABLES

870010 21300,
870020 1000.
870030 J412.

s CALCULATE CYCLE HEAT RATE

880010 WW 202 MUL OPVB 1 OPVB 4
880020 BXGRO 1 MUL OPVB 2 OPVB 5
880030 OPVB 4 DIV OPVB 5 OPVB 6

+ CALCULATE OVERALL CYCLE EFFICIENCY
880040 DPVB 5 MUL COPVB 3 OPVB 7
880050 OPVB 7 DIV OPYB 4 OPVB B

+ CALCULATE REGENERATOR EFFECTIVENESS
880050 TT 110 SUB TT 108 OPVB
880070TT3048UBTT1080PV810

ATTACHMENT 2C-1



78
19

81

8

FHREAR

890100 'GENERATOR ELECTRICAL OQUTPUT, MW’
890101 BXGRO |

B0200 'REGENERATOR EFFECTIVENESS'
890201 OPVB 11t

890300 '6ROSS CYCLE HEAT RATE, BTU/KWH'
890301 OPVB 6

830400 'CYCLE THERMAL EFFICIENCY’

890401 0PVB 8

*
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ATTACHMENT 3A

CONTACT SUPPLY =m

BoILER FEEDWATER

200 P
80" r
144,000 LB HR
ATMOS
4.7 P1A EXHAUST PRODULCTS
uw._w [ A=Y 4 n_..\r 1000°F -
959,000 LBMHR 1I8.0 PSIA
209,000 SCFM 976 OO0 LB/ /HE > / TO STACK
/ 300 °F
HRSG [ o 5.0 P
AR compgessoe | \ GENERATOR
TUREMWE 299MwW
120 PDIA
B&2°F
3 160 P
1800°F BIDF
| COMBUSTOR v
PROCESS STEAM
120 PSIA
OO °F
GA3 (OMPRESSOoER

PerveR

NATURAL &GAS
BO PSIA

[0 4

17,500 LB/HZ
3.72E8 BTU/HE

GAS TURBNE CYCLE W/HRSG
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LISTING OF INPUT DATA FOR CASE !

VOO NP

SIMPLE CYCLE GAS TURBINE WITH HRSG (EXAMPLE NUMBER J)
¢ HRSG IN PERFORMANCE MODE
+ CONTROL ON EXCESS AIR TO PROVIDE 1BOOF TURBINE INLET TEMP
« CONTROL ON BFW FLOW TO PRODUCE J0OF HRSS BAS EXIT TEMP
012000 23
010200 3,0,1,0,0
011010 1,2,5,0,3600,32000.,.83:43.,43.
011011 200. 330,

020037 NOPRNT

020042 NOPRNT

+ BEOMETRY INPUT
301020 320, U, 610, I
301040 610, U, 310, I
301060 610, B, 410, I
01080 410, U, 710, A
302020 321, U, 411, I
02040 411, U, 710, TF
503020 710, Us 10, 1
303040 10, U, 210,
03060 210, T» 311,
304020 340, U, 210,
304040 210, D, 330,
* TURBINE DATA
700100 91216
700104 15.3 1000.
* HRSG DATA

702100 20 575. 0. .1 .02

¢ SOURCE AND SINK DATA

703100 32

703110 30

703200 33 59. 14.7 2.E4

703203 AIR .6

703210 31 40. 30. 17300.

;8%%})8%21300 S5WL 44.5 C .754 H2 .234 N2 .012
703400 31 80. 200. 130000.

% COMPRESSOR DATA

704100 44 1 120, 1. .8

704110 43 120, f. 1. .8

s SPLITTER DATA

706100 &1 0. 1.Eh

¢ COMBUSTOR DATA

707100 70 0 2 0 0.

« CONTROL ON EXCESS AIR TO PRODUCE DESIRED GAS TEMP
840100 WWFIXB 610 1800. 0. 1. TT 302

840109 8.ES 1.3E6

+ CONTROL ON BFW FLOW TO PRODUCE HRSG OUTLET TEMP

840200 wwvSC 340 300. 0. 1. TT 306

840209 1.E5 2.E5

¢ OPERATIONAL VARIABLES

870010 21300.

870020 1000.

