


8.0 Discussion and Conclusions

8.1 Discussion on optimum design of heat exchangers

Optimum design of heat exchangers followed by their efficient operation is critical for the proper
functioning of the entire process system. The process fluid be it either liquid or gas phase, after
being heated or cooled in the heat exchangers is sent downstream to equipment units like
compressors, separators or scrubbers. The outlet temperature of the process stream has a direct
impact on the operation and functioning of the subsequent equipment unit. If the downstream
equipment is a compressor unit and the temperature of the inlet feed gas is too high, higher
energy would be required to compress the gas giving us a lower compressor efficiency value. If
the downstream equipment is a 3-phase separator and the inlet stream is not heated to the right
temperature, the required split between oil dominated phase, water dominated phase the gas
phase will not happen. Similarly, if the inlet stream to a scrubber unit is not cooled down to the
required temperature, a lesser quantity of liquid phase would be condensing out in scrubber unit.
This implies that the gas phase would have a higher content of heavier hydrocarbons than
specified which might result in off-spec product at the outlet of the process train.

The different scenarios explained above emphasize the fact that, for the proper operation of any
oil and gas processing unit in the offshore industry, optimum design of all major equipment units
especially heat exchangers is a critical factor. While optimizing the thermal design of individual
heat exchanger units and also of multiple units in a heat exchanger network, L/D ratio, weight
and footprint factor, effective surface area per shell and the number of shells per unit are all
critical factors which need to be taken into account. Plate heat exchangers are generally the
preferred choice provided the operating pressure and temperature permit the design of this type of
exchanger. These exchangers provide huge savings in weight and footprint but are more
expensive compared to the conventional shell and tube exchangers.

Shell and tube exchangers are comparatively cheaper than compact heat exchangers and can
handle most process fluids. However the process parameters and the required heating or cooling
duty can result in extreme dimensions mainly because of the low LMTD and high viscosity
makes it difficult to obtain turbulent flow. In the eventuality that the designed shell and tube heat
exchanger has very large dimensional features alongwith extremely high heat duty requirement
and the operating parameters are beyond the range of plate exchangers, printed circuit heat
exchangers would have to be preferred choice. As seen in the 3 case study, the extreme
dimensions would result in loss of available footprint which is very critical on an oil and gas
platform. The PCHE’s are comparatively more expensive than shell and tube exchangers but the
savings due to reduced weight cost and footprint cost would compensate for the additional
expense. Also changing the process parameters of the heating or cooling medium alters the heat
duty requirement of the exchanger which can result in the modified exchanger having a more
optimum design than the base case scenario.
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8.2 Conclusions

The work done as part of this thesis involves doing the thermal design calculations of the heat
exchangers based on the process parameters from the base case process design and also the
thermal design calculations of the relevant heat exchangers with the modified process parameters
from the case studies. The main conclusions to this thesis work regarding the optimum design of
heat exchangers are as follows:

1.

For optimum design of a shell and tube heat exchanger unit, the ratio of tube length to
shell inner diameter (L/D ratio) should be in the range of 5 to 10.

If the process conditions include high design pressure, high design temperature and phase
change, shell and tube exchangers is the preferred choice for such operating conditions.
When operating pressure and temperature permit, then plate frame exchangers must be the
preferred choice considering the savings on weight and footprint.

When the water cut in the reservoir stream is high, like the Field 1 and Field 2 wellstream
composition used as part of this thesis work, avoiding excessive surface temperature on
the tube side needs to be focused on, in order to reduce the risk of scaling.

Vibration on the tube side needs to be avoided. If higher pressure drop than the allowable
limit is required in order to prevent vibration then the additional pressure drop should be
accepted into the process design.

As seen in Case Study I, simplifying the process design by removing an exchanger unit
(20-HB-004), results in scaling up the exchanger design of 20-HA-003 and 21-HBO0O01 in
order to compensate for the additional heating and cooling duty. Since the weight saving
and footprint saving is quite considerable, this options can be further analyzed in detail to
be implemented into the process design.

As seen in Case Study 11, increasing or decreasing the outlet temperature of the gas stream
has little effect on improving the dimensions of the exchanger. Therefore for optimizing
the design of the exchanger, reduction in the heating medium inlet temperature is
required.

As seen in Case Study Ill, when the design of the shell and tube exchanger results in
extreme dimensions causing very high weight and footprint factors, it is preferable to
switch to printed circuit heat exchanger as the choice for that application.
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Appendix A — Process Datasheets for Heat Exchangers in Base Case
Simulation



NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name: BASE CASE SIMULATION
Unit Set: Sl
Date/Time:

Heat Exchanger: 20-HA-001

e
EREREEEES]-

CONDITIONS

Name Field 2 Inlet Heating Medium Inlet 1 | Field 2 to Inlet Separator |Heating Medium Outlet 1
12] Vapour 0.1643 0.0000 0.1655 0.0000
13| Temperature (C) 44.9640 150.0000 55.0000 100.0000
14] Pressure (kPa) 1600.0000 1100.0000 1500.0000 1000.0000
15] Molar Flow (kgmole/h) 366548.4143 24434.6310 366548.4143 24434.6310
16| Mass Flow (kg/h) 7251237.8039 1893301.6974 7251237.8039 1893301.6974
17] Std Ideal Lig Vol Flow (m3/h) 9657.7878 1705.8369 9657.7878 1705.8369
18] Molar Enthalpy (kJ/kgmole) -2.528e+005 -4.912e+005 -2.520e+005 -5.035e+005
19] Molar Entropy (kJ/kgmole-C) 79.11 172.4 81.73 141.7
20| Heat Flow (kJ/h) -9.2679e+10 -1.2003e+10 -9.2380e+10 -1.2302e+10
% PROPERTIES
23] Name Field 2 Inlet Heating Medium Inlet 1 Field 2 to Inlet SeparatorHeating Medium Outlet 1
24] Molecular Weight 19.78 77.48 19.78 77.48
25] Molar Density (kgmole/m3) 3.575 12.94 3.227 13.60
26] Mass Density (kg/m3) 70.72 1003 63.84 1054
27] Act. Volume Flow (m3/h) 1.025e+005 1888 1.136e+005 1797
28] Mass Enthalpy (kJ/kg) -1.278e+004 -6340 -1.274e+004 -6498
29] Mass Entropy (kJ/kg-C) 3.999 2.224 4.131 1.828
30] Heat Capacity (kJ/kgmole-C) 76.57 255.2 76.69 234.3
31] Mass Heat Capacity (kJ/kg-C) 3.871 3.294 3.877 3.024
32| LHV Molar Basis (Std) (kJ/kgmole) --- 1.462e+006 - 1.462e+006
33] HHV Molar Basis (Std) (kJ/kgmole) 1.614e+006 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) 2.083e+004 2.083e+004
35] CO2 Loading - -—- - -
36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 - 0.0000
38] LHV Mass Basis (Std) (kJ/kg) 1.887e+004 1.887e+004
39] Phase Fraction [Vol. Basis] 0.3599 0.0000 0.3625 0.0000
40] Phase Fraction [Mass Basis] 0.1640 0.0000 0.1664 0.0000
41] Phase Fraction [Act. Vol. Basis] 0.9392 0.0000 0.9449 0.0000
42| Mass Exergy (kJ/kg) 60.70 65.58 62.49 25.75
43] Partial Pressure of CO2 (kPa) 25.59 0.0000 23.94 0.0000
44] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 9.630e+004 1.073e+005
46] Avg. Lig. Density (kgmole/m3) 37.95 14.32 37.95 14.32
47] Specific Heat (kJ/kgmole-C) 76.57 255.2 76.69 2343
48] Std. Gas Flow (STD_m3/h) 8.667e+006 5.777e+005 8.667e+006 5.777e+005
49] Std. Ideal Lig. Mass Density  (kg/m3) 750.8 1110 750.8 1110
50] Act. Lig. Flow (m3/s) 1.731 0.5245 1.739 0.4992
51] Z Factor - 2.416e-002 - 2.371e-002
52] Watson K 15.46 8.816 15.46 8.816
53] User Property -—- - - -
54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55] Cp/(Cp-R) 1.122 1.034 1.122 1.037
56] Cp/Cv 1.023 1.064 1.022 1.062
57] Heat of Vap. (kJ/kgmole) 6.094e+004 7.244e+004 6.105e+004 7.313e+004
58] Kinematic Viscosity (cSt) --- 1.147 - 2.315
59| Lig. Mass Density (Std. Cond) (kg/m3) 822.7 1130 822.7 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 8814 1676 8814 1676
61] Liquid Fraction 0.8357 1.000 0.8345 1.000
62] Molar Volume (m3/kgmole) 0.2797 7.728e-002 0.3099 7.355e-002
63] Mass Heat of Vap. (kJ/kg) 3080 934.9 3086 943.9
64| Phase Fraction [Molar Basis] 0.1643 0.0000 0.1655 0.0000
65| Surface Tension (dyne/cm) - 35.73 - 40.78
66] Thermal Conductivity (W/m-K) --- 0.2310 - 0.2295
67] Viscosity (cP) --- 1.150 - 2.438
68] Cv (Semi-Ideal) (kJ/kgmole-C) 68.25 246.9 68.38 226.0
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name: BASE CASE SIMULATION
Unit Set: Sl
Date/Time:

Heat Exchanger: 20-HA-001 (continued)

PROPERTIES

e
EREREEEES]-

Name

Field 2 Inlet

Heating Medium Inlet 1

Field 2 to Inlet Separatot]

Heating Medium Outlet 1

Mass Cv (Semi-Ideal) (kJ/kg-C)

3.450

3.187

3.456

2916

Cv (kJ/kgmole-C)

74.88

240.0

75.03

220.5

Mass Cv (kJ/kg-C)

3.785

3.097

3.793

2.846

Cv (Ent. Method) (kJ/kgmole-C)

205.9

195.1

Mass Cv (Ent. Method) (kJ/kg-C)

2.657

2517

Cp/Cv (Ent. Method)

1.240

1.201

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

True VP at 37.8 C (kPa)

3.420

3.420

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.425e+006

1676

1.436e+006

1676

Viscosity Index

-10.86

5.070

-14.22

12.83

DETAILS

Overall/Detailed Performance

Duty:

2.990e+08 kJ/h

UA Curv. Error:

0.00e-01 kJ/C-h

Heat Leak:

0.000e-01 kd/h

Hot Pinch Temp:

100.0C

Heat Loss:

0.000e-01 kJ/h

Cold Pinch Temp:

44.96 C

UA:

4.151e+06 kJ/C-h

Ft Factor:

Min. Approach:

55.04 C

Uncorrected Lmtd:

73.21C

Lmtd:

72.03C

Aspen Technology Inc.

Aspen HYSYS Version 8.3 (29.0.0.8315)

Page 2 of 2
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aspen

NORWEGIAN UNIV OF
Burlington, MA
USA

Case Name: BASE CASE SIMULATION
Unit Set: Sl
Date/Time:

Heat Exchanger: 20-HA-002

e
EREREEEES]-

CONDITIONS

Name Field 1 Inlet Heating Medium Inlet 2 Field 1 to Inlet Seprator |Heating Medium Outlet 2
12] Vapour 0.1293 0.0000 0.1313 0.0000
13| Temperature (C) 27.9805 150.0000 55.0000 100.0000
14] Pressure (kPa) 1600.0000 1100.0000 1500.0000 1000.0000
15] Molar Flow (kgmole/h) 333234.4142 59012.1474 333234.4142 59012.1474
16| Mass Flow (kg/h) 6557731.8745 4572518.3652 6557731.8745 4572518.3652
17] Std Ideal Lig Vol Flow (m3/h) 8307.8856 4119.7715 8307.8856 4119.7715
18] Molar Enthalpy (kJ/kgmole) -2.611e+005 -4.912e+005 -2.589e+005 -5.035e+005
19] Molar Entropy (kJ/kgmole-C) 71.06 172.4 78.03 141.7
20| Heat Flow (kJ/h) -8.6999e+10 -2.8989e+10 -8.6277e+10 -2.9712e+10
% PROPERTIES
23] Name Field 1 Inlet Heating Medium Inlet 2 |Field 1 to Inlet Seprator Heating Medium Outlet 2
24] Molecular Weight 19.68 77.48 19.68 77.48
25] Molar Density (kgmole/m3) 4.717 12.94 3.999 13.60
26] Mass Density (kg/m3) 92.83 1003 78.69 1054
27] Act. Volume Flow (m3/h) 7.064e+004 4561 8.333e+004 4340
28] Mass Enthalpy (kJ/kg) -1.327e+004 -6340 -1.316e+004 -6498
29] Mass Entropy (kJ/kg-C) 3.611 2.224 3.965 1.828
30| Heat Capacity (kJ/kgmole-C) 77.61 255.2 77.88 234.3
31] Mass Heat Capacity (kJ/kg-C) 3.944 3.294 3.957 3.024
32| LHV Molar Basis (Std) (kJ/kgmole) --- 1.462e+006 - 1.462e+006
33] HHV Molar Basis (Std) (kJ/kgmole) 1.614e+006 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) 2.083e+004 2.083e+004
35] CO2 Loading - -—- - -
36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 - 0.0000
38] LHV Mass Basis (Std) (kJ/kg) 1.887e+004 1.887e+004
39] Phase Fraction [Vol. Basis] 0.2980 0.0000 0.3024 0.0000
40] Phase Fraction [Mass Basis] 0.1273 0.0000 0.1311 0.0000
41] Phase Fraction [Act. Vol. Basis] 0.9179 0.0000 0.9293 0.0000
42| Mass Exergy (kJ/kg) 46.84 65.58 51.44 25.75
43| Partial Pressure of CO2 (kPa) 23.64 0.0000 22.24 0.0000
44] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 6.484e+004 - 7.744e+004 -
46] Avg. Lig. Density (kgmole/m3) 40.11 14.32 40.11 14.32
47] Specific Heat (kJ/kgmole-C) 77.61 255.2 77.88 2343
48] Std. Gas Flow (STD_m3/h) 7.879e+006 1.395e+006 7.879e+006 1.395e+006
49] Std. Ideal Lig. Mass Density  (kg/m3) 789.3 1110 789.3 1110
50] Act. Lig. Flow (m3/s) 1.611 1.267 1.636 1.206
51] Z Factor - 2.416e-002 - 2.371e-002
52] Watson K 15.11 8.816 15.11 8.816
53] User Property -—- - - -
54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55] Cp/(Cp-R) 1.120 1.034 1.120 1.037
56] Cp/Cv 1.018 1.064 1.017 1.062
57] Heat of Vap. (kJ/kgmole) 6.222e+004 7.244e+004 6.233e+004 7.313e+004
58] Kinematic Viscosity (cSt) --- 1.147 - 2.315
59| Lig. Mass Density (Std. Cond) (kg/m3) 857.7 1130 857.7 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 7645 4047 7645 4047
61] Liquid Fraction 0.8707 1.000 0.8687 1.000
62] Molar Volume (m3/kgmole) 0.2120 7.728e-002 0.2501 7.355e-002
63] Mass Heat of Vap. (kJ/kg) 3162 934.9 3167 943.9
64| Phase Fraction [Molar Basis] 0.1293 0.0000 0.1313 0.0000
65| Surface Tension (dyne/cm) - 35.73 - 40.78
66] Thermal Conductivity (W/m-K) --- 0.2310 - 0.2295
67] Viscosity (cP) --- 1.150 - 2.438
68] Cv (Semi-Ideal) (kJ/kgmole-C) 69.30 246.9 69.56 226.0
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2

Licensed to: NORWEGIAN UNIV OF
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NORWEGIAN UNIV OF

aspen Burlington, MA

USA

Case Name: BASE CASE SIMULATION
Unit Set: Sl
Date/Time:

Heat Exchanger: 20-HA-002 (continued)

PROPERTIES

e
EREREEEES]-

Name

Field 1 Inlet

Heating Medium Inlet 2|Field 1 to Inlet Seprator

Heating Medium Outlet 2

Mass Cv (Semi-Ideal) (kJ/kg-C)

3.521

3.187 3.535

2916

Cv (kJ/kgmole-C)

76.25

240.0 76.55

220.5

Mass Cv (kJ/kg-C)

3.875

3.097 3.890

2.846

Cv (Ent. Method) (kJ/kgmole-C)

205.9 -

195.1

Mass Cv (Ent. Method) (kJ/kg-C)

2.657 -

2517

Cp/Cv (Ent. Method)

1.240

1.201

Reid VP at 37.8 C (kPa)

9.847e-004 -—

9.847e-004

True VP at 37.8 C (kPa)

3.420 -—

3.420

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.022e+006

4047 1.037e+006

4047

Viscosity Index

-3.676

5.070 -11.75

12.83

DETAILS

Overall/Detailed Performance

Duty:

7.222e+08 kJ/h UA Curv. Error:

0.00e-01 kJ/C-h

Heat Leak:

0.000e-01 kJ/h Hot Pinch Temp:

100.0C

Heat Loss:

0.000e-01 kJ/h Cold Pinch Temp:

27.98C

UA:

9.007e+06 kJ/C-h Ft Factor:

Min. Approach:

72.02C Uncorrected Lmtd:

82.98 C

Lmtd:

80.18 C

Aspen Technology Inc.

