





Appendix H Correction of thermodynamic properties



Deviation in operation point compared to design

The calculations is based on thermodynamic properties from Appendix G and the table below

Design  Aweraged operation point Units

Thi 61,9 68,6 °C
Tho 10 10,6 °C
Ph.i 18,84 17,4 bar
Ph.o 18,14 16,7 bar

Viscosity HC gas

Design pressure, averaged temperature for all 25 measurements

My ¥ M, 0,01314+0,0114
it dosan + Hio dosn 0,01294+0,0113

=1,0124

Correction term for viscosity with respect off design temperature
0,00186(7,, -1, )+1

i design
The changes in pressure have a negligible effect on the viscosity.

Specific heat capacity HC gas

Design temperature, averaged pressure for all 25 measurements

Cp,, +Cp,,  1,9815+1,8984
Cph,i design + Cph,o design 1’ 9890 + 1’ 9 1 08

=0,9949
Correction term for specific heat capacity with respect to off design pressure

0’ 0035(ph,1 - ph,i design) + 1

The changes is temperature have a negligible effect on the specific heat capacity.
Density of HC gas

Design temperature, averaged pressure for all 25 measurements

PoitPro  14,4395+16,8668
IOh,i design + ph,o design 15’ 6907 + 18’ 4135

0,9180

Correction term for specific heat capacity with respect to off design pressure
0’ 0566(ph,1 - ph,i design) + 1

The changes in temperature have a negligible effect on the specific heat capacity.



Appendix| TEMA specification sheets printed from HTRI



CHAPTER 3: SPECIFICATION SHEET FOR TWISTED TUBE HEAT EXCHANGER

HEAT EXCHANGER SPECIFICATION SHEET Page 1
SlI Units
Job No.
Customer Linde AG for Statoil AS Reference No. 8422-25HA113-00
Address Proposal No.  8422r/07
Plant Location Hammerfest LNG Plant Date 05.08.2008 Rev 0
Service of Unit Subcooling Cycle Compressor Intercooler Iltem No. 25-HA-113
Size 1390,00 x 9926,00 mm Type BEM Horz.  Connected In 1 Parallel 1 Series
Surf/Unit (Gross/Eff) 1102,64 / 1070,87 m2 Shell/Unit 1 Surf/Shell (Gross/Eff) 1102,64 / 1070,87 m2
PERFORMANCE OF ONE UNIT
Fluid Allocation Shell Side Tube Side
Fluid Name N2/C1/C2 HC Refrigerant Sea Water
Fluid Quantity, Total kg/hr 500206 1590428
Vapor (In/Out) 500206 500206
Liquid 1590428 1590428
Steam
Water
Noncondensables
Temperature (In/Out) C 61,90 10,00 6,10 14,10
Specific Gravity 1,0267 1,0243
Viscosity mN-s/m2 0,0120 0,0110 1,4690 1,1850
Molecular Weight, Vapor
Molecular Weight, Noncondensables
Specific Heat kJikg-C 2,1000 2,0400 4,2001 4,1901
Thermal Conductivity W/m-C 0,0350 0,0282 0,5832 0,5954
Latent Heat kJikg
Inlet Pressure kPa 1884,03 610,009
Velocity m/s 13,54 1,26
Pressure Drop, Allow/Calc  kPa 70,001 81,352 100,002 | 29,988
Fouling Resistance (min)  m2-K/W 0,000180
Heat Exchanged W 14917752 MTD (Corrected) 17,7 C
Transfer Rate, Service 787,18 W/m2-K Clean 1176,56 W/m2-K Actual 940,55 W/m2-K
CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nozzle Orientation)
Shell Side Tube Side .
Design/Test Pressure kPaG 2500,04 / 1750,03 / _
Design Temperature C 140,00 50,00 a% %a @m
No Passes per Shell 1 1 ‘ sst5m ‘ 4‘
Corrosion Allowance mm i ‘
Connections In mm 1@ 814,000 1 @ 488,000
Size & Out mm 1@ 814,000 1 @ 488,000
Rating Intermediate @ @
Tube No. 1591 OD 22,225 mm ThE(Avg) 1,734 mm "~ Length 9,926 m Pitch 27,781 mm Layout 60
Tube Type Twisted Material TITANIUM-GRADE 2
Shell ID 1390,00 mm oD mm Shell Cover
Channel or Bonnet Channel Cover
Tubesheet-Stationary Tubesheet-Floating
Floating Head Cover Impingement Plate Rods
Baffles-Cross Type NONE %Cut (Diam) Spacing(c/c) 9640,02 Inlet mm
Baffles-Long Seal Type
Supports-Tube U-Bend Type
Bypass Seal Arrangement Tube-Tubesheet Joint
Expansion Joint Type
Rho-V2-Inlet Nozzle 4555,05 kg/m-s2 Bundle Entrance Bundle Exit kg/m-s2
Gaskets-Shell Side Tube Side
-Floating Head
Code Requirements TEMA Class

Weight/Shell 26877,8

Filled with Water 45059,5

Bundle 10074,7 kg

Remarks: Case 03

Note: Reported duty and flow rates include a user-specified multiplier of 1.05.

