
Welcome!

Webinar #4:  RECIPROCATING ENGINES & HEAT RECOVERY in TFX  
05 JULY 2017

Agenda:

* Introduction

* Reciprocating Engine component in TFX: Database or User Defined
* Available Heat fom Exhaust Gas and Engine Cooling
* Heat Recovery for Hot Water, Steam and Chilled Water
* Multiple Engines
* Off Design Simulation

* Q & A Session

Presenter: IGNACIO MARTIN (SPAIN)
Support: Meritt Elmasri (U.S. HQ)



Thermoflow Training and Support

- Standard Training 

- On-site Training course

- Advanced Workshop

- Webinars when new version is released

- Help, Tutorials, PPT, Videos

- Technical Support

 Feature Awareness Webinars
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Feature Awareness Webinars

1- Assemblies in THERMOFLEX

2- SCRIPTS in Thermoflow Programs

3- Multi Point Design

4- Reciprocating Engines

3
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Reciprocating Engine Component in TFX

- Database

- User Defined
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Reciprocating Engine Database
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Reciprocating Engine User Defined
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Reciprocating Engine User Defined - 2
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Reciprocating Engine Heat Balance Envelope
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Reciprocating Engine Inputs
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NOMINAL OFF DESIGN

Data Base User Def. Data Base User Def.

Power

Efficiency Table

Exhaust mf

Exhaust T Table Table

Generator Eff Table Table

Heat Recovery-4

CW T, DT

Fuel Consumption

Air mf

Inputs

Defined / Computed
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Heat Balance: Available Heat Recovery

THERMOFLEX Version 26.1  Revision: March 7, 2017   Unregistered User   Ignacio Martin Gonzalez
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 bar  C 
 t/h  kJ/kg 

-711,2 kW

-756,4 kW

3523 kW

2

1,471 75
43,24 314,1

3

1,5 90
43,24 377

4

1,5 90
43,24 377

6

1,013 15
8,574 -10,13

5

20,68 25
0,2534 50047

7

1,013 150
8,828 134,3

8

1,034 410
8,828 424,3

Reciprocating Engine Set [1]

1464 kW

1

2
Q

+

C
W

3

4
5

6 7
Q+

Exhaust Gas

8
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Available Heat Recovery, Hot Water & Steam
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(Gas cooled to 150 ºC)

(Steam @ 10 bar-200C)(Hot Water @ 85C)

… Simple
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Exhaust Heat Recovery - Combined Cycle
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 bar  C 
 t/h  kJ/kg 

-1823,3 kW

39915 kW

Gross power 19891 kW

Net power 19630 kW

Net electric efficiency(LHV) 49,18 %

Number of Engines in operation 1 

4

1,028 375,6
112,3 383,1

1

1,014 75
104,2 314

3

1,013 20
109,5 -5,077

5

20,68 25
2,871 50047

10

20,68 25
2,871 50047

11

1,013 20
109,5 -5,077

12

1,014 75
104,2 314

6

0,0892 43,6
8,149 2399,7

7

0,085 42,66
8,149 2399,7

9

1,028 375,6
112,3 383,1

15

17,42 200,5
8,458 854,7

19

1,022 351,7
112,3 356,1

25

1,015 191,6
112,3 178,8

27

17 350,2
8,226 3144

29

17,37 280
8,226 2985,8

20

17,42 205,5
8,226 2795,2

31

17,42 205,5
0,1482 2795,2

32

17,28 350,5
8,226 3144

24

2,372 42,23
8,31 177

33

2,372 42,23
8,31 177

13

0,9214 90
104,2 377

34

1,034 90,01
104,2 377

176,8 T

Reciprocating Engine Set [1]

18321 kW

G1

1569,6 kW

Pump (PCE) [22] 

9,984 kW

Pump (PCE) [23] 

1,482 kW

Air-cooled Condenser (PCE) [9] : fan

44,91 kW

Pump (PCE) [3] 

1,639 kW

33

33

1

4

6

7
x 1

11
/ 1

12
x 1

13
/ 1

14
/ 1

8

9

10

16171819 20

21

5

22

23
24

25

15

26

27
x 1

28
/ 1

2

Q
-

3

… Detailed
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Cooling Water Circuit: 4 Heating Sources
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Cooling Water Circuit: 4 Heating Sources

14
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Cooling Water Circuit

THERMOFLEX Version 26,1  Revision: March 7, 2017   Microsoft   Ignacio Martin Gonzalez