870030 J412.

s CALCIRATE CYCLE HEAT RATE

880010 WW 202 ML OPVB 1 OPVEB 4

880020 BKGRO 1 MUL OPVB 2 OPVB 3

880030 OPVB 4 DIV DPVB 5 OPVB 6

¢ CALCULATE OVERALL CYCLE EFFICIENCY

880040 BBSTRM ADD OPVB 4 OPVB 7 8-19
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880070 OPVB 9 DIV OPVB 7 OPVB 10 -
+ PRINT OUTPUT VARIABLES

870100 'GENERATOR ELECTRICAL OUTPUT, MW'
890101 BKGRO 1

890200 'GROSS CYCLE HEAT RATE, BTU/KWH*
890201 OPVB 6

890300 'CYCLE THERMAL EFFICIENCY?
890301 OPVB 10

s
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ATTACHMENT 4A

CONTACT UPPLY ‘—

ATMOD

147 PSIA
89°F, GOV RH
908 000 LB HR
197000 SCFM

AR coMpRESSOR

LA

v

@MpEESSoT

/

20 PSIA
o'oY Ad o

EXHAUST PRODUCTS

BOILER FEEDWATER
80°rF
200 P
151,000 L& MR

TO STACK

1000 ° F
15.3 PSIA
976000 LB /HR  /

.\ [eeNezajoe
ﬁ 250 Mw

0,000 LB /M

\v

300°F
150 P

180 P
675°F

NATUZAL GAS
BO PSS A

- 920

18400 LB/HR
BIDEDS BTUMHR

PEIvER
4300 HP

101,000 LB/ HR

PROCESS STEAM

GAS TURBINE CYCLE W/HRS® = STeanm

INJECTION
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LISTING OF INPUT DATA FOR CASE 1

SO0 O~ LB Gd D s

SIMPLE CYCLE BAS TURBINE WITH HRGS AND STEAM INJECTION

+ (EXAMPLE NUMBER 4)

+ TOTAL MASS FLOW RATE THROUSH TURBINE EQUAL TO SIMPLE CYCLE
+ CONTROL ON FUEL TO PROVIDE 1BOOF TURBINE INLET TEMP
+ CONTROL ON BFW FLOW TO PRODUCE J0OF HRSG GAS EXIT TEMP

012000 23
010200 3,0,1,0,0
011010 1,2,5:0,3600,32000. +.85.45.+43.
011011 200. I0.

» TABLE SUPPRESSION
020001 NOPRNT
020002 NOPRNT
020004 NOPRNT
020005 NOPRNT
020013 NOPRNT
020015 NOPRNT
020020 NOPRNT
020021 NOPRNT
020022 NOPRNT
020023 NOPRNT
020025 NOPRNT
020026 NOPRNT
020028 NOPRNT
020034 NOPRNT
020037 NOPRNT
020042 NOPRNT

s GEOMETRY INPUT
301020 320, U, 610,
501040 610, U, 310,
301040 610, B. 410,
501080 410, U, 710,
302020 321, U, 411,
302040 411, U, 710,
03020 710, U, 510,
303030 510, U, 10,
303040 10, U, 210,
03060 210, T, 311,
304020 340, U, 210,
304040 210, D, 420,
304050 620, B, 310,
304060 620, U, 330,

0010091216

730106 15.3 1000,

¢ HRSE DATA

702100 20 573. 0. .1 .02
* SOURCE AND SINK DATA
703100 32

703110 30

703200 33 59. 14.7 2.E6
703203 AIR .6

703210 31 60. 30. 17300.

>

et g et TI) bt =] bt bt Pt bt Bad Pef Bk P
™M

703213 FUEL 21300. S55VL 44,5 C .758 H2 .234 N2 .012

703300 30

703400 31 80. 200. 130000.
» COMPRESSOR DATA

704100 44 1 120, 1. .8
704110 43 120. 1. 1. .8

+ MIXER DATA

703100 50 1

¢ SPLITTER DATA

706100 61 0. .9077ES
706200 &1 0. 5.E4

» COMBUSTOR DATA

707100 70 0 2 0 0,

* CONTROL ON FUEL TO PRDDUCE DESIRED 6AS TEMP
840100 WWVSC 321 1800. 0. 1. TT 303

» CONTROL ON BFW FLON 7O PRODUCE HRSG OUTLET TEWP
840200 WWVSC 340 300. 0. 1. TT 306

840209 1.E5 3.ES

+ OPERATIONAL VARIABLES
870010 21300.

870020 1000.