Aspen HYSYS Version 8.3 (29.0.0.8315)

Page 2 of 2
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NORWEGIAN UNIV OF
Burlington, MA

aspen

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Wed Jun 04 19:32:50 2014

Heat Exchanger: 20-HA-003

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

CONDITIONS

Name let to Stabilization Heater Heating Medium Inlet 3 21 [Heating Medium Outlet 3
Vapour 0.0163 0.0000 0.0227 0.0000
Temperature (C) 63.0000 * 150.0000 * 77.6224 * 100.0000 *
Pressure (kPa) 800.0000 * 1100.0000 * 700.0000 * 1000.0000 *
Molar Flow (kgmole/h) 8980.8379 3335.2211 8980.8379 3335.2211
Mass Flow (kg/h) 1184949.0545 258427.4678 1184949.0545 258427.4678

17] Std Ideal Lig Vol Flow (m3/h) 1376.3692 232.8393 1376.3692 232.8393

18] Molar Enthalpy (kJ/kgmole) -3.843e+005 -4.912e+005 -3.797e+005 -5.035e+005

19] Molar Entropy (kJ/kgmole-C) 294.1 172.4 307.4 141.7

20] Heat Flow (kJ/h) -3.4509e+09 -1.6384e+09 -3.4101e+09 -1.6792e+09

% PROPERTIES

23] Name let to Stabilization Heatd Heating Medium Inlet 3 21 Heating Medium Outlet 3

24] Molecular Weight 131.9 77.48 131.9 77.48

25] Molar Density (kgmole/m3) 4.629 12.94 3.918 13.60

26] Mass Density (kg/m3) 610.8 1003 516.9 1054

27] Act. Volume Flow (m3/h) 1940 257.8 2292 245.3

28| Mass Enthalpy (kI/kg) -2912 -6340 -2878 -6498

29] Mass Entropy (kJ/kg-C) 2.229 2.224 2.330 1.828

30] Heat Capacity (kJ/kgmole-C) 299.7 255.2 307.0 234.3

31| Mass Heat Capacity (kI/kg-C) 2.272 3.294 2.327 3.024

32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006

33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006

34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004

35] CO2 Loading - --- ---

36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000

37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000

38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004

39] Phase Fraction [Vol. Basis] 6.474e-003 0.0000 9.250e-003 0.0000

40] Phase Fraction [Mass Basis] 2.810e-003 0.0000 4.327e-003 0.0000

41] Phase Fraction [Act. Vol. Basis] 0.2590 0.0000 0.3646 0.0000

42| Mass Exergy (kI/kg) 6.796 65.58 11.19 25.75

43| Partial Pressure of CO2 (kPa) 17.55 0.0000 16.10 0.0000

44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000

45] Act. Gas Flow (ACT_m3/h) 502.5 835.7 -

46] Avg. Lig. Density (kgmole/m3) 6.525 14.32 6.525 14.32

47] Specific Heat (kd/kgmole-C) 299.7 255.2 307.0 234.3

48] Std. Gas Flow (STD_m3/h) 2.123e+005 7.886e+004 2.123e+005 7.886e+004

49] Std. Ideal Lig. Mass Density (kg/m3) 860.9 1110 860.9 1110

50] Act. Lig. Flow (m3/s) 0.3993 7.160e-002 0.4046 6.814e-002

51| Z Factor - 2.416e-002 - 2.371e-002

52| Watson K 11.63 8.816 11.63 8.816

53] User Property --- --- ---

54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000

55| Cp/(Cp - R) 1.029 1.034 1.028 1.037

56] Cp/Cv 1.002 1.064 1.002 1.062

57] Heat of Vap. (kJ/kgmole) 2.001e+005 7.244e+004 2.014e+005 7.313e+004

58] Kinematic Viscosity (cSt) --- 1.147 - 2.315

59] Lig. Mass Density (Std. Cond) (kg/m3) 859.9 1130 859.9 1130

60] Lig. Vol. Flow (Std. Cond) (m3/h) 1378 228.7 1378 228.7

61] Liquid Fraction 0.9837 1.000 0.9773 1.000

62] Molar Volume (m3/kgmole) 0.2160 7.728e-002 0.2552 7.355e-002

63] Mass Heat of Vap. (kJ/kg) 1517 934.9 1526 943.9

64] Phase Fraction [Molar Basis] 0.0163 0.0000 0.0227 0.0000

65] Surface Tension (dyne/cm) - 35.73 --- 40.78

66] Thermal Conductivity (W/m-K) --- 0.2310 --- 0.2295

67] Viscosity (cP) --- 1.150 --- 2.438

68] Cv (Semi-Ideal) (kJ/kgmole-C) 291.4 246.9 298.7 226.0

69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2

Licensed to: NORWEGIAN UNIV OF
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NORWEGIAN UNIV OF

aspen Burlington, MA

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Wed Jun 04 19:32:50 2014

Heat Exchanger: 20-HA-003 (continued)

PROPERTIES

Name

let to Stabilization Heatg

Heating Medium Inlet 3 21

Heating Medium Outlet 3

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.209

3.187

2.916

Cv (kd/kgmole-C)

299.1

240.0

220.5

Mass Cv (kJ/kg-C)

2.267

3.097

2.846

Cv (Ent. Method) (kd/kgmole-C)

205.9

195.1

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method) (kJ/kg-C)

2.657

2.517

17

Cp/Cv (Ent. Method)

1.240

1.201

18

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C (kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

228.7

228.7

21

Viscosity Index

5.070

12.83

22
23

DETAILS

24
25

Overall/Detailed Performance

26

Duty:

4.082e+07 kJ/h UA Curv. Error:

0.00e-01 kJ/C-h

27

Heat Leak:

0.000e-01 kJ/h Hot Pinch Temp:

100.0C

28

Heat Loss:

0.000e-01 kJ/h Cold Pinch Temp:

63.00 C

29

UA:

8.120e+05 kJ/C-h Ft Factor:

30

Min. Approach:

37.00C Uncorrected Lmtd:

52.73C

31

Lmtd:

50.27C

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
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NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Wed Jun 04 19:34:14 2014

Heat Exchanger: 20-HB-004

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

CONDITIONS

Name Inlet to Cross Exchanger 55 |let to Stabilization Heater Export Oil (Hot)
Vapour 0.0124 0.0000 0.0163 0.0000
Temperature (C) 54.9743 75.0989 63.0000 * 66.5758
Pressure (kPa) 900.0000 750.0000 800.0000 * 650.0000 *
Molar Flow (kgmole/h) 8980.8379 6300.4220 8980.8379 6300.4220
Mass Flow (kg/h) 1184949.0545 1138594.4706 1184949.0545 1138594.4706

17] Std Ideal Lig Vol Flow (m3/h) 1376.3692 1318.0673 1376.3692 1318.0673

18] Molar Enthalpy (kJ/kgmole) -3.867e+005 -4.320e+005 -3.843e+005 -4.354e+005

19] Molar Entropy (kJ/kgmole-C) 286.7 402.2 294.1 392.2

20] Heat Flow (kJ/h) -3.4727e+09 -2.7215e+09 -3.4509e+09 -2.7433e+09

% PROPERTIES

23] Name nlet to Cross Exchangel 55 let to Stabilization Heat Export Oil (Hot)

24] Molecular Weight 131.9 180.7 131.9 180.7

25] Molar Density (kgmole/m3) 5.106 4.483 4.629 4.524

26] Mass Density (kg/m3) 673.7 810.2 610.8 817.5

27] Act. Volume Flow (m3/h) 1759 1405 1940 1393

28| Mass Enthalpy (kI/kg) -2931 -2390 -2912 -2409

29] Mass Entropy (kJ/kg-C) 2.173 2.225 2.229 2.170

30| Heat Capacity (kJ/kgmole-C) 295.7 403.8 299.7 397.7

31] Mass Heat Capacity (kJ/kg-C) 2.241 2.234 2.272 2.200

32] LHV Molar Basis (Std) (kd/kgmole) - --- -

33] HHV Molar Basis (Std) (kd/kgmole) --- --- ---

34] HHV Mass Basis (Std) (kJ/kg) --- --- ---

35] CO2 Loading - --- ---

36] CO2 Apparent Mole Conc. (kgmole/m3) - 1.120e-003 - 1.131e-003

37] CO2 Apparent Wt. Conc. (kgmol/kg) - 1.383e-006 --- 1.383e-006

38] LHV Mass Basis (Std) (kJ/kg) - --- -

39] Phase Fraction [Vol. Basis] 4.836e-003 0.0000 6.474e-003 0.0000

40] Phase Fraction [Mass Basis] 2.020e-003 0.0000 2.810e-003 0.0000

41] Phase Fraction [Act. Vol. Basis] 0.1884 0.0000 0.2590 0.0000

42| Mass Exergy (kI/kg) 5.054 9.019 6.796 6.364

43| Partial Pressure of CO2 (kPa) 18.24 0.0000 17.55 0.0000

44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000

45] Act. Gas Flow (ACT_m3/h) 331.4 502.5 -

46] Avg. Lig. Density (kgmole/m3) 6.525 4.780 6.525 4.780

47] Specific Heat (kd/kgmole-C) 295.7 403.8 299.7 397.7

48] Std. Gas Flow (STD_m3/h) 2.123e+005 1.490e+005 2.123e+005 1.490e+005

49] Std. Ideal Lig. Mass Density (kg/m3) 860.9 863.8 860.9 863.8

50] Act. Lig. Flow (m3/s) 0.3965 0.3904 0.3993 0.3869

51| Z Factor - --- -

52| Watson K 11.63 11.65 11.63 11.65

53] User Property --- --- ---

54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000

55| Cp/(Cp - R) 1.029 1.021 1.029 1.021

56] Cp/Cv 1.002 1.264 1.002 1.265

57] Heat of Vap. (kJ/kgmole) 1.986e+005 1.985e+005 2.001e+005 1.992e+005

58] Kinematic Viscosity (cSt) --- 3.818 - 4.521

59] Lig. Mass Density (Std. Cond) (kg/m3) 859.9 854.3 859.9 854.3

60] Lig. Vol. Flow (Std. Cond) (m3/h) 1378 1333 1378 1333

61] Liquid Fraction 0.9876 1.000 0.9837 1.000

62] Molar Volume (m3/kgmole) 0.1959 0.2231 0.2160 0.2211

63] Mass Heat of Vap. (kJ/kg) 1505 1098 1517 1102

64] Phase Fraction [Molar Basis] 0.0124 0.0000 0.0163 0.0000

65] Surface Tension (dyne/cm) - --- -

66] Thermal Conductivity (W/m-K) --- 0.1172 --- 0.1182

67] Viscosity (cP) --- 3.093 --- 3.696

68] Cv (Semi-Ideal) (kJ/kgmole-C) 287.4 395.4 291.4 389.4

69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF

aspen Burlington, MA

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Wed Jun 04 19:34:14 2014

Heat Exchanger: 20-HB-004 (continued)

PROPERTIES

Name

nlet to Cross Exchangel

55

let to Stabilization Heat

Export Oil (Hot)

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.178

2.209

2.154

Cv (kd/kgmole-C)

295.1

299.1

314.3

Mass Cv (kJ/kg-C)

2.236

2.267

1.739

Cv (Ent. Method) (kd/kgmole-C)

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method) (kJ/kg-C)

17

Cp/Cv (Ent. Method)

18

Reid VP at 37.8 C (kPa)

34.24

19

True VP at 37.8 C (kPa)

108.6

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1322

21

Viscosity Index

15.90

22
23

DETAILS

24
25

Overall/Detailed Performance

26

Duty:

2.179e+07 kJ/h

UA Curv. Error:

0.00e-01 kJ/C-h

27

Heat Leak:

0.000e-01 kJ/h

Hot Pinch Temp:

66.58 C

28

Heat Loss:

0.000e-01 kJ/h

Cold Pinch Temp:

54.97C

29

UA:

2.015e+06 kJ/C-h

Ft Factor:

30

Min. Approach:

11.60C

Uncorrected Lmtd:

11.85C

31

Lmtd:

1081 C

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
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aspen

NORWEGIAN UNIV OF
Burlington, MA

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Wed Jun 04 19:34:50 2014

Heat Exchanger: 21-HB-001

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

CONDITIONS

Name Export Oil (Hot) Sea Water Inlet Export Oil (Cold) Sea Water Outlet
Vapour 0.0000 0.0000 0.0000 0.0000
Temperature (C) 66.5758 8.0000 * 54.8057 * 45.0000 *
Pressure (kPa) 650.0000 * 1000.0000 * 550.0000 * 900.0000 *
Molar Flow (kgmole/h) 6300.4220 9964.7750 6300.4220 9964.7750
Mass Flow (kg/h) 1138594.4706 179516.4228 1138594.4706 179516.4228