Sheet 1 1305 03-14-2017 22:37:12  file= C:\Users\imart\Documents\Thermoflow 26\IMG\IMG_Circuito Ref Motor_JEN.tfx

 bar  C 
 t/h  kJ/kg 

342 kW 177 kW 337,2 kW 669,8 kW

-93,1 kW

Net process heat output

1527,2 kW

3374 kW

Gross power 1413 kW

Gross electric efficiency(LHV) 41,88 %

CHP efficiency 86,67 %

3

1,592 74,49
65,51 311,9

1

1,561 76,81
65,51 321,7

5

1,346 80
28,9 335

7

1,53 81,23
65,51 340,2

8

1,013 120
7,5 102,5

9

1,013 15
7,257 -10,13

10

20,68 25
0,2427 50047

2

1,224 90
28,9 377

2

1,224 90
28,9 377

12

1,2 40,02
17,82 167,6

13

1,2 40,02
17,82 167,6

15

1,5 89,99
65,51 377

11

1,224 44,51
17,82 186,4

14

1,346 40,02
17,82 167,7

19

1,5 89,99
65,51 377

4

1,2 80
28,9 335

4

1,2 80
28,9 335

20

1,2 80
28,9 335

16

1,1 70
65,51 293,1

17

1,624 70,01
65,51 293,2

6

1,034 409
7,5 426,2

Reciprocating Engine Set [1]

1413 kW

4

4 2

2

1

2
Q+

Link    HA

INTERCOOLER-1

3
Q+

Link    HA

LUBE OIL

4
Q-

INTERCOOLER-2

5
A

B

ENGINE JACKET

7

8
A

B

EXHAUST GAS

9

6

10

11

12

13

14

16

17
3

1,592 74,49
65,51 311,9

1

1,561 76,81
65,51 321,7

5

1,346 80
28,9 335

7

1,53 81,23
65,51 340,2

8

1,013 120
7,5 102,5

9

1,013 15
7,257 -10,13

10

20,68 25
0,2427 50047

2

1,224 90
28,9 377

2

1,224 90
28,9 377

12

1,2 40,02
17,82 167,6

13

1,2 40,02
17,82 167,6

15

1,5 89,99
65,51 377

11

1,224 44,51
17,82 186,4

14

1,346 40,02
17,82 167,7

19

1,5 89,99
65,51 377

4

1,2 80
28,9 335

4

1,2 80
28,9 335

20

1,2 80
28,9 335

16

1,1 70
65,51 293,1

17

1,624 70,01
65,51 293,2

6

1,034 409
7,5 426,2
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Cooling Water Circuit (detailed)
THERMOFLEX Version 26.0  Revision: August 1, 2016   Norm   Thermoflow, Inc.

Combustion Engine 0 08-26-2016 18:14:44

 bar  C 
 kg/s  kJ/kg 

Cylinder Jacket Cooling

HP Charge Air Cooling

LP Charge Air Cooling

   Range 62 C - 75 C

  Design target temperature: 80 C

   Lube Oil Circuit

  Design cooled T: 43 C

  Design inlet T: 44.5 C

  Design inlet T: 85 C

   Lube Oil HX
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L
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Sample S3-21
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Heat Recovery, Chillers
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HX + Water/Steam Chiller

Exh Gas driven Chiller
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Heat Recovery with Water / Steam Absorption Chillers
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 bar  C 
 t/h  kJ/kg 

Total current load 3535 kW

Current COP 1,1 

11

1,013 15
48,36 -10,13

12

1,5 75
187 314,1

13

1,364 90
187 377

14

20,68 25
1,335 50047

16

1,311 7,008
429 29,55

19

2 15,02
429 63,17

15

2 25,02
641,8 105

17

1,311 35,04
641,8 146,9

18

7 300
5,26 3060

20

7 165
5,26 697,1

22

1,013 167,8
49,7 153

23

1,034 395
49,7 405,5

Reciprocating Engine Set [1]

8490 kW

12

14

15

16 17

18

19

20

21

22

13

Steam

Chilled

Coolant23SM

24
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Water / Steam Absorption Chillers
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Heat Recovery, Exhaust Gas driven Absorption Chillers
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Exhaust Gas-driven Absortion Chillers
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Recip Engine Trigeneration
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 bar  C 
 t/h  kJ/kg 

Engine

Chiller

CHP Eff            84,4%

COP

1,4 

1408,1 kW

2803,3 kW

8734 kW

Net power 3163 kW

15

2 90
60,96 377,1

16

2 7,008
481 29,62

1

1,013 15
22,72 -10,13

2

20,68 25
0,6283 50047

18

1,013 170
23,34 155,5

6

1,034 446,1
0,0023 464,3

Reciprocating Engine Set [1]

3195 kW

17

17

1

2
Air

3
Natural Gas

4

C

H

5

6
Exhaust Gas

7
M

S

Steam Generator
9 Steam

10

11 Hot Water

12 Chilled Water

13

8

15

2 90
60,96 377,1

16

2 7,008
481 29,62

1

1,013 15
22,72 -10,13

2

20,68 25
0,6283 50047

18

1,013 170
23,34 155,5

6

1,034 446,1
0,0023 464,3Engine
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Multiple Engines
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… if different Engine models
or running at different loads



Multiple Engines
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Use “Fluid Specification components”
as Flow multipliers / dividers

Define “Energy Accounting” for
Power / Heat multipliers / dividers

… or



Recip Engines Off-Design Simulation
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Recip Engines “modeless”
Just enter the “desired power”
to simulate part load

OD calculations from the Tables

Rest of the parameters computed
“User define” your part load case to match the Engine specs