870030 3412.

« CALCULATE CYCLE HEAT TAE;

830010 WW 202 ML OPVB VB 4

ATTACHMENT 4C-1
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880020 BXGRO 1 MUL OPVB 2 DPVB 5
880030 OPVB 4 DIV OPVB 5 OPVB 6

s CALCILATE OVERALL CYCLE EFFICIENCY
880040 BBSTRM 402 ADD OPVB 4 OPVB 7
880050 OPVB 5 ML OPVB 3 OPVB 8
BB00s0 OPVB 8 ADD BBSTRM 404 OPVB 9
880070 OPVB 9 DIV DPVB 7 OPVB 10

¢ PRINT OUTPUT VARIABLES

890100 'GENERATOR ELECTRICAL OUTPUT, M°
890101 BKGRO 1

BF0200 *6ROSS CYCLE HEAT RATE, BTU/KW’
80201 OPVB 6

830300 *CYCLE THERMAL EFFICIENCY?
890301 OPVB 10

*
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ATTACHMENT 5A

CONTACT BUPPLY ===

ATMOS

14.7T PoIA
89°F, €0 % rH
989000 LB /MR
209000 BCFM

AR COMpPRESSOR

GAS @OMpEZESSOR

/

120 PSIA
~82°F

NATURAL GAS
B350 POIA

Gom

1IZooco LB/He
BDIBES BTU /MR

380°F
x-1.O

EXHALIST P@OULCTS _
LV

1000 °F
150 PSia /
Q@booc@fn

-\ SENEZATOZ
TURBINE 299 Mv
180 P
B7D°F
1800°F
PROCESD TTEAM
oRrIVeR
4000 HP

BOILER FEEDWATER

200P
80°F
144,000 LB HR

©w STACK

AT2°F

BAS TURBINE TYCLE W/ HRSG N DESIGN

HEAT BALANCE
MoDE
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LISTING OF INPUT DATA FOR CASE 1 -

EREERNEEEIFEGRUR S S vovar et -

N

FA RN S e LS SR LR SR UFH LR R RSSO S EE Y HRUR YRR

SIMPLE CYCLE BAS TURBINE WITH HRSG (EXAMPLE NUMBER 3)

CONTROL ON EXCESS AIR 7D PROVIDE {BOOF TURBINE INLET TEMP

*
» HRSG IN DESIGN MODE (3 ZONE)
*

ADDITONAL DOUBLE ENDED SOURCES ADDED TO HELP CONVERGENCE
» CONTROLS ON HRSG SURFACE AREAS TO PRODUCE DESIRED BAS TEMPS

012000 25

010200 3,0,1,0,0

011010 1,2, 5,0,3600 32000. 1. 85,45.,45.
011011 200.

s TABLE SQPPRESSICN

s - -

=
>
N
—
[
et ] St = el ] g ) Samt (1Y Gt €I Pt trd Donep pncll e e Bt

70010091216
700106 15. 1000,
s HRSG DATA
¢ ECONOMIZER
702110 28 1 150000 200. 230.
702114 2 0 3 15, 6. 12 4. 23. 4. 1.9
702115 2. 12, 2.5 0. 925, 0. 0. G
702116 0. 30000,

* EVAPORATOR
702120 28 1 130000. 190. J30.
702128 2 0 3 15. 6. 12 10. 25, 1. L. 9
702125 2. 12, 2.5 0. 0. .9 25 0 0.
702126 0. 12000,
% SUPERHEA

TER
702130 28 1 150000, 180, 373,
702134 2 1 3 13, 4. 12, 4. 25. 4. 1.9
702135 2. 12, 2.5 0. 0. .9 23, 0. 0. O.
702136 0. 1100,
¢ SOURCE AND SINK DATA
703100 32
703110 30
703200 33 59. 14.7 2.E6
703203 AIR .6
703210 31 60, 30. 17500.
703213 FUEL 21300, SSVL 44.5 C .754 H2 .234 N2 .012
703220 31 0. 199. 1442635,
703222 5 8-27
703230 31 1. 198. 144265,
703232 5
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703240 31 934. 15. 976062,

703242 5

703243 COZ .04953 H2D .04371 02 . 15660 N2 75016

703250 31 472, 15. 976062,

703252 5

703253 £02 .04953 H20 .04371 02 . 15660 N2 .75014

703300 30

703400 31 80. 200. 144243.