17] Std Ideal Lig Vol Flow (m3/h) 1318.0673 179.8787 1318.0673 179.8787

18] Molar Enthalpy (kJ/kgmole) -4.354e+005 -2.877e+005 -4.401e+005 -2.847e+005

19] Molar Entropy (kJ/kgmole-C) 392.2 48.59 378.2 58.47

20] Heat Flow (kJ/h) -2.7433e+09 -2.8669e+09 -2.7727e+09 -2.8374e+09

% PROPERTIES

23] Name Export Oil (Hot) Sea Water Inlet Export Qil (Cold) Sea Water Outlet

24] Molecular Weight 180.7 18.02 180.7 18.02

25] Molar Density (kgmole/m3) 4.524 56.63 4.580 55.09

26] Mass Density (kg/m3) 817.5 1020 827.7 992.4

27] Act. Volume Flow (m3/h) 1393 176.0 1376 180.9

28| Mass Enthalpy (kI/kg) -2409 -1.597e+004 -2435 -1.581e+004

29] Mass Entropy (kJ/kg-C) 2.170 2.697 2.093 3.246

30] Heat Capacity (kJ/kgmole-C) 397.7 80.12 389.2 79.88

31] Mass Heat Capacity (kJ/kg-C) 2.200 4.447 2.154 4.434

32] LHV Molar Basis (Std) (kd/kgmole) - 0.0000 --- 0.0000

33] HHV Molar Basis (Std) (kd/kgmole) --- 4.101e+004 --- 4.101e+004

34] HHV Mass Basis (Std) (kJ/kg) --- 2276 --- 2276

35] CO2 Loading - --- ---

36] CO2 Apparent Mole Conc. (kgmole/m3) 1.131e-003 0.0000 1.145e-003 0.0000

37] CO2 Apparent Wt. Conc. (kgmol/kg) 1.383e-006 0.0000 1.383e-006 0.0000

38] LHV Mass Basis (Std) (kJ/kg) - --- -

39] Phase Fraction [Vol. Basis] 0.0000 0.0000 0.0000 0.0000

40] Phase Fraction [Mass Basis] 0.0000 0.0000 0.0000 0.0000

41] Phase Fraction [Act. Vol. Basis] 0.0000 0.0000 0.0000 0.0000

42| Mass Exergy (kI/kg) 6.364 3.429 3.493 3.905

43| Partial Pressure of CO2 (kPa) 0.0000 0.0000 0.0000 0.0000

44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000

45] Act. Gas Flow (ACT_m3/h) - -- -

46] Avg. Lig. Density (kgmole/m3) 4.780 55.40 4.780 55.40

47] Specific Heat (kd/kgmole-C) 397.7 80.12 389.2 79.88

48] Std. Gas Flow (STD_m3/h) 1.490e+005 2.356e+005 1.490e+005 2.356e+005

49] Std. Ideal Lig. Mass Density (kg/m3) 863.8 998.0 863.8 998.0

50] Act. Lig. Flow (m3/s) 0.3869 4.888e-002 0.3821 5.025e-002

51] Z Factor 7.554e-003 6.177e-003

52| Watson K 11.65 11.65 -

53] User Property --- --- ---

54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000

55| Cp/(Cp - R) 1.021 1.116 1.022 1.116

56] Cp/Cv 1.265 1.130 1.265 1.153

57] Heat of Vap. (kJ/kgmole) 1.992e+005 3.659e+004 1.999e+005 3.688e+004

58] Kinematic Viscosity (cSt) 4,521 1.348 5.835 0.5984

59] Lig. Mass Density (Std. Cond) (kg/m3) 854.3 1015 854.3 1015

60] Lig. Vol. Flow (Std. Cond) (m3/h) 1333 176.9 1333 176.9

61] Liquid Fraction 1.000 1.000 1.000 1.000

62] Molar Volume (m3/kgmole) 0.2211 1.766e-002 0.2183 1.815e-002

63] Mass Heat of Vap. (kJ/kg) 1102 2031 1106 2047

64] Phase Fraction [Molar Basis] 0.0000 0.0000 0.0000 0.0000

65| Surface Tension (dyne/cm) --- 75.03 - 68.62

66] Thermal Conductivity (W/m-K) 0.1182 0.5834 0.1196 0.6376

67] Viscosity (cP) 3.696 1.375 4.830 0.5939

68] Cv (Semi-Ideal) (kJ/kgmole-C) 389.4 71.81 380.9 71.57

69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF

aspen Burlington, MA

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set:
Date/Time: Wed Jun 04 19:34:50 2014

Heat Exchanger: 21-HB-001 (continued)

PROPERTIES

Name

Export Oil (Hot)

Sea Water Inlet

Export Oil (Cold)

Sea Water Outlet

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.154

3.986

2.108

3.973

Cv (kd/kgmole-C)

3143

70.88

307.8

69.28

Mass Cv (kJ/kg-C)

1.739

3.935

1.703

3.846

Cv (Ent. Method) (kd/kgmole-C)

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method) (kJ/kg-C)

17

Cp/Cv (Ent. Method)

18

Reid VP at 37.8 C (kPa)

6.442

19

True VP at 37.8 C (kPa)

6.442

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

176.9

21

Viscosity Index

7.070

22
23

DETAILS

24
25

Overall/Detailed Performance

26

Duty:

2.945e+07 kJ/h

UA Curv. Error:

0.00e-01 kJ/C-h

27

Heat Leak:

0.000e-01 kJ/h

Hot Pinch Temp:

66.58 C

28

Heat Loss:

0.000e-01 kJ/h

Cold Pinch Temp:

45.00 C

29

UA:

9.774e+05 kJ/C-h

Ft Factor:

30

Min. Approach:

21.58 C Uncorrected Lmtd:

3258 C

31

Lmtd:

30.13C

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
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E Case Name: BASE CASE SIMULATION MODEL.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: S
n aspen USA
? Date/Time: Sun Jun 08 19:48:18 2014
6|
7| Heat Exchanger: 24-HA-102
8
= CONDITIONS
11] Name Field 1 Wet Gas Heating Medium Inlet 4 |Field 1 Gas to Contactor [Heating Medium Outlet 4
12| Vapour 1.0000 0.0000 1.0000 0.0000
13| Temperature (© 25.0000 150.0000 * 28.0000 * 100.0000 *
14] Pressure (kPa) 4930.0000 1100.0000 * 4830.0000 * 1000.0000 *
15] Molar Flow (kgmole/h) 48543.5903 679.5104 48543.5903 679.5104
16| Mass Flow (kg/h) 957250.5369 52651.4266 957250.5369 52651.4266
17| Std Ideal Lig Vol Flow (m3/h) 2811.6979 47.4382 2811.6979 47.4382
18] Molar Enthalpy (kJ/kgmole) -8.352e+004 -4.912e+005 -8.335e+004 -5.035e+005
19] Molar Entropy (kJ/kgmole-C) 152.6 172.4 153.3 141.7
20] Heat Flow (kJ/h) -4.0544e+09 -3.3381e+08 -4.0461e+09 -3.4212e+08
— PROPERTIES
23] Name Field 1 Wet Gas Heating Medium Inlet 4 Field 1 Gas to Contactordeating Medium Outlet 4
24] Molecular Weight 19.72 77.48 19.72 77.48
25] Molar Density (kgmole/m3) 2.271 12.94 2.184 13.60
26] Mass Density (kg/m3) 44.78 1003 43.08 1054
27] Act. Volume Flow (m3/h) 2.138e+004 52.51 2.222e+004 49.98
28] Mass Enthalpy (kJ/kg) -4235 -6340 -4227 -6498
29| Mass Entropy (kJ/kg-C) 7.739 2.224 7.776 1.828
30| Heat Capacity (kJ/kgmole-C) 48.89 255.2 48.50 234.3
31] Mass Heat Capacity (kJ/kg-C) 2.479 3.294 2.460 3.024
32] LHV Molar Basis (Std) (kJ/kgmole) 1.462e+006 1.462e+006
33] HHV Molar Basis (Std) (kJ/kgmole) 1.614e+006 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) 2.083e+004 2.083e+004
35] CO2 Loading
36] CO2 Apparent Mole Conc. (kgmole/m3) 0.0000 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) 0.0000 0.0000
38] LHV Mass Basis (Std) (kJ/kg) 1.887e+004 1.887e+004
39| Phase Fraction [Vol. Basis] 1.000 0.0000 1.000 0.0000
40] Phase Fraction [Mass Basis] 1.000 0.0000 1.000 0.0000
41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 1.000 0.0000
42] Mass Exergy (kJ/kg) 472.8 65.58 470.6 25.75
43| Partial Pressure of CO2 (kPa) 77.39 0.0000 75.82 0.0000
44] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 2.138e+004 2.222e+004
46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32
47] Specific Heat (kJ/kgmole-C) 48.89 255.2 48.50 234.3
48] Std. Gas Flow (STD_m3/h) 1.148e+006 1.607e+004 1.148e+006 1.607e+004
49] Std. Ideal Lig. Mass Density  (kg/m3) 340.5 1110 340.5 1110
50] Act. Lig. Flow (m3/s) 0.0000 1.459e-002 1.388e-002
51| Z Factor 2.416e-002 0.8831 2.371e-002
52] Watson K 17.97 8.816 17.97 8.816
53] User Property
54| Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55] Cp/(Cp-R) 1.205 1.034 1.207 1.037
56] Cp/Cv 1.489 1.064 1.472 1.062
57] Heat of Vap. (kd/kgmole) 9666 7.244e+004 9771 7.313e+004
58] Kinematic Viscosity (cst) 0.2819 1.147 0.2939 2.315
59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8365 1130 0.8365 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.144e+006 46.60 1.144e+006 46.60
61| Liquid Fraction 0.0000 1.000 0.0000 1.000
62] Molar Volume (m3/kgmole) 0.4404 7.728e-002 0.4578 7.355e-002
63] Mass Heat of Vap. (kJ/kg) 490.2 934.9 495.5 943.9
64] Phase Fraction [Molar Basis] 1.0000 0.0000 1.0000 0.0000
65] Surface Tension (dyne/cm) 35.73 40.78
66] Thermal Conductivity (W/m-K) 3.558e-002 0.2310 3.580e-002 0.2295
67| Viscosity (cP) 1.262e-002 1.150 1.266e-002 2.438
68] Cv (Semi-ldeal) (kJ/kgmole-C) 40.57 246.9 40.19 226.0
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF
Burlington, MA

aspen

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Sun Jun 08 19:48:18 2014

Heat Exchanger: 24-HA-102 (continued)

=
= oI(D oonlIoa LnIJstINIl—\

PROPERTIES
Name Field 1 Wet Gas Heating Medium Inlet 4 Field 1 Gas to Contactordeating Medium Outlet 4

12] Mass Cv (Semi-ldeal) (kJ/kg-C) 2.057 3.187 2.038 2.916
13] Cv (kJ/kgmole-C) 32.82 240.0 32.94 220.5
14] Mass Cv (kJ/kg-C) 1.665 3.097 1.671 2.846
15] Cv (Ent. Method) (kJ/kgmole-C) 205.9 195.1
16] Mass Cv (Ent. Method) (kJ/kg-C) 2.657 2.517
17| Cp/Cv (Ent. Method) 1.240 1.201
18] Reid VP at 37.8 C (kPa) 9.847e-004 9.847e-004
19| True VP at37.8C (kPa) 3.420 3.420
20| Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1.144e+006 46.60 1.144e+006 46.60
21] Viscosity Index 5.070 12.83
= DETAILS

Overall/Detailed Performance

26| Duty: 8.316e+06 kJ/h UA Curv. Error: 0.00e-01 kJ/C-h
27] Heat Leak: 0.000e-01 kJ/h Hot Pinch Temp: 100.0 C
28] Heat Loss: 0.000e-01 kJ/h Cold Pinch Temp: 25.00 C
29| UA: 8.632e+04 kJ/C-h Ft Factor:
30| Min. Approach: 75.00 C Uncorrected Lmtd: 96.60 C
31| Lmtd: 96.34 C

2]

53]

4]

35

36

57

38

39

40

41)

4_2

ﬁ

ﬂ

ﬁ

ﬁ

ﬂ

4_8

49|

50|

51

52

53]

54

55|

56

57|

58]

59

60|

61]

62

63|

64

65|

66

67]

68
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E Case Name: BASE CASE SIMULATION MODEL.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: S
n aspen USA
? Date/Time: Sun Jun 08 19:49:31 2014
6|
7| Heat Exchanger: 24-HA-202
8
= CONDITIONS
11] Name Field 2 Wet Gas Heating Medium Inlet 5 | 2 Gas to TEG Contactor [Heating Medium Outlet 5
12| Vapour 1.0000 0.0000 1.0000 0.0000
13| Temperature (© 25.0000 150.0000 * 28.0000 * 100.0000 *
14] Pressure (kPa) 5420.0000 1100.0000 * 5320.0000 * 1000.0000 *
15] Molar Flow (kgmole/h) 54998.7620 786.0151 54998.7620 786.0151
16| Mass Flow (kg/h) 1084637.5850 60903.8778 1084637.5850 60903.8778
17| Std Ideal Lig Vol Flow (m3/h) 3185.7806 54.8735 3185.7806 54.8735
18] Molar Enthalpy (kJ/kgmole) -8.364e+004 -4.912e+005 -8.347e+004 -5.035e+005
19] Molar Entropy (kJ/kgmole-C) 151.5 172.4 152.2 141.7
20| Heat Flow (kJ/h) -4.6001e+09 -3.8613e+08 -4.5905e+09 -3.9575e+08
— PROPERTIES
23] Name Field 2 Wet Gas Heating Medium Inlet 5}ld 2 Gas to TEG Contaceating Medium Outlet §
24] Molecular Weight 19.72 77.48 19.72 77.48
25] Molar Density (kgmole/m3) 2.530 12.94 2.437 13.60
26] Mass Density (kg/m3) 49.89 1003 48.05 1054
27] Act. Volume Flow (m3/h) 2.174e+004 60.74 2.257e+004 57.81
28] Mass Enthalpy (kJ/kg) -4241 -6340 -4232 -6498
29| Mass Entropy (kJ/kg-C) 7.682 2.224 7.719 1.828
30| Heat Capacity (kJ/kgmole-C) 50.06 255.2 49.61 234.3
31] Mass Heat Capacity (kJ/kg-C) 2.539 3.294 2.515 3.024
32] LHV Molar Basis (Std) (kJ/kgmole) 1.462e+006 1.462e+006
33] HHV Molar Basis (Std) (kJ/kgmole) 1.614e+006 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) 2.083e+004 2.083e+004
35] CO2 Loading
36] CO2 Apparent Mole Conc. (kgmole/m3) 0.0000 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) 0.0000 0.0000
38] LHV Mass Basis (Std) (kJ/kg) 1.887e+004 1.887e+004
39| Phase Fraction [Vol. Basis] 1.000 0.0000 1.000 0.0000
40] Phase Fraction [Mass Basis] 1.000 0.0000 1.000 0.0000
41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 1.000 0.0000
42] Mass Exergy (kJ/kg) 483.1 65.58 481.1 25.75
43| Partial Pressure of CO2 (kPa) 85.08 0.0000 83.51 0.0000
44] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45| Act. Gas Flow (ACT_m3/h) 2.174e+004 2.257e+004
46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32
47] Specific Heat (kJ/kgmole-C) 50.06 255.2 49.61 234.3
48] Std. Gas Flow (STD_m3/h) 1.300e+006 1.858e+004 1.300e+006 1.858e+004
49] Std. Ideal Lig. Mass Density  (kg/m3) 340.5 1110 340.5 1110
50] Act. Lig. Flow (m3/s) 0.0000 1.687e-002 1.606e-002
51| Z Factor 2.416e-002 0.8720 2.371e-002
52] Watson K 17.97 8.816 17.97 8.816
53] User Property
54| Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55] Cp/(Cp-R) 1.199 1.034 1.201 1.037
56] Cp/Cv 1.520 1.064 1.501 1.062
57] Heat of Vap. (kJ/kgmole) 9171 7.244e+004 9278 7.313e+004
58] Kinematic Viscosity (cst) 0.2570 1.147 0.2675 2.315
59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8365 1130 0.8365 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.297e+006 53.90 1.297e+006 53.90
61| Liquid Fraction 0.0000 1.000 0.0000 1.000
62] Molar Volume (m3/kgmole) 0.3953 7.728e-002 0.4104 7.355e-002
63] Mass Heat of Vap. (kJ/kg) 465.1 934.9 470.4 943.9
64] Phase Fraction [Molar Basis] 1.0000 0.0000 1.0000 0.0000
65] Surface Tension (dyne/cm) 35.73 40.78
66] Thermal Conductivity (W/m-K) 3.617e-002 0.2310 3.637e-002 0.2295
67| Viscosity (cP) 1.282e-002 1.150 1.285e-002 2.438
68] Cv (Semi-ldeal) (kJ/kgmole-C) 41.75 246.9 41.29 226.0
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NORWEGIAN UNIV OF
Burlington, MA

aspen

USA

Case Name: BASE CASE SIMULATION MODEL.HSC
Unit Set: Sl
Date/Time: Sun Jun 08 19:49:31 2014

Heat Exchanger: 24-HA-202 (continued)

=
= oI(D oonlIoa LnIJstINIl—\

PROPERTIES
Name Field 2 Wet Gas Heating Medium Inlet 5}Id 2 Gas to TEG Contacfeating Medium Outlet §

12] Mass Cv (Semi-ldeal) (kJ/kg-C) 2.117 3.187 2.094 2.916
13] Cv (kJ/kgmole-C) 32.94 240.0 33.06 220.5
14] Mass Cv (kJ/kg-C) 1.670 3.097 1.676 2.846
15] Cv (Ent. Method) (kJ/kgmole-C) 205.9 195.1
16] Mass Cv (Ent. Method) (kJ/kg-C) 2.657 2.517
17| Cp/Cv (Ent. Method) 1.240 1.201
18| Reid VP at37.8C (kPa) 9.847e-004 9.847e-004
19| True VP at37.8C (kPa) 3.420 3.420
20| Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 1.297e+006 53.90 1.297e+006 53.90
21] Viscosity Index 5.070 12.83
— DETAILS

Overall/Detailed Performance

26| Duty: 9.619e+06 kJ/h UA Curv. Error: 0.00e-01 kJ/C-h
27] Heat Leak: 0.000e-01 kJ/h Hot Pinch Temp: 100.0 C
28] Heat Loss: 0.000e-01 kJ/h Cold Pinch Temp: 25.00 C
29| UA: 9.985e+04 kJ/C-h Ft Factor:
30| Min. Approach: 75.00 C Uncorrected Lmtd: 96.60 C
31| Lmtd: 96.34 C

2]

53]

4]

35

36

57

38

39

40

41)

4_2

ﬁ

ﬂ

ﬁ

ﬁ

ﬂ

4_8

49|

50|

51

52

53]

54

55|

56

57|

58]

59

60|

61]

62

63|

64

65|

66

67]

68
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= Case Name: BASE CASE SIMULATION MODEL.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: Sl
n aspen USA
? Date/Time: Mon Jun 09 12:54:39 2014
| © |
7. LNG: 24-HJ-101
8
9
m CONDITIONS
11] Name Inlet to 24-HJ-101 Cooling Medium Inlet 4 QOutlet from 24-HJ-101 | Cooling Medium Outlet 4
12| Vapour 1.0000 0.0000 0.9959 0.0000
13] Temperature (C) 135.2802 20.0000 * 25.0000 * 80.0000 *
14] Pressure (kPa) 5030.0000 1000.0000 * 4930.0000 * 900.0000 *
15] Molar Flow (kgmole/h) 4.874e+004 2.073e+004 4.874e+004 2.073e+004
16] Mass Flow (kg/h) 9.658e+005 1.606e+006 9.658e+005 1.606e+006
17] Std Ideal Lig Vol Flow (m3/h) 2824 1447 2824 1447
18] Molar Enthalpy (kJ/kgmole) -7.860e+004 -5.210e+005 -8.411e+004 -5.081e+005
19] Molar Entropy (kJ/kgmole-C) 167.9 88.84 152.3 129.0
20] Heat Flow (kJ/h) -3.831e+009 -1.080e+010 -4.100e+009 -1.053e+010
% PROPERTIES
23] Name Inlet to 24-HJ-101 | Cooling Medium Inlet 4 | Outlet from 24-HJ-101 [Cooling Medium Outlet 4
24] Molecular Weight 19.81 77.48 19.81 77.48
25] Molar Density (kgmole/m3) 1.524 14.54 2.279 13.84
26] Mass Density (kg/m3) 30.19 1127 45.15 1072
27] Act. Volume Flow (m3/h) 3.199e+004 1426 2.139e+004 1498
28| Mass Enthalpy (kI/kg) -3967 6725 -4245 -6558
29] Mass Entropy (kJ/kg-C) 8.475 1.147 7.688 1.665
30| Heat Capacity (kd/kgmole-C) 50.43 205.6 49.17 226.6
31| Mass Heat Capacity (kI/kg-C) 2.545 2.654 2.482 2.925
32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006
33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004
35] CO2 Loading - --- ---
36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000
38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004
39| Phase Fraction [Vol. Basis] 1.000 0.0000 0.9956 0.0000
40] Phase Fraction [Mass Basis] 1.000 0.0000 0.9911 0.0000
41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 0.9994 0.0000
42| Mass Exergy (kI/kg) 513.4 2.394 470.1 14.86
43| Partial Pressure of CO2 (kPa) 78.72 0.0000 77.39 0.0000
44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 3.199e+004 2.138e+004
46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32
47] Specific Heat (kd/kgmole-C) 50.43 205.6 49.17 226.6
48] Std. Gas Flow (STD_m3/h) 1.153e+006 4.902e+005 1.153e+006 4.902e+005
49] Std. Ideal Lig. Mass Density (kg/m3) 342.0 1110 342.0 1110
50] Act. Lig. Flow (m3/s) - 0.3961 3.492e-003 0.4161
51| Z Factor 0.9722 2.822e-002 - 2.215e-002
52| Watson K 17.93 8.816 17.93 8.816
53] User Property --- --- ---
54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55| Cp/(Cp - R) 1.197 1.042 1.203 1.038
56] Cp/Cv 1.282 1.059 1.483 1.062
57] Heat of Vap. (kJ/kgmole) 1.090e+004 7.313e+004 1.098e+004 7.380e+004
58] Kinematic Viscosity (cSt) 0.5187 15.21 - 3.464
59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8405 1130 0.8405 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.149e+006 1422 1.149e+006 1422
61] Liquid Fraction 0.0000 1.000 4.093e-003 1.000
62] Molar Volume (m3/kgmole) 0.6563 6.877e-002 0.4388 7.225e-002
63] Mass Heat of Vap. (kJ/kg) 550.2 943.9 554.2 952.5
64] Phase Fraction [Molar Basis] 1.0000 0.0000 0.9959 0.0000
65| Surface Tension (dyne/cm) --- 48.40 42.74
66] Thermal Conductivity (W/m-K) 5.008e-002 0.2165 0.2274
67] Viscosity (cP) 1.566e-002 17.13 3.715
68] Cv (Semi-Ideal) (kJ/kgmole-C) 42.11 197.3 40.86 218.3
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name:

BASE CASE SIMULATION MODEL.HSC

Unit Set:

Sl

Date/Time:

Mon Jun 09 12:54:39 2014

LNG: 24-HJ-101 (continued)

PROPERTIES

Name

Inlet to 24-HJ-101

Cooling Medium Inlet 4

Outlet from 24-HJ-101

Cooling Medium Outlet 4

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.125

2.547

2.062

2.818

Cv (kd/kgmole-C)

39.33

194.1

33.17

213.3

Mass Cv (kJ/kg-C)

1.985

2.506

1.674

2.753

Cv (Ent. Method) (kd/kgmole-C)

179.3

190.6

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method) (kJ/kg-C)

2.314

2.460

17

Cp/Cv (Ent. Method)

1.147

1.189

18

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C (kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.149e+006

1422

1.144e+006

1422

21

Viscosity Index

-34.28

25.80

16.38

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
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= Case Name: BASE CASE SIMULATION MODEL.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: Sl
n aspen USA
? Date/Time: Mon Jun 09 12:53:25 2014
| © |
7. LNG: 24-HJ-201
8
9
m CONDITIONS
11] Name Inlet to 24-HJ-201 Cooling Medium Inlet 8 QOutlet from 24-HJ-201 | Cooling Medium Outlet 8
12| Vapour 1.0000 0.0000 0.9958 0.0000
13] Temperature (C) 142.4725 20.0000 * 25.0000 * 80.0000 *
14] Pressure (kPa) 5520.0000 1000.0000 * 5420.0000 * 900.0000 *
15] Molar Flow (kgmole/h) 5.523e+004 2.535e+004 5.523e+004 2.535e+004
16] Mass Flow (kg/h) 1.094e+006 1.964e+006 1.094e+006 1.964e+006
17] Std Ideal Lig Vol Flow (m3/h) 3200 1770 3200 1770
18] Molar Enthalpy (kJ/kgmole) -7.830e+004 -5.210e+005 -8.423e+004 -5.081e+005
19] Molar Entropy (kJ/kgmole-C) 167.9 88.84 151.2 129.0
20] Heat Flow (kJ/h) -4.324e+009 -1.321e+010 -4.652e+009 -1.288e+010
% PROPERTIES
23] Name Inlet to 24-HJ-201 | Cooling Medium Inlet 8 | Outlet from 24-HJ-201 [Cooling Medium Outlet §
24] Molecular Weight 19.81 77.48 19.81 77.48
25] Molar Density (kgmole/m3) 1.641 14.54 2.539 13.84
26] Mass Density (kg/m3) 32.51 1127 50.30 1072
27] Act. Volume Flow (m3/h) 3.366e+004 1743 2.175e+004 1831
28| Mass Enthalpy (kI/kg) -3952 6725 -4251 -6558
29] Mass Entropy (kJ/kg-C) 8.474 1.147 7.632 1.665
30] Heat Capacity (kJ/kgmole-C) 51.08 205.6 50.34 226.6
31| Mass Heat Capacity (kI/kg-C) 2.578 2.654 2.541 2.925
32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006
33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004
35] CO2 Loading - - -
36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000
38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004
39| Phase Fraction [Vol. Basis] 1.000 0.0000 0.9955 0.0000
40] Phase Fraction [Mass Basis] 1.000 0.0000 0.9911 0.0000
41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 0.9993 0.0000
42| Mass Exergy (kI/kg) 529.0 2.394 480.4 14.86
43| Partial Pressure of CO2 (kPa) 86.39 0.0000 85.08 0.0000
44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 3.366e+004 2.174e+004 -
46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32
47] Specific Heat (kd/kgmole-C) 51.08 205.6 50.34 226.6
48] Std. Gas Flow (STD_m3/h) 1.306e+006 5.993e+005 1.306e+006 5.993e+005
49] Std. Ideal Lig. Mass Density (kg/m3) 342.0 1110 342.0 1110
50] Act. Lig. Flow (m3/s) - 0.4842 4.010e-003 0.5087
51| Z Factor 0.9735 2.822e-002 - 2.215e-002
52| Watson K 17.93 8.816 17.93 8.816
53] User Property -
54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55| Cp/(Cp - R) 1.194 1.042 1.198 1.038
56] Cp/Cv 1.282 1.059 1.513 1.062
57] Heat of Vap. (kJ/kgmole) 1.052e+004 7.313e+004 1.059e+004 7.380e+004
58] Kinematic Viscosity (cSt) 0.4907 15.21 - 3.464
59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8405 1130 0.8405 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.302e+006 1738 1.302e+006 1738
61] Liquid Fraction 0.0000 1.000 4.206e-003 1.000
62] Molar Volume (m3/kgmole) 0.6094 6.877e-002 0.3939 7.225e-002
63] Mass Heat of Vap. (kJ/kg) 530.7 943.9 534.7 952.5
64] Phase Fraction [Molar Basis] 1.0000 0.0000 0.9958 0.0000
65| Surface Tension (dyne/cm) --- 48.40 42.74
66] Thermal Conductivity (W/m-K) 5.146e-002 0.2165 0.2274
67] Viscosity (cP) 1.595e-002 17.13 3.715
68] Cv (Semi-Ideal) (kJ/kgmole-C) 42.76 197.3 42.03 218.3
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name:

BASE CASE SIMULATION MODEL.HSC

Unit Set:

Sl

Date/Time:

Mon Jun 09 12:53:25 2014

LNG: 24-HJ-201 (continued)

PROPERTIES

Name

Inlet to 24-HJ-201

Cooling Medium Inlet 8

Outlet from 24-HJ-201

Cooling Medium Outlet §

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.158

2.547

2121

2.818

Cv (kd/kgmole-C)

39.85

194.1

33.28

213.3

Mass Cv (kJ/kg-C)

2.011

2.506

1.680

2.753

Cv (Ent. Method) (kd/kgmole-C)

179.3

190.6

NEREEEEEE
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Mass Cv (Ent. Method) (kJ/kg-C)

2.314

2.460

17

Cp/Cv (Ent. Method)

1.147

1.189

18

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C (kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.302e+006

1738

1.297e+006

1738

21

Viscosity Index

-35.39

25.80

16.38

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
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Appendix B — Process Datasheets for Heat Exchangers in Case Study |



= Case Name:  CASE STUDY 1.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: S
n aspen USA
? Date/Time: Mon Jun 09 01:34:49 2014
6|
7| Heat Exchanger: 20-HA-003
8
= CONDITIONS
11] Name let to Stabilization Heater Heating Medium Inlet 3 |t to Secondary Separator [Heating Medium Outlet 3
12| Vapour 0.0148 0.0000 0.0228 0.0000
13| Temperature (© 54.9165 150.0000 * 77.6271 * 100.0000 *
14] Pressure (kPa) 800.0000 1100.0000 * 700.0000 * 1000.0000 *
15] Molar Flow (kgmole/h) 8980.9947 5125.8344 8980.9947 5125.8344
16| Mass Flow (kg/h) 1184961.0373 397171.9902 1184961.0373 397171.9902
17| Std Ideal Lig Vol Flow (m3/h) 1376.3849 357.8461 1376.3849 357.8461
18] Molar Enthalpy (kJ/kgmole) -3.867e+005 -4.912e+005 -3.797e+005 -5.035e+005
19] Molar Entropy (kJ/kgmole-C) 286.7 172.4 307.4 141.7
20] Heat Flow (kJ/h) -3.4728e+09 -2.5180e+09 -3.4101e+09 -2.5808e+09
— PROPERTIES
23] Name let to Stabilization Heat{Heating Medium Inlet 3 et to Secondary Separa1|-leating Medium Outlet 3
24] Molecular Weight 131.9 77.48 131.9 77.48
25] Molar Density (kgmole/m3) 4.801 12.94 3.918 13.60
26] Mass Density (kg/m3) 633.4 1003 516.9 1054
27] Act. Volume Flow (m3/h) 1871 396.1 2292 377.0
28] Mass Enthalpy (kJ/kg) -2931 -6340 -2878 -6498
29| Mass Entropy (kJ/kg-C) 2.173 2.224 2.330 1.828
30| Heat Capacity (kJ/kgmole-C) 295.6 255.2 307.0 234.3
31] Mass Heat Capacity (kJ/kg-C) 2.241 3.294 2.327 3.024
32] LHV Molar Basis (Std) (kJ/kgmole) 1.462e+006 1.462e+006
33] HHV Molar Basis (Std) (kJ/kgmole) 1.614e+006 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) 2.083e+004 2.083e+004
35] CO2 Loading
36] CO2 Apparent Mole Conc. (kgmole/m3) 0.0000 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) 0.0000 0.0000
38] LHV Mass Basis (Std) (kJ/kg) 1.887e+004 1.887e+004
39| Phase Fraction [Vol. Basis] 5.810e-003 0.0000 9.251e-003 0.0000
40] Phase Fraction [Mass Basis] 2.457e-003 0.0000 4.328e-003 0.0000
41] Phase Fraction [Act. Vol. Basis] 0.2376 0.0000 0.3646 0.0000
42] Mass Exergy (kJ/kg) 4.907 65.58 11.19 25.75
43| Partial Pressure of CO2 (kPa) 17.00 0.0000 16.10 0.0000
44] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 4445 835.8
46] Avg. Lig. Density (kgmole/m3) 6.525 14.32 6.525 14.32
47] Specific Heat (kJ/kgmole-C) 295.6 255.2 307.0 234.3
48] Std. Gas Flow (STD_m3/h) 2.124e+005 1.212e+005 2.124e+005 1.212e+005
49] Std. Ideal Lig. Mass Density  (kg/m3) 860.9 1110 860.9 1110
50] Act. Lig. Flow (m3/s) 0.3962 0.1100 0.4046 0.1047
51| Z Factor 2.416e-002 2.371e-002
52] Watson K 11.63 8.816 11.63 8.816
53] User Property
54| Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55] Cp/(Cp-R) 1.029 1.034 1.028 1.037
56] Cp/Cv 1.002 1.064 1.002 1.062
57] Heat of Vap. (kd/kgmole) 2.001e+005 7.244e+004 2.014e+005 7.313e+004
58] Kinematic Viscosity (cst) 1.147 2.315
59] Lig. Mass Density (Std. Cond) (kg/m3) 859.9 1130 859.9 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1378 351.5 1378 351.5
61| Liquid Fraction 0.9852 1.000 0.9772 1.000
62] Molar Volume (m3/kgmole) 0.2083 7.728e-002 0.2552 7.355e-002
63] Mass Heat of Vap. (kJ/kg) 1517 934.9 1526 943.9
64] Phase Fraction [Molar Basis] 0.0148 0.0000 0.0228 0.0000
65] Surface Tension (dyne/cm) 35.73 40.78
66] Thermal Conductivity (W/m-K) 0.2310 0.2295
67] Viscosity (cP) 1.150 2.438
68] Cv (Semi-ldeal) (kJ/kgmole-C) 287.3 246.9 298.7 226.0
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF
Burlington, MA

aspen

USA

Case Name: CASE STUDY 1.HSC
Unit Set: Sl
Date/Time: Mon Jun 09 01:34:49 2014

Heat Exchanger: 20-HA-003 (continued)