& COMPRESSOR DATA

704100 44 1 120, 1, .B

704110 43 120. 1. 1. .B

* SPLITTER DATA

706100 61 0. 1.E6

+ COMBUSTOR DATA

707400 70 0 2 0 0.

» CONTROL ON EXCESS AIR TO PRODUCE DESIRED GAS TENP

840100 WWFIXB 610 1800. 0. 1. TT 302

+ CONTROL ON SUPERHEATER AREA

840200 AATIRH 213 934. 005 1. TT 306

500 1300,

* CONTROL DN EVAPORATOR AREA

B40300 AATIRH 212 472. .01 1. TT 308
840309 12000. 13000,

» CONTROL ON ECONOMIZER AREA

840400 AATIRH 211 300. .01 1. TT 310
840409 28000, 32000.

s OPERATIONAL VARIABLES

870010 21300,

870020 1000.

870030 3412.

¢ CALCLEATE CYCLE HEAT RATE

880010 WW 202 MUIL OPVB 1 OPVB 4
830020 BKGRO 1 ML OPVB 2 OPVB 5
880030 0PVB 4 DIV OPVB 5 0PVB 6

s CALCULATE OVERALL CYCLE EFFICIENCY
8B80040 BBSTRM 408 SUBBBSTRH4020PVB7

9
880070 OPVB 9 DIV OPVB 4 OPVB 10
¢ CALCULATE HRSS LMTD VALUES
880100 HTTURH 211 ML AATIRH 211 OPVB i}
880110 BBHXFL 211 DIV OPVB 11 OPVB 12
880120 HTTURH 212 MUL AATIRH 212 OPVB 13
880130 BBHXFL 212 DIV OPVB 13 OPVB 14
880140 HTTURH 213 MUL AATIRH 213 OPVB 15
880150 BBHXFL 213 DIV OPVB 13 OPVB 16
% PRINT OUTPUT VARIABLES
890100 YGENERATOR ELECTRICAL QUTPUT, MW
890101 BKGRO 1
890200 '6ROSS CYCLE HEAT RATE, BTU/KWH'
870201 OPVB &
890300 'CYCLE THERMAL EFFICIENCY!
890301 OPVB 10
870400 'ECONOMIZER LMTD. F°
830401 DPVB 12
890500 'EVAPORATOR LMTD, F'
890501 O0PVB 14
B30600 ' SUPERHEATER LMTD, F°
890601 OPVB 14
¢
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ATTACHMENT 6A

CONTACT SUPPLY ¢

BOILER FEEDWATER

200 >
80°F
ATMOSD 144000
14.7 Pota airde

B9°F, 6OXRH
959,000 LB/HE
209,000 SCrMm

(W)
g
T0 StacK J
1000 " ¥
193 POIA
v 80P
DR REDSOR [s X4 o
(= B < [, -\ GENEZATO R Q
ﬁ 299 mw M .
120 PSIA 1800°F W
582°F .An
v 3
GENEZ ATO
= coMBUSTOR —- TURESINE. 12.7 MW
X« .9t
7 o} PStA BSP
OO

GAS OmPRES SO

—~ DEIvER

.ﬂ/o\. 4000 HP

TO CONDENSATE PUMP €4—
t
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LISTING OF INPUT DATA FOR CASE 1

~O N0 L b e

COMBINED CYCLE (GAS TURBINE WITH HRSG AND STEAM TURBINE)

+ (EXAMPLE NUMBER 6)
% GAS TURBINE IS SIMPLE CYCLE (NO REGENERATOR)

+ CONTROL ON EXCESS AIR TO PROVIDE 1B0OF TURBINE INLET TEMP

» CONTROL ON BFW FLOW TO PRODUCE 300F HRSG 6AS EXIT
012000 25

010200 2,3,2,1.0

011010 1,2,3,0, 3600, 32000. .85, 45.,45.
011011 200, 330.

011020 2,2,5,0, 3600, 23000, , . B3, 45. ,43.
011021 100. 200.