=
= oI(D oonlIoa LnIJstINIl—\

PROPERTIES
Name let to Stabilization Heat{Heating Medium Inlet 3let to Secondary SeparafHeating Medium Outlet J

12] Mass Cv (Semi-ldeal) (kJ/kg-C) 2.178 3.187 2.264 2.916
13] Cv (kJ/kgmole-C) 295.1 240.0 306.4 220.5
14] Mass Cv (kJ/kg-C) 2.236 3.097 2.322 2.846
15] Cv (Ent. Method) (kJ/kgmole-C) 205.9 195.1
16] Mass Cv (Ent. Method) (kJ/kg-C) 2.657 2.517
17| Cp/Cv (Ent. Method) 1.240 1.201
18| Reid VP at37.8C (kPa) 153.0 9.847e-004 153.0 9.847e-004
19| True VP at37.8C (kPa) 1363 3.420 1363 3.420
20| Lig. Vol. Flow - Sum(Std. Cond) (m3/h) 4500 351.5 6172 351.5
21| Viscosity Index 17.24 5.070 13.91 12.83
— DETAILS

Overall/Detailed

Performance

26| Duty: 6.273e+07 kJ/h UA Curv. Error: 0.00e-01 kJ/C-h
27] Heat Leak: 0.000e-01 kJ/h Hot Pinch Temp: 100.0 C
28] Heat Loss: 0.000e-01 kJ/h Cold Pinch Temp: 54.92 C
29| UA: 1.158e+06 kJ/C-h Ft Factor:
30| Min. Approach: 45.08 C Uncorrected Lmtd: 57.66 C
31| Lmtd: 54.17C

2]

53]

4]

35

36

57

38

39

40

41)

4_2

ﬁ

ﬂ

ﬁ

ﬁ

ﬂ

4_8

49|

50|

51

52

53]

54

55|

56

57|

58]

59

60|

61]

62

63|

64

65|

66

67]

68
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= Case Name:  CASE STUDY 1.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: S
n aspen USA
S | Date/Time: Mon Jun 09 01:40:16 2014
6|
7| Heat Exchanger: 21-HB-001
8
= CONDITIONS
11] Name Hot Export Oil Sea Water Inlet Low Temp Export Oil Sea Water Outlet
12| Vapour 0.0000 0.0000 0.0000 0.0000
13| Temperature (© 75.1186 8.0000 * 54.7998 * 45.0000 *
14] Pressure (kPa) 750.0000 1000.0000 * 550.0000 * 900.0000 *
15] Molar Flow (kgmole/h) 6300.3826 17358.1373 6300.3826 17358.1373
16| Mass Flow (kg/h) 1138593.4197 312708.5873 1138593.4197 312708.5873
17| Std Ideal Lig Vol Flow (m3/h) 1318.0638 313.3396 1318.0638 313.3396
18] Molar Enthalpy (kJ/kgmole) -4.319e+005 -2.877e+005 -4.401e+005 -2.847e+005
19] Molar Entropy (kJ/kgmole-C) 402.2 48.59 378.2 58.47
20] Heat Flow (kJ/h) -2.7214e+09 -4.9939e+09 -2.7727e+09 -4.9426e+09
— PROPERTIES
23] Name Hot Export Oil Sea Water Inlet Low Temp Export Oil Sea Water Outlet
24] Molecular Weight 180.7 18.02 180.7 18.02
25] Molar Density (kgmole/m3) 4.483 56.63 4.580 55.09
26] Mass Density (kg/m3) 810.1 1020 827.7 992.4
27] Act. Volume Flow (m3/h) 1405 306.5 1376 315.1
28] Mass Enthalpy (kJ/kg) -2390 -1.597e+004 -2435 -1.581e+004
29| Mass Entropy (kJ/kg-C) 2.225 2.697 2.093 3.246
30| Heat Capacity (kJ/kgmole-C) 403.8 80.12 389.2 79.88
31] Mass Heat Capacity (kJ/kg-C) 2.234 4.447 2.154 4.434
32] LHV Molar Basis (Std) (kJ/kgmole) 0.0000 0.0000
33] HHV Molar Basis (Std) (kJ/kgmole) 4.101e+004 4.101e+004
34] HHV Mass Basis (Std) (kJ/kg) 2276 2276
35] CO2 Loading
36] CO2 Apparent Mole Conc. (kgmole/m3) 1.120e-003 0.0000 1.144e-003 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) 1.383e-006 0.0000 1.383e-006 0.0000
38] LHV Mass Basis (Std) (kJ/kg)
39| Phase Fraction [Vol. Basis] 0.0000 0.0000 0.0000 0.0000
40] Phase Fraction [Mass Basis] 0.0000 0.0000 0.0000 0.0000
41] Phase Fraction [Act. Vol. Basis] 0.0000 0.0000 0.0000 0.0000
42] Mass Exergy (kJ/kg) 9.025 3.429 3.491 3.905
43| Partial Pressure of CO2 (kPa) 0.0000 0.0000 0.0000 0.0000
44] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h)
46] Avg. Lig. Density (kgmole/m3) 4.780 55.40 4.780 55.40
47] Specific Heat (kJ/kgmole-C) 403.8 80.12 389.2 79.88
48] Std. Gas Flow (STD_m3/h) 1.490e+005 4.104e+005 1.490e+005 4.104e+005
49] Std. Ideal Lig. Mass Density  (kg/m3) 863.8 998.0 863.8 998.0
50] Act. Lig. Flow (m3/s) 0.3904 8.514e-002 0.3821 8.753e-002
51| Z Factor 7.554e-003 6.177e-003
52] Watson K 11.65 11.65
53] User Property
54| Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55] Cp/(Cp-R) 1.021 1.116 1.022 1.116
56] Cp/Cv 1.264 1.130 1.265 1.153
57] Heat of Vap. (kd/kgmole) 1.985e+005 3.659e+004 1.999e+005 3.688e+004
58] Kinematic Viscosity (cst) 3.817 1.348 5.836 0.5984
59] Lig. Mass Density (Std. Cond) (kg/m3) 854.3 1015 854.3 1015
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1333 308.1 1333 308.1
61| Liquid Fraction 1.000 1.000 1.000 1.000
62] Molar Volume (m3/kgmole) 0.2231 1.766e-002 0.2183 1.815e-002
63] Mass Heat of Vap. (kJ/kg) 1098 2031 1106 2047
64] Phase Fraction [Molar Basis] 0.0000 0.0000 0.0000 0.0000
65] Surface Tension (dyne/cm) 75.03 68.62
66] Thermal Conductivity (W/m-K) 0.1171 0.5834 0.1196 0.6376
67| Viscosity (cP) 3.092 1.375 4.831 0.5939
68] Cv (Semi-ldeal) (kJ/kgmole-C) 395.5 71.81 380.9 71.57
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF

Burlington, MA
aspen o

Case Name: CASE STUDY 1.HSC
Unit Set:
Date/Time: Mon Jun 09 01:40:16 2014

Heat Exchanger: 21-HB-001 (continued)

PROPERTIES

=
= oI(D oonlIoa LnIJstINIl—\

Name

Hot Export Oil

Sea Water Inlet

Low Temp Export Oil

Sea Water Outlet

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.188

3.986

2.108

3.973

Cv (kJ/kgmole-C)

319.3

70.88

307.8

69.28

Mass Cv (kJ/kg-C)

1.767

3.935

1.703

3.846

Cv (Ent. Method) (kJ/kgmole-C)

Mass Cv (Ent. Method) (kJ/kg-C)

Cp/Cv (Ent. Method)

Reid VP at 37.8 C (kPa)

6.442

True VP at 37.8 C (kPa)

6.442

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

308.1

Viscosity Index

7.070

DETAILS

Overall/Detailed Performance

Duty:

5.131e+07 kJ/h

UA Curv. Error:

0.00e-01 kJ/C-h

Heat Leak:

0.000e-01 kJ/h

Hot Pinch Temp:

75.12C

Heat Loss:

0.000e-01 kJ/h

Cold Pinch Temp:

45.00 C

UA:

1.499e+06 kJ/C-h

Ft Factor:

Min. Approach:

30.12C Uncorrected Lmtd:

37.85C

Lmtd:

34.23C

Aspen Technology Inc.

Aspen HYSYS Version 8.3 (29.0.0.8315)
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Appendix C — Process Datasheets for Heat Exchangers in Case
Study 11



NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name: CASE STUDY 2.HSC
Unit Set: Sl
Date/Time: Mon Jun 09 13:33:25 2014

Heat Exchanger: 24-HA-102

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

CONDITIONS

Name Field 1 Wet Gas Heating Medium Inlet 4 | Field 1 Gas to Contactor |Heating Medium Outlet 4
Vapour 1.0000 0.0000 1.0000 0.0000
Temperature (C) 25.0000 100.0000 28.0000 * 90.0000 *
Pressure (kPa) 4930.0000 1000.0000 4830.0000 * 900.0000 *
Molar Flow (kgmole/h) 48543.5493 3557.8692 48543.5493 3557.8692
Mass Flow (kg/h) 957248.8623 275679.2127 957248.8623 275679.2127

17] Std Ideal Lig Vol Flow (m3/h) 2811.6945 248.3829 2811.6945 248.3829

18] Molar Enthalpy (kJ/kgmole) -8.352e+004 -5.035e+005 -8.335e+004 -5.058e+005

19] Molar Entropy (kJ/kgmole-C) 152.6 141.7 153.3 135.4

20] Heat Flow (kJ/h) -4.0544e+09 -1.7913e+09 -4.0461e+09 -1.7996e+09

% PROPERTIES

23] Name Field 1 Wet Gas Heating Medium Inlet 4 |Field 1 Gas to ContactorHeating Medium Outlet 4

24] Molecular Weight 19.72 77.48 19.72 77.48

25] Molar Density (kgmole/m3) 2.271 13.60 2.184 13.72

26] Mass Density (kg/m3) 44,78 1054 43.08 1063

27] Act. Volume Flow (m3/h) 2.138e+004 261.7 2.222e+004 259.3

28| Mass Enthalpy (kI/kg) -4235 -6498 -4227 -6528

29] Mass Entropy (kJ/kg-C) 7.739 1.828 7.776 1.747

30| Heat Capacity (kd/kgmole-C) 48.89 234.3 48.50 230.4

31| Mass Heat Capacity (kI/kg-C) 2.479 3.024 2.460 2.974

32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006

33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006

34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004

35] CO2 Loading - --- ---

36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000

37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000

38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004

39| Phase Fraction [Vol. Basis] 1.000 0.0000 1.000 0.0000

40] Phase Fraction [Mass Basis] 1.000 0.0000 1.000 0.0000

41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 1.000 0.0000

42| Mass Exergy (kI/kg) 472.8 25.75 470.6 19.80

43| Partial Pressure of CO2 (kPa) 77.39 0.0000 75.82 0.0000

44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000

45] Act. Gas Flow (ACT_m3/h) 2.138e+004 2.222e+004 ---

46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32

47] Specific Heat (kd/kgmole-C) 48.89 234.3 48.50 230.4

48] Std. Gas Flow (STD_m3/h) 1.148e+006 8.412e+004 1.148e+006 8.412e+004

49] Std. Ideal Lig. Mass Density (kg/m3) 340.5 1110 340.5 1110

50] Act. Lig. Flow (m3/s) 0.0000 7.269e-002 - 7.204e-002

51] Z Factor - 2.371e-002 0.8831 2.173e-002

52| Watson K 17.97 8.816 17.97 8.816

53] User Property --- --- ---

54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000

55| Cp/(Cp - R) 1.205 1.037 1.207 1.037

56] Cp/Cv 1.489 1.062 1.472 1.062

57| Heat of Vap. (kI/kgmole) 9666 7.313e+004 9771 7.380e+004

58] Kinematic Viscosity (cSt) 0.2819 2.315 0.2939 2.807

59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8365 1130 0.8365 1130

60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.144e+006 244.0 1.144e+006 244.0

61] Liquid Fraction 0.0000 1.000 0.0000 1.000

62] Molar Volume (m3/kgmole) 0.4404 7.355e-002 0.4578 7.289e-002

63] Mass Heat of Vap. (kJ/kg) 490.2 943.9 495.5 952.5

64] Phase Fraction [Molar Basis] 1.0000 0.0000 1.0000 0.0000

65| Surface Tension (dyne/cm) --- 40.78 - 41.76

66] Thermal Conductivity (W/m-K) 3.558e-002 0.2295 3.580e-002 0.2285

67] Viscosity (cP) 1.262e-002 2.438 1.266e-002 2.984

68] Cv (Semi-Ideal) (kJ/kgmole-C) 40.57 226.0 40.19 222.1

69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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NORWEGIAN UNIV OF
Burlington, MA

aspen

USA

Case Name: CASE STUDY 2.HSC
Unit Set: Sl
Date/Time: Mon Jun 09 13:33:25 2014

Heat Exchanger: 24-HA-102 (continued)

PROPERTIES

Name

Field 1 Wet Gas

Heating Medium Inlet 4

Field 1 Gas to Contactor,

Heating Medium Outlet 4

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.057

2.916

2.038

2.867

Cv (kd/kgmole-C)

32.82

220.5

32.94

216.9

Mass Cv (kJ/kg-C)

1.665

2.846

1.671

2.799

Cv (Ent. Method) (kd/kgmole-C)

195.1

192.7

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method) (kJ/kg-C)

2.517

2.487

17

Cp/Cv (Ent. Method)

1.201

1.196

18

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C (kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.144e+006