¢ TABLE SUPPRESSION

020001 NOPRNT

020002 NOPRNT

020004 NOPRNT

020042 NOPRNT

+ GEOMETRY INPUT
501020 320, U, 410,
501040 610, U, 310,
501040 610, B, 410,
501080 410, U, 510,
502020 321, U, 411,
302040 411, U, 510,
503020 510, U, 10,
03040 10, U, 210:
03060 210, T, 311,
504020 340, U, 210,
504040 210, D, 611,
504060 411, B, 313,
504080 411, U, 1f,
504100 11, U, 110,
504120 110, D, 330
303020 322 Ur 110,
503040 110, v 312,
» BAS TURBINE DATA
700100 91216
700106 15.3 1000,

* STEAM TURBINE DATA
700110 822050110,

700818 .73 .3

» CONDENSER DATA

701100 10 0 2 0. .3

s HRSG DATA

702100 20 973. .1.02

s SOURCE AND SIM( DATA

703100 32

703110 30

703120 30

703130 30

703200 33 59. 14.7 2.Eb

703203 AIR

703210 31 60 17500,

703213 FUEL 21300 SSVL 44,3 C .754 H2 .234 N2 .012
703220 31 54. 30. 7.5E6

703300 30

703400 31 80. 200. 150000,

s COMPRESSOR DATA

704100 44 1 120, 1. .B

704110 43 120. 1. 1. .8

» COMBUSTOR DATA

705100 70 0 2 0 0.

s SPLITTER DATA

706100 41 0. {.E6

706110 41 0. 0

M >

Ot o o LD 0t Bt et (] 4t ] Bk St Dt bod Bt et Pt

TEMP
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« CONTROL ON EXCESS AIR TO PRODUCE DESIRED GAS TEMP
840100 WWFIXB 410 1800, 0. 1. TT 302

+ CONTROL ON BFW FLOW TO PRODUCE HRSG CUTLET TEMP
840200 WWVSC 340 300. 0. 1. TT 306

B40209 3.E4 2.ES

¢ OPERATIONAL VARIABLES

870010 21300.

870020 1000.

B70030 3412.

880070 BBSTRM 404 ADD OPVB 9 OPVB 10
880080 OFVB 10 DIV OPVB B DPVB 11

* PRINT OUTPUT VARIABLES

870100 'GAS TURBINE GENERATOR OUTPUT, MW’
890101 BKGRO 1

870200 'STEAM TURBINE GENERATOR DUTPUT, MW?
890201 BKGRO 2

890300 'TOTAL ELECTRICAL OUTPUT, MW
890301 OPVB 5

890400 'BROSS CYCLE HEAT RATE, BTU/KWH’
890401 OPVB 7

BR0500 *CYCLE THERMAL EFFICIENCY’

890501 OPVB 11

]
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LISTING OF INPUT DATA FOR CASE !

~0 00 ~J O~ U 33 0ol B e

AN Sa S ob At N L A BT R rh S P A LS P

.
for

oA

RGYE RUSSELL STATION UNIT 1 COMBINED CYCLE PLANT

* MODEL INCLUDES THE FOLLOWING:

* GAS TURBINE WITH HRSG REPLACES BOILER
* SCHEDULE FOR HEAT INPUT FROM H2 COOLER

» SCHEDULE FOR GENERATOR LOSSES

* SCHEDULE FOR TURBINE EXHAUST LOSS USING ANNULUS VELOCITY AND GE-2007C
¢ SPECIFIED COEFFICIENT *A’ FOR EXTRACTION LINE PRESSURE DROP

» SPECIFIED LEAKAGE COEFFICIENTS SPLITTER FLOWS

* SPECIFIED TURBINE EFFICIENCY FACTORS

s CALCULATION FOR CYCLE HEAT RATE
s Convergence Criteria
012000 25 50, 50. 0. 0. 0. 0 1.ES

% Table Suppression

020001

020002 NOPRNT
020004 NOPRNT
020005 NOPRNT
020006 NOPRNT
020007 NOPRNT
020009 NOPRNT
020010 NOPRNT
020011 NOPRNT
020012 NOPRNT
020013 NOPRNT
020014 NOPRNT
020015 NOPRNT
020016 NOPRNT
020017 NOPRNT

020042

01020023210

010201 3

011010 1 2 5 0 3500 100000. .B5 45. 49.

011011 600. 1100,

011020 2 2 1 0 34
011021 -300. 563

+ GEOMETRY

* GAS TURBINE STREAMS
S00600 350

U,

500620 430, U, 700, IF

300700 350, U,
200720 670, U,
500740 670, B,
00760 440, U,
500800 700, U,
300820 80, U,
500840

v

230, T
s MAIN STEAM AND
500980 300,

Us

300
501000 250, D,
301020 600, U,
301040 340, U»
501060 605, U,
301080 10, U,
501100 610, U,
1120 20, U,
501140 30, U,
01180 40, U,
501180 50, U,

430,

470,
370,

1

250,
600,
340,
603:

10,
610,

00 47058. .BS 43. 45,

I

Pt et Py

IA

1

1

2 TER STREAMS

Pt Bt Bt e Pt g o P Bt ek

g
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FRS

301200 560, U, 404
01220 40, Uy 70,
501240 70, U, 100,
9012560 100, D, 400,
901280 400, U, 210,
901300 210, T. 2204
301320 220, T» 225,
01340 225, T, 110,
01360 110, T, 120,
01380 120, T, 130,
01400 130, T, 535
01420 315, U, 420,
01440 420, U, 140,
01450 140, T, 150,
301480 150, T, 330,
¢ EXTRACTION STREAMS
302000 20, E, 150,
202100 30, E,» 555,
202150 555, U» 140,
202200 40, Es 130,
02300 50, E. 120:
302400 &0, E

s PACKING LEAI((FF LIIES
903000 405, B, 445, I
203050 645, U, 545, IB
03100 445, B, 530, IA
03200 610, B, 640, 1
03250 640, U, 545, IA
03300 650, B, 50. IB
503400 545, U, 359, IB
503450 550, U, 560, IB

¢ OTHER SPLITTER LEAKOFFS
504000 600, B, 225, §
* DRAIN LINES

203000 225, D, 335, IB
503050 110, D, 535 IA
505100 120, D, 110, D
05150 130, D, 410, !
309200 410, U, 513, IB
3250 140, D, 130, D
305300 130, Dy 140, D
05350 535, U 100, D
* HISCEU.PIEUJS LINES
306200 310, Us 100, T

A e e D e e

mmw;m e f e e

¢ STEAM TURBINE DATA

700108 .982014

700200 7201 11 0. 1000, 1431,
700300 721111

700400 721 1110, 154. 1275, 325900.
700500 721111
700600721112
700700 7 23012

* FW HEATER DATA

701000 10 1 2 0. -1.

701100 16 1 &0 2 ¢. 5. 10.
701200 16 0 50 2 0. 5. 10.
701300 17 1 40 2 0. §

701400 18 1 30 2 0. 2. 10.
701500 18 0 20 2 0. -1.5 10,

¢ HEAT EXCHANGER DATA
702100 27 0.

702200 27 3.04Eh

702250 20 0. 0. 0. (1) 0. 0. 0. 14.

704000 41 150. 1, 1. 1. 0. 0.
704100 41 150. 1. 1. 1. 0. 0.

704200 41 1500. 1. 1. 1. 0. 8.

704300 43 175. 1. 1. .8
704400 44 1 175, 1. .8

¢ SO0URCE, SINK AND VALVE DATA
703000 33 175. 1400 375000,
703100 31 47. 33, 1.25€7
703200 30

703300 32

703400 35 -2. -2,

. 307. 1336.5 340420, 154, 14520.

0
0
0. 56,5 1198.4 306020, 26.1 17430.
g 26,1 1150.1 290750, 4.43 22210.

.45 1088, 268540, -1, 0. 20.67 0. 0. 0. 0. 0. 3 21.9

~2. .3 1263, 1468.12 375000.

ATTACHMENT
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703500 31 59. 14.7 2.E7
703303 AIR
703600 31 £0. 100. 52000.

703603 FUEL 21300. 5SVL 44.5 C .754 H2 .234 N2 .012

703700 30

703800 30

» MIXER DATA

705150 S0 1

705350 51

705430 50 1

703500 S0 1

709550 50 1

705600 51 1

« SPLITTER DATA
706000 &1 0. 700.
706050 48 0. 17.6978
706100 64 362.351
706450 68 0. 31.0595
706600 64 369.474
706700 &1 0. 2.6266
+ COMBUSTOR DATA
707000 70 0 2 0 0.
+ STREAM DATA
602000 2 .0599
602100 2 0597
602200 2 0602
502300 2 .0513
402400 2 .0698
256020056 CLOSE
#502156 CLOSE
+602204 CLOSE
2502306 CLOSE
3602406 CLOSE

+ CONTROL ON EXCESS AIR FOR GAS TURBINE IMLET TEWP

840100 WWFIXB 670 2000. 0. 1. TT 80

s CONTROL DN FUEL RATE FOR STEAM TEMPERATURE
840200 WWVSC 360 930. 0. 1. TT 100

» DEFINE TURBINE EXHAUST LOSS

870310 0.