244.0

1.144e+006

244.0

21

Viscosity Index

12.83

14.60

22
23

DETAILS

24
25

Overall/Detailed Performance

26

Duty:

8.316e+06 kJ/h

UA Curv. Error:

0.00e-01 kJ/C-h

27

Heat Leak:

0.000e-01 kJ/h

Hot Pinch Temp:

90.00 C

28

Heat Loss:

0.000e-01 kJ/h

Cold Pinch Temp:

25.00C

29

UA:

1.216e+05 kJ/C-h

Ft Factor:

30

Min. Approach:

65.00 C

Uncorrected Lmtd:

68.44 C

31

Lmtd:

68.37 C

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
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aspen

NORWEGIAN UNIV OF
Burlington, MA

USA

Case Name: CASE STUDY 2.HSC
Unit Set: Sl
Date/Time: Mon Jun 09 13:36:00 2014

Heat Exchanger: 24-HA-202

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

CONDITIONS

Name Field 2 Wet Gas Heating Medium Inlet 5 | Field 2 Gas to Contactor |Heating Medium Outlet 5
Vapour 1.0000 0.0000 1.0000 0.0000
Temperature (C) 25.0000 100.0000 * 28.0000 * 90.0000 *
Pressure (kPa) 5420.0000 1000.0000 * 5320.0000 * 900.0000 *
Molar Flow (kgmole/h) 54998.7165 4115.5191 54998.7165 4115.5191
Mass Flow (kg/h) 1084635.7174 318888.3536 1084635.7174 318888.3536

17] Std Ideal Lig Vol Flow (m3/h) 3185.7768 287.3137 3185.7768 287.3137

18] Molar Enthalpy (kJ/kgmole) -8.364e+004 -5.035e+005 -8.347e+004 -5.058e+005

19] Molar Entropy (kJ/kgmole-C) 151.5 141.7 152.2 135.4

20] Heat Flow (kJ/h) -4.6001e+09 -2.0721e+09 -4.5905e+09 -2.0817e+09

% PROPERTIES

23] Name Field 2 Wet Gas Heating Medium Inlet 5 |Field 2 Gas to ContactorHeating Medium Outlet 5

24] Molecular Weight 19.72 77.48 19.72 77.48

25] Molar Density (kgmole/m3) 2.530 13.60 2.437 13.72

26] Mass Density (kg/m3) 49.89 1054 48.05 1063

27] Act. Volume Flow (m3/h) 2.174e+004 302.7 2.257e+004 300.0

28| Mass Enthalpy (kI/kg) -4241 -6498 -4232 -6528

29] Mass Entropy (kJ/kg-C) 7.682 1.828 7.719 1.747

30| Heat Capacity (kJ/kgmole-C) 50.06 234.3 49.61 230.4

31| Mass Heat Capacity (kI/kg-C) 2.539 3.024 2.515 2.974

32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006

33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006

34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004

35] CO2 Loading - --- ---

36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000

37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000

38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004

39| Phase Fraction [Vol. Basis] 1.000 0.0000 1.000 0.0000

40] Phase Fraction [Mass Basis] 1.000 0.0000 1.000 0.0000

41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 1.000 0.0000

42| Mass Exergy (kI/kg) 483.1 25.75 481.1 19.80

43| Partial Pressure of CO2 (kPa) 85.08 0.0000 83.51 0.0000

44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000

45] Act. Gas Flow (ACT_m3/h) 2.174e+004 2.257e+004 -

46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32

47] Specific Heat (kd/kgmole-C) 50.06 234.3 49.61 230.4

48] Std. Gas Flow (STD_m3/h) 1.300e+006 9.731e+004 1.300e+006 9.731e+004

49] Std. Ideal Lig. Mass Density (kg/m3) 340.5 1110 340.5 1110

50] Act. Lig. Flow (m3/s) 0.0000 8.408e-002 - 8.333e-002

51| Z Factor - 2.371e-002 0.8720 2.173e-002

52| Watson K 17.97 8.816 17.97 8.816

53] User Property --- --- ---

54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000

55| Cp/(Cp - R) 1.199 1.037 1.201 1.037

56] Cp/Cv 1.520 1.062 1.501 1.062

57| Heat of Vap. (kI/kgmole) 9171 7.313e+004 9278 7.380e+004

58] Kinematic Viscosity (cSt) 0.2570 2.315 0.2675 2.807

59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8365 1130 0.8365 1130

60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.297e+006 282.2 1.297e+006 282.2

61] Liquid Fraction 0.0000 1.000 0.0000 1.000

62] Molar Volume (m3/kgmole) 0.3953 7.355e-002 0.4104 7.289e-002

63] Mass Heat of Vap. (kJ/kg) 465.1 943.9 470.4 952.5

64] Phase Fraction [Molar Basis] 1.0000 0.0000 1.0000 0.0000

65| Surface Tension (dyne/cm) --- 40.78 - 41.76

66] Thermal Conductivity (W/m-K) 3.617e-002 0.2295 3.637e-002 0.2285

67] Viscosity (cP) 1.282e-002 2.438 1.285e-002 2.984

68] Cv (Semi-Ideal) (kJ/kgmole-C) 41.75 226.0 41.29 222.1
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NORWEGIAN UNIV OF
Burlington, MA

aspen

USA

Case Name: CASE STUDY 2.HSC
Unit Set: Sl
Date/Time: Mon Jun 09 13:36:00 2014

Heat Exchanger: 24-HA-202 (continued)

PROPERTIES

Name

Field 2 Wet Gas

Heating Medium Inlet 5

Field 2 Gas to Contactor,

Heating Medium Outlet §

Mass Cv (Semi-ldeal) (kJ/kg-C)

2117

2.916

2.094

2.867

Cv (kd/kgmole-C)

32.94

220.5

33.06

216.9

Mass Cv (kJ/kg-C)

1.670

2.846

1.676

2.799

Cv (Ent. Method) (kd/kgmole-C)

195.1

192.7

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method) (kJ/kg-C)

2.517

2.487

17

Cp/Cv (Ent. Method)

1.201

1.196

18

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C (kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.297e+006

282.2

1.297e+006

282.2

21

Viscosity Index

12.83

14.60

22
23

DETAILS

24
25

Overall/Detailed Performance

26

Duty:

9.619e+06 kJ/h

UA Curv. Error:

0.00e-01 kJ/C-h

27

Heat Leak:

0.000e-01 kJ/h

Hot Pinch Temp:

90.00 C

28

Heat Loss:

0.000e-01 kJ/h

Cold Pinch Temp:

25.00C

29

UA:

1.407e+05 kJ/C-h

Ft Factor:

30

Min. Approach:

65.00 C

Uncorrected Lmtd:

68.44 C

31

Lmtd:

68.37 C

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
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Appendix D — Process Datasheets for Heat Exchangers in Case
Study 111



= CaseName:  CASE STUDY 3.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: Sl
n aspen USA
? Date/Time: Wed Jun 11 17:56:23 2014
| © |
7. LNG: 24-HJ-101
8
9
m CONDITIONS
11] Name Field 1 Inlet to 24-HJ-101 Cooling Medium Inlet 4 | Inlet to Field 1 Contactor |Cooling Medium Outlet 4
12| Vapour 1.0000 0.0000 1.0000 * 0.0000
13] Temperature (C) 135.2823 20.0000 * 48.8340 80.0000 *
14] Pressure (kPa) 5030.0000 1000.0000 * 4930.0000 * 900.0000 *
15] Molar Flow (kgmole/h) 4.874e+004 1.589e+004 4.874e+004 1.589e+004
16] Mass Flow (kg/h) 9.657e+005 1.232e+006 9.657e+005 1.232e+006
17] Std Ideal Lig Vol Flow (m3/h) 2824 1110 2824 1110
18] Molar Enthalpy (kJ/kgmole) -7.860e+004 -5.210e+005 -8.282e+004 -5.081e+005
19] Molar Entropy (kJ/kgmole-C) 167.9 88.84 156.5 129.0
20] Heat Flow (kJ/h) -3.831e+009 -8.282e+009 -4.037e+009 -8.076e+009
% PROPERTIES
23] Name Field 1 Inlet to 24-HJ-10] Cooling Medium Inlet 4 |nlet to Field 1 ContactorCooling Medium Outlet 4
24] Molecular Weight 19.81 77.48 19.81 77.48
25] Molar Density (kgmole/m3) 1.524 14.54 2.026 13.84
26] Mass Density (kg/m3) 30.19 1127 40.15 1072
27] Act. Volume Flow (m3/h) 3.199e+004 1093 2.405e+004 1148
28| Mass Enthalpy (kI/kg) -3967 6725 -4180 -6558
29] Mass Entropy (kJ/kg-C) 8.475 1.147 7.898 1.665
30| Heat Capacity (kJ/kgmole-C) 50.43 205.6 48.32 226.6
31| Mass Heat Capacity (kI/kg-C) 2.545 2.654 2.439 2.925
32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006
33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004
35] CO2 Loading - --- ---
36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000
38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004
39| Phase Fraction [Vol. Basis] 1.000 0.0000 1.000 0.0000
40] Phase Fraction [Mass Basis] 1.000 0.0000 1.000 0.0000
41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 1.000 0.0000
42| Mass Exergy (kI/kg) 513.4 2.394 472.6 14.86
43| Partial Pressure of CO2 (kPa) 78.72 0.0000 77.15 0.0000
44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 3.199e+004 2.405e+004
46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32
47] Specific Heat (kd/kgmole-C) 50.43 205.6 48.32 226.6
48] Std. Gas Flow (STD_m3/h) 1.152e+006 3.758e+005 1.152e+006 3.758e+005
49] Std. Ideal Lig. Mass Density (kg/m3) 342.0 1110 342.0 1110
50] Act. Lig. Flow (m3/s) - 0.3036 0.0000 0.3190
51| Z Factor 0.9722 2.822e-002 - 2.215e-002
52| Watson K 17.93 8.816 17.93 8.816
53] User Property --- --- ---
54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55| Cp/(Cp - R) 1.197 1.042 1.208 1.038
56] Cp/Cv 1.282 1.059 1.415 1.062
57] Heat of Vap. (kJ/kgmole) 1.090e+004 7.313e+004 1.098e+004 7.380e+004
58] Kinematic Viscosity (cSt) 0.5187 15.21 0.3304 3.464
59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8405 1130 0.8405 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.149e+006 1090 1.149e+006 1090
61] Liquid Fraction 0.0000 1.000 0.0000 1.000
62] Molar Volume (m3/kgmole) 0.6563 6.877e-002 0.4935 7.225e-002
63] Mass Heat of Vap. (kJ/kg) 550.2 943.9 554.2 952.5
64] Phase Fraction [Molar Basis] 1.0000 0.0000 1.0000 0.0000
65| Surface Tension (dyne/cm) --- 48.40 - 42.74
66] Thermal Conductivity (W/m-K) 5.008e-002 0.2165 3.831e-002 0.2274
67] Viscosity (cP) 1.566e-002 17.13 1.327e-002 3.715
68] Cv (Semi-Ideal) (kJ/kgmole-C) 42.11 197.3 40.01 218.3
69] Aspen Technology Inc. Aspen HYSYS Version 8.3 (29.0.0.8315) Page 1 of 2
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Case Name: CASE STUDY 3.HSC

NORWEGIAN UNIV OF

Burlington, MA Unit Set: Sl

aspen

USA

Date/Time: Wed Jun 11 17:56:23 2014

LNG: 24-HJ-101 (continued)

PROPERTIES

Name

Field 1 Inlet to 24-HJ-101

Cooling Medium Inlet 4

nlet to Field 1 Contactor,

Cooling Medium Outlet 4

Mass Cv (Semi-ldeal)

(kJ/kg-C)

2.125

2.547

2.019

2.818

Cv

(kd/kgmole-C)

39.33

194.1

34.16

213.3

Mass Cv

(kJ/kg-C)

1.985

2.506

1.724

2.753

Cv (Ent. Method)

(kd/kgmole-C)

179.3

190.6

NEREEEEEE
slalzlslg]els]e]e~]o o] e ] ]

Mass Cv (Ent. Method)

(kJ/kg-C)

2.314

2.460

17

Cp/Cv (Ent. Method)

1.147

1.189

18

Reid VP at 37.8 C

(kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C

(kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.149e+006

1090

1.149e+006

1090

21

Viscosity Index

-34.28

25.80

16.38

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
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= CaseName:  CASE STUDY 3.HSC
| 2 | NORWEGIAN UNIV OF
3 Burlington, MA Unit Set: Sl
n aspen USA
? Date/Time: Wed Jun 11 17:55:09 2014
| © |
7. LNG: 24-HJ-201
8
9
m CONDITIONS
11] Name Inlet to 24-HJ-201 Cooling Medium Inlet 8 | Inlet to Field 2 Contactor | Cooling Medium Outlet 8
12| Vapour 1.0000 0.0000 1.0000 * 0.0000
13] Temperature (C) 142.4748 20.0000 * 50.4076 80.0000 *
14] Pressure (kPa) 5520.0000 1000.0000 * 5420.0000 * 900.0000 *
15] Molar Flow (kgmole/h) 5.523e+004 1.944e+004 5.523e+004 1.944e+004
16] Mass Flow (kg/h) 1.094e+006 1.506e+006 1.094e+006 1.506e+006
17] Std Ideal Lig Vol Flow (m3/h) 3200 1357 3200 1357
18] Molar Enthalpy (kJ/kgmole) -7.830e+004 -5.210e+005 -8.285e+004 -5.081e+005
19] Molar Entropy (kJ/kgmole-C) 167.9 88.84 155.7 129.0
20] Heat Flow (kJ/h) -4.324e+009 -1.013e+010 -4.576e+009 -9.875e+009
% PROPERTIES
23] Name Inlet to 24-HJ-201 | Cooling Medium Inlet 8 |nlet to Field 2 ContactorfCooling Medium Outlet §
24] Molecular Weight 19.81 77.48 19.81 77.48
25] Molar Density (kgmole/m3) 1.641 14.54 2.232 13.84
26] Mass Density (kg/m3) 32.51 1127 44.22 1072
27] Act. Volume Flow (m3/h) 3.366e+004 1337 2.475e+004 1404
28| Mass Enthalpy (kI/kg) -3952 6725 -4181 -6558
29] Mass Entropy (kJ/kg-C) 8.474 1.147 7.857 1.665
30| Heat Capacity (kJ/kgmole-C) 51.08 205.6 49.10 226.6
31| Mass Heat Capacity (kI/kg-C) 2.578 2.654 2.478 2.925
32] LHV Molar Basis (Std) (kd/kgmole) - 1.462e+006 --- 1.462e+006
33] HHV Molar Basis (Std) (kd/kgmole) --- 1.614e+006 --- 1.614e+006
34] HHV Mass Basis (Std) (kJ/kg) --- 2.083e+004 --- 2.083e+004
35] CO2 Loading - --- ---
36] CO2 Apparent Mole Conc. (kgmole/m3) - 0.0000 - 0.0000
37] CO2 Apparent Wt. Conc. (kgmol/kg) - 0.0000 --- 0.0000
38| LHV Mass Basis (Std) (kJ/kg) --- 1.887e+004 - 1.887e+004
39| Phase Fraction [Vol. Basis] 1.000 0.0000 1.000 0.0000
40] Phase Fraction [Mass Basis] 1.000 0.0000 1.000 0.0000
41] Phase Fraction [Act. Vol. Basis] 1.000 0.0000 1.000 0.0000
42| Mass Exergy (kI/kg) 529.0 2.394 483.2 14.86
43| Partial Pressure of CO2 (kPa) 86.39 0.0000 84.82 0.0000
44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000
45] Act. Gas Flow (ACT_m3/h) 3.366e+004 2.475e+004
46] Avg. Lig. Density (kgmole/m3) 17.26 14.32 17.26 14.32
47] Specific Heat (kd/kgmole-C) 51.08 205.6 49.10 226.6
48] Std. Gas Flow (STD_m3/h) 1.306e+006 4.595e+005 1.306e+006 4.595e+005
49] Std. Ideal Lig. Mass Density (kg/m3) 342.0 1110 342.0 1110
50] Act. Lig. Flow (m3/s) - 0.3713 0.0000 0.3901
51| Z Factor 0.9735 2.822e-002 - 2.215e-002
52| Watson K 17.93 8.816 17.93 8.816
53] User Property --- --- ---
54] Partial Pressure of H2S (kPa) 0.0000 0.0000 0.0000 0.0000
55| Cp/(Cp - R) 1.194 1.042 1.204 1.038
56] Cp/Cv 1.282 1.059 1.430 1.062
57] Heat of Vap. (kJ/kgmole) 1.051e+004 7.313e+004 1.059e+004 7.380e+004
58] Kinematic Viscosity (cSt) 0.4907 15.21 0.3047 3.464
59] Lig. Mass Density (Std. Cond) (kg/m3) 0.8405 1130 0.8405 1130
60] Lig. Vol. Flow (Std. Cond) (m3/h) 1.302e+006 1333 1.302e+006 1333
61] Liquid Fraction 0.0000 1.000 0.0000 1.000
62] Molar Volume (m3/kgmole) 0.6094 6.877e-002 0.4481 7.225e-002
63] Mass Heat of Vap. (kJ/kg) 530.7 943.9 534.7 952.5
64] Phase Fraction [Molar Basis] 1.0000 0.0000 1.0000 0.0000
65| Surface Tension (dyne/cm) --- 48.40 - 42.74
66] Thermal Conductivity (W/m-K) 5.146e-002 0.2165 3.899e-002 0.2274
67] Viscosity (cP) 1.595e-002 17.13 1.347e-002 3.715
68] Cv (Semi-Ideal) (kJ/kgmole-C) 42.76 197.3 40.79 218.3
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NORWEGIAN UNIV OF

aspen

USA

Burlington, MA

Case Name:

CASE STUDY 3.HSC

Unit Set:

Sl

Date/Time:

Wed Jun 11 17:55:09 2014

LNG: 24-HJ-201 (continued)

PROPERTIES

Name

Inlet to 24-HJ-201

Cooling Medium Inlet 8

nlet to Field 2 Contactor,

Cooling Medium Outlet §

Mass Cv (Semi-ldeal) (kJ/kg-C)

2.158

2.547

2.058

2.818

Cv (kd/kgmole-C)

39.85

194.1

34.33

213.3

Mass Cv (kJ/kg-C)

2.011

2.506

1.733

2.753

Cv (Ent. Method) (kd/kgmole-C)

179.3

190.6

NEREEEEEE
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Mass Cv (Ent. Method) (kJ/kg-C)

2.314

2.460

17

Cp/Cv (Ent. Method)

1.147

1.189

18

Reid VP at 37.8 C (kPa)

9.847e-004

9.847e-004

19

True VP at 37.8 C (kPa)

3.420

3.420

20

Lig. Vol. Flow - Sum(Std. Cond) (m3/h)

1.302e+006

1333

1.302e+006

1333

21

Viscosity Index

-35.39

25.80

16.38

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
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Appendix E — Thermal Calculations for Heat Exchangers in Base
Case Design



Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-001 : Base Case Design

Basic Geometry

Date: 4.6.2014

Time: 18:31:58

Unit Configuration

Exchanger Type Tube number (calcs.) 1180

Position Tube length actual 9000

Arrangement Tube passes 1

Baffle type Single segmental | Tube type Plain

Baffle number Tube O.D. 31,75

Spacing (center-center) mm Tube pitch 40

Spacing at inlet mm Tube pattern 30
Kettle Front head Rear head

Outside diameter mm 1715

Inside Diameter mm 1575

Nozzle type

Number of nozzles

Actual outside diameter 355,6

Inside diameter 335,6

Height under nozzle 182,73

Dome inside diameter

Vapor belt inside diameter

Vapor belt inside width

Vapor belt slot area

Impingement protection No

Distance to tubesheet

impingement
8550

impingement impingement
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-001 : Base Case Design Date: 4.6.2014 Time: 18:31:58
Tubes

Tubes

Type Plain Total number 1180

Outside diameter mm 31,75 Number of tubes plugged 0

Inside diameter mm 27,53 Tube length actual mm 9000

Wall thickness mm 2,1 Tube length effective mm 8615

Area ratio Ao/Ai 1,15 Tubesheet thickness mm 189,52

Pitch mm 40 Material 22Cr,5Ni,3Mo steel

Pattern 30 Thermal conductivity W/(m K) 16,0027

External enhancement Internal enhancement

Low circumferential fins Low longitudinal fins

Fin density #/m Fin number 0

Fin height mm Fin thickness mm

Fin thickness mm Fin height mm

Tube root diameter mm Fin spacing mm

Tube wall thickness under fin mm Cut and twist length mm

Tube inside diameter under fins mm
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

20-HA-001 : Base Case Design Date: 4.6.2014 Time: 18:31:58
Baffles
Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 8 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 850 | Actual (% area) / 52/
Spacing at inlet mm 1332,48 | Cut orientation H
Spacing at outlet mm 1332,48 | Thickness mm 12,7
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 34
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 1525 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 1525 | Shell id - baffle od diam clearance mm 7,94

VariableBaffles

Baffle spacing mm
Baffle cut percent, outer

Baffle cut percent, inner

Number of baffle spaces

Baffle region length mm
Baffle cut area percent, outer

Baffle cut area percent, inner

Supports Misc. Baffles

Supports-tube Longitudinal Baffle

Supports in endspace at front head 0 | Thickness mm
Supports in endspace at rear head 0 | Window length at front head mm
Supports between baffles 0 | Window length at center mm
Support blanking baffle No | Window length at rear head mm

Supports at U-bend

Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell

Supports for K, X shells

Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-001 : Base Case Design

Bundle

Date: 4.6.2014

Time: 18:31:58

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell

U-bend area per shell

mm

mm
mm
mm
mm
mm
m?2
m?2
m?2
m?2

m?2

182,73
182,73
11,62
11,62

None

1059,3
1014
1014

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht

Tube projection from rear tsht

1
Ribbon (single band)

Standard (horizontal)

Undefined
mm
mm
No
0
mm 1560,71
mm 14,29
12
mm 15,88
6
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

20-HA-002 : Base Case Design

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 581
Position Hor | Tube length actual mm 7400
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 4 | Tube O.D. mm 31,75
Spacing (center-center) mm 1370 | Tube pitch mm 39,69
Spacing at inlet mm 1500,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1178 1254 1254
Inside Diameter mm 1150 1150 1150

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Outlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 610 457 914 1016
Inside diameter mm 590 437 842 936
Height under nozzle mm 181,05 181,05
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No No

impingement impingement impingement

Distance to tubesheet mm 6870 445
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-002 : Base Case Design

Tubes
Tubes
Type Plain Total number 581
Outside diameter mm 31,75 Number of tubes plugged 0
Inside diameter mm 27,53 Tube length actual mm 7400
Wall thickness mm 2,11 Tube length effective mm 7111
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 141,52
Pitch mm 39,69 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 15,9016
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-002 : Base Case Design

Baffles

Baffles

Type

Single segmental

Baffle cut: inner / outer / interm

Tubes in window No | Actual (% diameter) / 12,99 /
Number 4 | Nominal (% diameter) / 12,99 /
Spacing (center-center) mm 1370 | Actual (% area) / 163/
Spacing at inlet mm 1500,48 | Cut orientation H
Spacing at outlet mm 1500,48 | Thickness mm 15,88
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 22
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 1645 | Baffle hole - tube od diam clearance mm 0,4
End length at rear head mm 1645 | Shell id - baffle od diam clearance mm 6,35
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm

Supports at U-bend

Supports at center of H shell
Supports for K, X shells

Special support at inlet nozzle

Supports at each G,H,J shell inlet and | shell outlet

No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-002 : Base Case Design

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell

U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

181,05
181,05
23,34
23,34

None

428,8
4121
4121

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht

Tube projection from rear tsht

1
Ribbon (single band)

Standard (horizontal)

Undefined
mm
mm
No
0
mm 1137,3
mm 12,7
8
mm 12,7
4
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Base Case Design

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 798
Position Hor | Tube length actual mm 6500
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 8 | Tube O.D. mm 19,05
Spacing (center-center) mm 730 | Tube pitch mm 23,81
Spacing at inlet mm 644,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 793 789 789
Inside Diameter mm 775 775 775

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Outlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 219,1 168,3 406,4 711
Inside diameter mm 203,1 154,1 386,4 691
Height under nozzle mm 89,26 89,26
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No No

impingement impingement impingement

Distance to tubesheet mm 6260 210
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Base Case Design

Tubes
Tubes
Type Plain Total number 798
Outside diameter mm 19,05 Number of tubes plugged 0
Inside diameter mm 16,55 Tube length actual mm 6500
Wall thickness mm 1,25 Tube length effective mm 6399
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 47,52
Pitch mm 23,81 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,2011
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

20-HA-003 : Base Case Design

Baffles
Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 8 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 730 | Actual (% area) / 52/
Spacing at inlet mm 644,48 | Cut orientation H
Spacing at outlet mm 644,48 | Thickness mm 7,94
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 28
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 695 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 695 | Shell id - baffle od diam clearance mm 4,76
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head 0 | Thickness mm
Supports in endspace at rear head 0 | Window length at front head mm
Supports between baffles 0 | Window length at center mm
Support blanking baffle No | Window length at rear head mm

Supports at U-bend

Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell

Supports for K, X shells

Special support at inlet nozzle No



mayukhb
Typewritten Text

mayukhb
Typewritten Text

mayukhb
Typewritten Text
20-HA-003 : Base Case Design


Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Base Case Design

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell

U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

89,26
89,26
8,88
8,88

None

310,4
305,6
305,6

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht

Tube projection from rear tsht

1
Ribbon (single band)

Standard (horizontal)

Undefined
mm
mm
No
0
mm 762,3
mm 12,7
6
mm 12,7
5
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Base Case Design

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 1473
Position Hor | Tube length actual mm 6500
Arrangement 1 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 28 | Tube O.D. mm 19,05
Spacing (center-center) mm 200 | Tube pitch mm 23,81
Spacing at inlet mm 488,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1066 1066 1066
Inside Diameter mm 1050 1050 1050

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 219,1 219,1 406,4 457
Inside diameter mm 203,1 203,1 386,4 437
Height under nozzle mm 123,65 123,65
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 6250 245
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Base Case Design

Tubes
Tubes
Type Plain Total number 1473
Outside diameter mm 19,05 Number of tubes plugged 0
Inside diameter mm 16,65 Tube length actual mm 6500
Wall thickness mm 1,2 Tube length effective mm 6377
Area ratio Ao/Ai 1,14 Tubesheet thickness mm 58,52
Pitch mm 23,81 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,1365
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Base Case Design
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 28 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 200 | Actual (% area) / 52/
Spacing at inlet mm 488,48 | Cut orientation H
Spacing at outlet mm 488,48 | Thickness mm 6,35
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 38
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 550 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 550 | Shell id - baffle od diam clearance mm 6,35
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Base Case Design

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell
U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

123,65
123,65
15,41
15,41

None

573
562,2
562,2

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht
Tube projection from rear tsht

1
Ribbon (single band)
Standard (horizontal)

Undefined
mm
mm
No
0
mm 1037,3
mm 12,7
8
mm 12,7
7
Exp.
mm 3
mm 3



mayukhb
Typewritten Text
21-HB-001 : Base Case Design


Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

24-HA-102 : Base Case Design
Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 577
Position Hor | Tube length actual mm 1750
Arrangement 1 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 6 | Tube O.D. mm 25,4
Spacing (center-center) mm 175 | Tube pitch mm 31,75
Spacing at inlet mm 352,98 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 899 927 927
Inside Diameter mm 875 875 875

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 139,7 114,3 508 508
Inside diameter mm 125,5 101,7 479,6 479,6
Height under nozzle mm 94,84 94,84
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No No

impingement impingement impingement

Distance to tubesheet mm 1515 215
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-102 : Base Case Design

Tubes
Tubes
Type Plain Total number 577
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 22,1 Tube length actual mm 1750
Wall thickness mm 1,65 Tube length effective mm 1581
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 81,53
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 15,7194
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-102 : Base Case Design
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 6 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 175 | Actual (% area) / 52/
Spacing at inlet mm 352,98 | Cut orientation H
Spacing at outlet mm 352,98 | Thickness mm 6,35
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 24
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 437,5 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 437,5 | Shell id - baffle od diam clearance mm 4,76
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

24-HA-102 : Base Case Design

Bundle
Bundle
Shell ID to center 1st tube row mm Tube passes 1
From top 94,84 | Tube pass layout Ribbon (single band)
From bottom 94,84 | Tube pass orientation Standard (horizontal)
From right 12,05 U-bend orientation Undefined
From Left 12,05 Horizontal pass lane width mm
Impingement protection None | Vertical pass lane width mm
Impingement distance mm Interpass tube alignment No
Impingement plate diameter mm Deviation in tubes/pass 0
Impingement plate width mm Outer tube limit mm 862,3
Impingement plate length mm Shell id - bundle otl diam clearance mm 12,7
Impingement plate thickness mm Tie rod number 8
Gross surface area per shell m?2 80,6 | Tie rod diameter mm 12,7
Effective surface area per shell m?2 72,8 | Sealing strips (pairs) 5
Bare tube area per shell m?2 72,8 | Tube to tubesheet joint Exp.
Finned area per shell m?2 0 | Tube projection from front tsht mm 3
U-bend area per shell m?2 0 | Tube projection from rear tsht mm 3
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

24-HA-202 : Base Case Design

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 577
Position Hor | Tube length actual mm 1750
Arrangement 1 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 6 | Tube O.D. mm 25,4
Spacing (center-center) mm 175 | Tube pitch mm 31,75
Spacing at inlet mm 352,98 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 899 927 927
Inside Diameter mm 875 875 875

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 139,7 114,3 508 508
Inside diameter mm 125,5 101,7 479,6 479,6
Height under nozzle mm 94,84 94,84
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 1515 215
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Base Case Design

Tubes
Tubes
Type Plain Total number 577
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 22,1 Tube length actual mm 1750
Wall thickness mm 1,65 Tube length effective mm 1581
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 81,53
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 15,7182
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Base Case Design
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 6 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 175 | Actual (% area) / 52/
Spacing at inlet mm 352,98 | Cut orientation H
Spacing at outlet mm 352,98 | Thickness mm 6,35
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 24
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 437,5 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 437,5 | Shell id - baffle od diam clearance mm 4,76
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Base Case Design

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell
U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

94,84
94,84
12,05
12,05

None

80,6
72,8
72,8

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht
Tube projection from rear tsht

1
Ribbon (single band)
Standard (horizontal)

Undefined
mm
mm
No
0
mm 862,3
mm 12,7
8
mm 12,7
5
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Base Case Design

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 3093
Position Hor | Tube length actual mm 7500
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 30 | Tube O.D. mm 25,4
Spacing (center-center) mm 200 | Tube pitch mm 31,75
Spacing at inlet mm 657,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 2044 2124 2124
Inside Diameter mm 2000 2000 2000

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 457 355,6 711 610
Inside diameter mm 437 335,6 671 575
Height under nozzle mm 217,4 217,4
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 7000 445
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Base Case Design