870320 150300.

870330 .87

870340 1.

870330 .45

=B
553
%

880140 OPVB 13 ML OPVB 12 OPVB 14
880150 OPVB 14 DIV OPVB 32 OPVB 15
800100 EXHAUST LOSS V5. ANNULLS VEL!
810101 128, 150. 175. 200. 250. 300. 330. 400.
810111 0. 25.6 20.6 16.1 12.8 8,83 5.53 4.0

4 »
810102  350. 600. 650. 700. B0O. 900 1000. 1100.
25.6 32.0 4

810112  4.57 8.45 10.9 13.6 19.4
830100 1 OPVB 16 OPVB 15

880200 CPVB 20 ML OPVB 12 OPVB 21

880210 OPVB 21 MUL OPVB 19 EXUSLS 70

+ DEFINE GENERATOR LOSSES

800200 *GENERATOR LOSSES!

810201 10. 15. 20. 25. 30. 35, 40. S0,
810210 0. 323. 344, J74. 412, 457. 507. S544. 5b4.
830200 2 BXELEI 2 BKTURB 2

+ DEFINE HYDROGEN COOLER HEAT INPUT

800300 'HYDROGEN COCLER HEAT'

810301 9.9 20.9 31.1 40.6 45.4
810310 0. 2.16E6 2.38E6 2.77Eb 3.12EhH 3.46EL
830300 3 BBHXGR 220 BKGRO 2

+ CALCULATE GROSS CYCLE HEAT RATE

870010 21300.

870020 1000.

870030 3412,

880010 WW 60 MUL OPVB | OPVB 4
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239 890020 'GROSS GENERATION. MW’
240 890021 OPVB 5

28] s

242,
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ATTACHMENT 8A

MATLRAL GAS

20,400 Q

GOF

o

4.55E8 BTY
HR

looo Q
2,157 BTu

LEGEND ©

HP STM. 176000 Q

Q = FLOW RATE N LBS MR
F = TOMPERATURE , °F

P = PRESSURE, PSiA
H= ENTHALPY, BTU/LB

GENERAS
18.0 Mw

T70F

19,400 Q a5
4.13€8 BTW desr
HR H.P ST™M. INJECTION 1411 H
1200
LR 3™ T o™
1P 3™ mMJECTION & L.P o™ PROCESS TJURBINE
300 q
2900 Q 4900 @ EXTRACTION STM.
1250 M
2 24,700Q g2
0B r hees 168,000
HnoTH 5% H 2" Hq A
1044 H
DEAERATOR
5 PSS
CIRC..
T °5F
- N
552 F _.owwmoo _m%WrWn!
120 P 74T F
120 P CONDENSER
193,000 Q
o
TOH
189,900
L ONF
OH
Az ) 2 GENERATOE. O
[fe 0 o TuRBNE 32.2 Mw 3100 @
|40 F CONDENSATE
~ 108 H PUMP
5
1001 F
_u.u_ r COND. RETURN
FRIOM PRXESS
Bor. - 4IF oF
BIs P 280F uUOOv
N oucT W2 H 12424 1164 H HOT WATER
BLRNER SUPPLY
120F
1084664 88H
W0erF e, 5TM TP ST ] T |
B34IF 2%LE 95F TO STACK
INT3 \—\ \“\ A
LOA2EG @
u% F GO%RH
147 P
Y4 187,800 Q
rOF
177,200 @ 2070 Q 19,600 Q 18H
0P
206 H 206H 205H nimﬂﬁ)zﬁn
27,700
228 F
0r
c 196 H

COGENERATION HEAT BALANCE



ATTACHMENT 8B

DATE RELEASED FOR

PEPSE DIAGRAM
'ALLEGANY® COGENERATION

wmm | S en. 1




LISTING OF INPUT DATA FOR CASE |

OO0 O~ LA I N s

SO RN S R S R LS S S U S A S S R AN S S WY H L L Y3

COSENERATION HEAT BALANCE

¢ COMBINED CYCLE MODEL

¢ AIR AND FUEL RATES EQUAL HEAT BALANCE RATES FROM VENDOR
# COMBUSTOR INCLUDED IN MODEL FOR DUCT BURNER
¢ SPECIFIED EXTRACTION RATE TO DEAERATOR

012000 25

010200 2,3,2,1,0

011010 1:2,5,0,3600,40000. ,.85,45.,45.

011011 200. 400.

011020 2,2,5,0,3400,20000.,.85,45. ,45.

011021 100, 300,

¢ TABLE SUPPRESSION

020001 NOPRNT
020002 NOPRNT
020004 NOPRNT
020005 NOPRNT
020013 NOPRNT
020015 NOPRNT
020015 NOPRNT
020020 NOPRNT
020021 NOPRNT
020022 NOPRNT
020023 NOPRNT
020025 NOPRNT
020026 NOPRNT
020028 NOPRNT
020034 NOPRNT
020037 NOPRNT
020042 NOPRNT

+ GEOMETRY INPUT

501000 311, U,
01020 430, U,

302000 312, U, 440

302020 440, U,
03000 710, Us
03050 510, U,
03100 10, U,
903110 316, U,
H3120 720, U,
3150 210, T,
03200 220, T,
303250 230, T,
503300 240, T,
504000 120, D,

04020 410, U, 540
340

04310 315, U,
04320 20, E,
04330 20, U,
504340 640, U,

D,
07000 314, U,

120

* GAS TURBINE DATA

700100912 1

&

700106 13.3 1001,
¢ STEAM TURBINE DATA

700200 82015¢15 0, 4900,

u——-m-c—-im;—dm--m
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700205 55. 1253.

700210 823050110,
7002¢1 .75 .982

s DEAERATOR DATA

701100 15 0 ﬁ 0. 0. 20. 0.

» CONDENSER DATA
701200 10 1 2 0, .982
¢ HRSG DATA

* HP SECTION

702100 20 g30.

¢ IP SECTION

702200 20 491.

702400 20 120.

¢ PROCESS STEAM CONSUMER
702500 27 -3.53k6

¢ SOURCE AND SINK DATA
703100 30

703020 30

703030 30

703120 31 59. 14.7 1.0417Eb
703123 AIR .6

703110 31 &0, 30. 19400,
703113 FUEL 21300. SSVL 44.5 C .754 H2 .234 N2 ,012
703130 31 §5. 30. B,Eb
703140 31 50. S50. 21900.
703150 31 830. 895, 176000.
703160 31 60. 30. 1014.
703163 FUEL 21300. SSVL 44.5 C .754 H2 .234 N2 .012
703210 32

703310 33 50. 80. 187800,
¢ PUMP DATA

704100 41 65,

704200 41 1000, 0. 0. 0. 0. 10,
¢ COMPRESSOR DATA

704300 43 120. 1, 1. .B5
704400 44 1 120, 1. .85

¢ COMBUSTOR DATA

707100 70 0 2 0 0,

707200 70 0 2 0 0,

¢ MIXER DATA

705100 50 1

705200 50 1

703300 50 2

705800 50

¢ SPLITTER DATA

706100 61 0. 1200.

705200 61 0. 19800,

706300 61 0. 20700,

706400 61 0. 3100,

s ACTIVE STREAMS

604100 5 30,

604140 5 380.

604160 5 895.

604310 3 B&S. 825,

¢ OPERATIONAL VARIABLES
870010 21300,

=

3
=Fg
335332

—
5]
2‘
<

BBSTRM 402 OPVE 10
BBSTRM 440 OPVB 11
11 OPVB 12
3 OPVB 13
2 ADD 0PVB 13 OPVB 14
880120 OPVB 14 DIV DPVB & OPVB 15
¢ PRINT DUTPUT VARIABLES
890100 'BAS TURBINE GENERATCR OUTPUT, MW’ 8-42
80101 BGRY 1 -
890200 'STEAM TURBINE GENERATOR OUTPUT, Ma'
890201 BKGRO 2
B0300 'TOTAL ELECTRICAL DUTPUT, MW'

:

;
=3

3
2gy

g
g
32
=
23




890301 OPVB 7

B90400 'GROSS CYCLE HEAT RATE. BTU/KWW
890401 OPVB 9

890500 'CYCLE THERMAL EFFICIENCY?
890501 OPVB 15

s

8-43
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