Tubes
Tubes
Type Plain Total number 3093
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 22,1 Tube length actual mm 7500
Wall thickness mm 1,65 Tube length effective mm 7115
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 189,52
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,3173
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Base Case Design
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 30 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 200 | Actual (% area) / 52/
Spacing at inlet mm 657,48 | Cut orientation H
Spacing at outlet mm 657,48 | Thickness mm 9,52
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 56
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 850 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 850 | Shell id - baffle od diam clearance mm 9,52
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Base Case Design

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell
U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

2174
2174
18,92
18,92

None

1851,1
1756
1756

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht
Tube projection from rear tsht

1
Ribbon (single band)
Standard (horizontal)

Undefined
mm
mm
No
0
mm 1984,12
mm 15,88
12
mm 15,88
10
Exp.
mm 3
mm 3



mayukhb
Typewritten Text
24-HJ-101 : Base Case Design


Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Base Case Design

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 3093
Position Hor | Tube length actual mm 8500
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 36 | Tube O.D. mm 25,4
Spacing (center-center) mm 200 | Tube pitch mm 31,75
Spacing at inlet mm 585,2 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 2038 2124 2124
Inside Diameter mm 2000 2000 2000

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 508 406,4 711 711
Inside diameter mm 488 386,4 671 671
Height under nozzle mm 217,4 217,4
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 7965 475
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Base Case Design

Tubes
Tubes
Type Plain Total number 3093
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 221 Tube length actual mm 8500
Wall thickness mm 1,65 Tube length effective mm 8101
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 196,52
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,35
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Base Case Design
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 36 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 200 | Actual (% area) / 52/
Spacing at inlet mm 585,2 | Cut orientation H
Spacing at outlet mm 515,75 | Thickness mm 9,52
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 56
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 715,28 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 784,72 | Shell id - baffle od diam clearance mm 9,52
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Base Case Design

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell
U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

2174
2174
18,92
18,92

None

2097,9
1999,4
1999,4

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht
Tube projection from rear tsht

1
Ribbon (single band)
Standard (horizontal)

Undefined
mm
mm
No
0
mm 1984,12
mm 15,88
12
mm 15,88
10
Exp.
mm 3
mm 3
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Appendix F — Thermal Calculations for Heat Exchangers in Case
Study |



Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Case Study |

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 1290
Position Hor | Tube length actual mm 6500
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 8 | Tube O.D. mm 19,05
Spacing (center-center) mm 700 | Tube pitch mm 23,81
Spacing at inlet mm 742,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 999 993 993
Inside Diameter mm 975 975 975

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Outlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 273 219,1 406,4 457
Inside diameter mm 253 203,1 386,4 437
Height under nozzle mm 106,78 106,78
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 6225 240
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Case Study |

Tubes
Tubes
Type Plain Total number 1290
Outside diameter mm 19,05 Number of tubes plugged 0
Inside diameter mm 16,65 Tube length actual mm 6500
Wall thickness mm 1,2 Tube length effective mm 6385
Area ratio Ao/Ai 1,14 Tubesheet thickness mm 54,52
Pitch mm 23,81 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,138
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Case Study |
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 8 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 700 | Actual (% area) / 52/
Spacing at inlet mm 742,48 | Cut orientation H
Spacing at outlet mm 742,48 | Thickness mm 9,52
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 36
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 800 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 800 | Shell id - baffle od diam clearance mm 4,76
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

20-HA-003 : Case Study |
Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell

U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

106,78
106,78
13,63
13,63

None

501,8
492,9
492,9

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht

Tube projection from rear tsht

1
Ribbon (single band)

Standard (horizontal)

Undefined
mm
mm
No
0
mm 962,3
mm 12,7
8
mm 12,7
7
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

21-HB-001 : Case Study |

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 1624
Position Hor | Tube length actual mm 7000
Arrangement 1 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 30 | Tube O.D. mm 19,05
Spacing (center-center) mm 200 | Tube pitch mm 23,81
Spacing at inlet mm 536,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1118 1118 1118
Inside Diameter mm 1100 1100 1100

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 323,85 273,05 406,4 457,2
Inside diameter mm 304,8 254,51 387,35 438,15
Height under nozzle mm 128,03 128,03
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 6695 275
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Case Study |

Tubes
Tubes
Type Plain Total number 1624
Outside diameter mm 19,05 Number of tubes plugged 0
Inside diameter mm 16,56 Tube length actual mm 7000
Wall thickness mm 1,24 Tube length effective mm 6873
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 60,52
Pitch mm 23,81 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,1767
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Case Study |
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 30 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 200 | Actual (% area) / 52/
Spacing at inlet mm 536,48 | Cut orientation H
Spacing at outlet mm 536,48 | Thickness mm 6,35
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 40
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 600 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 600 | Shell id - baffle od diam clearance mm 6,35
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

21-HB-001 : Case Study |
Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell
U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

128,03
128,03
16,6
16,6

None

680,3
668
668

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht
Tube projection from rear tsht

1
Ribbon (single band)
Standard (horizontal)

Undefined
mm
mm
No
0
mm 1087,3
mm 12,7
8
mm 12,7
7
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-102 : Case Study I

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 708
Position Hor | Tube length actual mm 5000
Arrangement 1 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 6 | Tube O.D. mm 245
Spacing (center-center) mm 610 | Tube pitch mm 31,75
Spacing at inlet mm 876,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1001 1033 1033
Inside Diameter mm 975 975 975

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 273 219,1 914 914
Inside diameter mm 253 203,1 864 864
Height under nozzle mm 117.,8 117,8
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 4685 280
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-102 : Case Study I

Tubes
Tubes
Type Plain Total number 708
Outside diameter mm 24,5 Number of tubes plugged 0
Inside diameter mm 21,2 Tube length actual mm 5000
Wall thickness mm 1,65 Tube length effective mm 4803
Area ratio Ao/Ai 1,16 Tubesheet thickness mm 95,52
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 15,7218
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-102 : Case Study Il
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 6 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 610 | Actual (% area) / 52/
Spacing at inlet mm 876,48 | Cut orientation H
Spacing at outlet mm 876,48 | Thickness mm 9,52
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 26
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 975 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 975 | Shell id - baffle od diam clearance mm 4,76
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

24-HA-102 : Case Study Il

Bundle
Bundle
Shell ID to center 1st tube row mm Tube passes 1
From top 117,8 | Tube pass layout Ribbon (single band)
From bottom 117,8 | Tube pass orientation Standard (horizontal)
From right 14,88 U-bend orientation Undefined
From Left 14,88 Horizontal pass lane width mm
Impingement protection None | Vertical pass lane width mm
Impingement distance mm Interpass tube alignment No
Impingement plate diameter mm Deviation in tubes/pass 0
Impingement plate width mm Outer tube limit mm 962,3
Impingement plate length mm Shell id - bundle otl diam clearance mm 12,7
Impingement plate thickness mm Tie rod number 8
Gross surface area per shell m?2 272,5 | Tie rod diameter mm 12,7
Effective surface area per shell m?2 261,7 | Sealing strips (pairs) 5
Bare tube area per shell m?2 261,7 | Tube to tubesheet joint Exp.
Finned area per shell m?2 0 | Tube projection from front tsht mm 3
U-bend area per shell m?2 0 | Tube projection from rear tsht mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Case Study Il

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 731
Position Hor | Tube length actual mm 6500
Arrangement 1 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 6 | Tube O.D. mm 25,4
Spacing (center-center) mm 855 | Tube pitch mm 31,75
Spacing at inlet mm 1009,98 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1026 1060 1060
Inside Diameter mm 1000 1000 1000

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 323,9 273 914 914
Inside diameter mm 303,9 253 864 864
Height under nozzle mm 129,85 129,85
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 6155 310
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Case Study Il

Tubes
Tubes
Type Plain Total number 731
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 22,1 Tube length actual mm 6500
Wall thickness mm 1,65 Tube length effective mm 6295
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 99,52
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 15,7206
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Case Study Il
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 1275/
Number 6 | Nominal (% diameter) / 1275/
Spacing (center-center) mm 855 | Actual (% area) / 743/
Spacing at inlet mm 1009,98 | Cut orientation H
Spacing at outlet mm 1009,98 | Thickness mm 9,52
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 26
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 1112,5 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 1112,5 | Shell id - baffle od diam clearance mm 6,35
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm

Supports at U-bend

Supports at center of H shell
Supports for K, X shells

Special support at inlet nozzle

Supports at each G,H,J shell inlet and | shell outlet

No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HA-202 : Case Study Il

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell
U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

129,85
129,85
11,05
11,05

None

379,2
367,2
367,2

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht
Tube projection from rear tsht

1
Ribbon (single band)
Standard (horizontal)

Undefined
mm
mm
No
0
mm 987,3
mm 12,7
8
mm 12,7
5
Exp.
mm 3
mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Case Study llI

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 1865
Position Hor | Tube length actual mm 9000
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 6 | Tube O.D. mm 25,4
Spacing (center-center) mm 1240 | Tube pitch mm 31,75
Spacing at inlet mm 1248,47 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1586 1642 1642
Inside Diameter mm 1550 1550 1550

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Oultlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 406,4 323,9 711 711
Inside diameter mm 386,4 303,9 671 671
Height under nozzle mm 157,38 157,38
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 8565 385
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Case Study Il

Tubes
Tubes
Type Plain Total number 1865
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 22,1 Tube length actual mm 9000
Wall thickness mm 1,65 Tube length effective mm 8697
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 148,52
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,4295
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-101 : Case Study Il
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 6 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 1240 | Actual (% area) / 52/
Spacing at inlet mm 1248,47 | Cut orientation H
Spacing at outlet mm 1248,47 | Thickness mm 19,05
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 44
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 1400 | Baffle hole - tube od diam clearance mm 0,4
End length at rear head mm 1400 | Shell id - baffle od diam clearance mm 7,94
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm

Supports at U-bend

Supports at center of H shell
Supports for K, X shells

Special support at inlet nozzle

Supports at each G,H,J shell inlet and | shell outlet

No
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Heat Exchanger Thermal Design Shell&Tube V7.3.1 CP1

24-HJ-101 : Case Study Il

Bundle
Bundle
Shell ID to center 1st tube row mm Tube passes 1
From top 157,38 | Tube pass layout Ribbon (single band)
From bottom 157,38 | Tube pass orientation Standard (horizontal)
From right 16,18 U-bend orientation Undefined
From Left 16,18 Horizontal pass lane width mm
Impingement protection None | Vertical pass lane width mm
Impingement distance mm Interpass tube alignment No
Impingement plate diameter mm Deviation in tubes/pass 0
Impingement plate width mm Outer tube limit mm 1535,71
Impingement plate length mm Shell id - bundle otl diam clearance mm 14,29
Impingement plate thickness mm Tie rod number 12
Gross surface area per shell m?2 1339,4 | Tie rod diameter mm 15,88
Effective surface area per shell m?2 1294,3 | Sealing strips (pairs) 8
Bare tube area per shell m?2 1294,3 | Tube to tubesheet joint Exp.
Finned area per shell m?2 0 | Tube projection from front tsht mm 3
U-bend area per shell m?2 0 | Tube projection from rear tsht mm 3
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Case Study Il

Basic Geometry

Unit Configuration

Exchanger Type BEM | Tube number (calcs.) 2240
Position Hor | Tube length actual mm 9000
Arrangement 2 par 1 ser | Tube passes 1
Baffle type Single segmental | Tube type Plain
Baffle number 38 | Tube O.D. mm 25,4
Spacing (center-center) mm 200 | Tube pitch mm 31,75
Spacing at inlet mm 630,48 | Tube pattern 30

Shell Kettle Front head Rear head
Outside diameter mm 1738 1806 1806
Inside Diameter mm 1700 1700 1700

Shell Side Tube Side
Nozzle type Inlet Outlet Inlet Outlet
Number of nozzles 1 1 1 1
Actual outside diameter mm 457 355,6 71 711
Inside diameter mm 437 335,6 671 671
Height under nozzle mm 177,39 177,39
Dome inside diameter mm
Vapor belt inside diameter mm
Vapor belt inside width mm
Vapor belt slot area mm?2
Impingement protection No No

impingement impingement

Distance to tubesheet mm 8525 420
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Case Study Il

Tubes
Tubes
Type Plain Total number 2240
Outside diameter mm 25,4 Number of tubes plugged 0
Inside diameter mm 221 Tube length actual mm 9000
Wall thickness mm 1,65 Tube length effective mm 8661
Area ratio Ao/Ai 1,15 Tubesheet thickness mm 166,52
Pitch mm 31,75 Material 22Cr,5Ni,3Mo steel
Pattern 30 Thermal conductivity W/(m K) 16,4586
External enhancement Internal enhancement
Low circumferential fins Low longitudinal fins
Fin density #/m Fin number 0
Fin height mm Fin thickness mm
Fin thickness mm Fin height mm
Tube root diameter mm Fin spacing mm
Tube wall thickness under fin mm Cut and twist length mm
Tube inside diameter under fins mm
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Case Study Il
Baffles

Baffles
Type Single segmental | Baffle cut: inner / outer / interm
Tubes in window No | Actual (% diameter) / 10 /
Number 38 | Nominal (% diameter) / 10 /
Spacing (center-center) mm 200 | Actual (% area) / 52/
Spacing at inlet mm 630,48 | Cut orientation H
Spacing at outlet mm 630,48 | Thickness mm 9,62
Spacing at central in/out for G,H,I,J shells mm Tube rows in baffle overlap 48
Spacing at center of H shell mm Tube rows in baffle window 0,5
End length at front head mm 800 | Baffle hole - tube od diam clearance mm 0,79
End length at rear head mm 800 | Shell id - baffle od diam clearance mm 7,94
VariableBaffles
Baffle spacing mm
Baffle cut percent, outer
Baffle cut percent, inner
Number of baffle spaces
Baffle region length mm
Baffle cut area percent, outer
Baffle cut area percent, inner
Supports Misc. Baffles
Supports-tube Longitudinal Baffle
Supports in endspace at front head Thickness mm
Supports in endspace at rear head Window length at front head mm
Supports between baffles Window length at center mm
Support blanking baffle No | Window length at rear head mm
Supports at U-bend
Supports at each G,H,J shell inlet and | shell outlet
Supports at center of H shell
Supports for K, X shells
Special support at inlet nozzle No
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Heat Exchanger Thermal Design

Shell&Tube V7.3.1 CP1

24-HJ-201 : Case Study Il

Bundle

Bundle

Shell ID to center 1st tube row

From top

From bottom

From right

From Left
Impingement protection
Impingement distance
Impingement plate diameter
Impingement plate width
Impingement plate length
Impingement plate thickness
Gross surface area per shell
Effective surface area per shell
Bare tube area per shell
Finned area per shell

U-bend area per shell

mm

mm
mm
mm
mm
mm
m2
m?2
m?2
m?2

m?2

177,39
177,39
11,8
11,8

None

1608,7
1548,1
1548,1

Tube passes

Tube pass layout

Tube pass orientation

U-bend orientation

Horizontal pass lane width
Vertical pass lane width
Interpass tube alignment
Deviation in tubes/pass

Outer tube limit

Shell id - bundle otl diam clearance
Tie rod number

Tie rod diameter

Sealing strips (pairs)

Tube to tubesheet joint

Tube projection from front tsht

Tube projection from rear tsht

1
Ribbon (single band)

Standard (horizontal)

Undefined
mm
mm
No
0
mm 1685,71
mm 14,29
12
mm 15,88
9
Exp.
mm 3
mm 3
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