Reprinted with Permission (v5 SP2)




CHAPTER 6: SPECIFICATION SHEET FOR CONVENTIONAL HEAT EXCHANGER

HEAT EXCHANGER SPECIFICATION SHEET Page 1
Sl Units
Job No.
Customer Linde AG for Statoil AS Reference No. 8422-25HA113-00
Address Proposal No.  8422r/07
Plant Location Hammerfest LNG Plant Date 11.06.2009 Rev 0
Service of Unit Subcooling Cycle Compressor Intercooler Item No. 25-HA-113
Size 1400,00 x 9929,88 mm Type BEM Horz.  Connected In 1 Parallel 1 Series
Surf/Unit (Gross/Eff) 2137,69/2109,03 m2 Shell/Unit 1 Surf/Shell (Gross/Eff) 2137,69 / 2109,03 m2
PERFORMANCE OF ONE UNIT

Fluid Allocation Shell Side Tube Side
Fluid Name N2/C1/C2 HC Refrigerant Sea Water
Fluid Quantity, Total kg/hr 500206 1590428

Vapor (In/Out) 500206 500206

Liquid 1590428 1590428

Steam

Water

Noncondensables
Temperature (In/Out) C 61,90 9,87 6,10 14,13
Specific Gravity 1,0267 1,0243
Viscosity mN-s/m2 0,0120 0,0110 1,4690 1,1842
Molecular Weight, Vapor
Molecular Weight, Noncondensables
Specific Heat kJ/kg-C 2,1000 2,0399 4,2001 4,1900
Thermal Conductivity W/m-C 0,0350 0,0282 0,5832 0,5955
Latent Heat kJ/kg
Inlet Pressure kPa 1884,03 610,009
Velocity m/s 7,21 1,44
Pressure Drop, Allow/Calc  kPa 70,001 | 45 586 100,002 | 24,945
Fouling Resistance (min)  m2-K/W 0,000180
Heat Exchanged W 14963998 MTD (Corrected) 172 C
Transfer Rate, Service 412,88 W/im2-K Clean 527,56 W/m2-K Actual 411,35 W/m2-K

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nozzle Orientation)
Shell Side Tube Side .
Design/Test Pressure kPaG 2500,04 / 1750,03 / =
Design Temperature C 140,00 50,00 aﬂr@H_ ‘ \ ‘ \ W—’mm—ua ;;
No Passes per Shell 1 1 g so0m ‘ —
Corrosion Allowance mm ol '
Connections In mm 1@ 814,000 1@ 488,000
Size & Out mm 1@ 814,000 1@ 488,000
Rating Intermediate @ @
Tube No. 1435 OD 22,225 mm Th?(Avg) 1,734 mm — Length 9,930 m Pitch 26,781 mm Layout 30
Tube Type Low Fin Material TITANIUM-GRADE 2
Shell ID 1400,00 mm oD mm Shell Cover
Channel or Bonnet Channel Cover
Tubesheet-Stationary Tubesheet-Floating
Floating Head Cover Impingement Plate Circular plate
Baffles-Cross Type NTIW-SEG. %Cut (Diam) 24,00 Spacing(c/c) 1500,00 Inlet 2571,95 mm
Baffles-Long Seal Type
Supports-Tube U-Bend Type
Bypass Seal Arrangement Tube-Tubesheet Joint
Expansion Joint Type
Rho-V2-Inlet Nozzle 4555,05 kg/m-s2 Bundle Entrance 1523,69 Bundle Exit 852,29 kg/m-s2
Gaskets-Shell Side Tube Side
-Floating Head

Code Requirements TEMA Class
Weight/Shell 25648,0 Filled with Water 442839 Bundle 8665,46 kg

Remarks: Supports/baffle space = 4. Case 03

Note: Reported duty and flow rates include a user-specified multiplier of 1.05.

Reprinted with Permission (v5 SP2)




CHAPTER 6: SPECIFICATION SHEET FOR DOUBLE HELIX HEAT EXCHANGER

HEAT EXCHANGER SPECIFICATION SHEET Page 1
Sl Units
Job No.
Customer Linde AG for Statoil AS Reference No. 8422-25HA113-00
Address Proposal No.  8422r/07
Plant Location Hammerfest LNG Plant Date 11.06.2009 Rev 0
Service of Unit Subcooling Cycle Compressor Intercooler Iltem No. 25-HA-113
Size 1400,00 x 9993,88 mm Type BEM Horz.  Connected In 1 Parallel Series
Surf/Unit (Gross/Eff) 1627,88 / 1618,856 m2 Shell/Unit 1 Surf/Shell (Gross/Eff) 1627,88 /1618,85 m2
PERFORMANCE OF ONE UNIT

Fluid Allocation Shell Side Tube Side
Fluid Name N2/C1/C2 HC Refrigerant Sea Water
Fluid Quantity, Total kg/hr 500206 1590428

Vapor (In/Out) 500206 500206

Liquid 1590428 1590428

Steam

Water

Noncondensables
Temperature (In/Out) c 61,90 15,30 6,10 13,29
Specific Gravity 1,0267 1,0246
Viscosity mN-s/m2 0,0120 0,0111 1,4690 1,2102
Molecular Weight, Vapor
Molecular Weight, Noncondensables
Specific Heat kJ/kg-C 2,1000 2,0462 4,2001 4,191
Thermal Conductivity W/m-C 0,0350 0,0289 0,5832 0,56942
Latent Heat kJ/kg
Inlet Pressure kPa 1884,03 610,009
Velocity m/s 9,66 1,91
Pressure Drop, Allow/Calc  kPa 70,001 | 22,397 100,002 39,611
Fouling Resistance (min)  m2-K/W 0,000180
Heat Exchanged W 13423961 MTD (Corrected) 238 C
Transfer Rate, Service 348,17 W/m2-K Clean 424 49 W/m2-K Actual 34587 W/m2-K

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nozzle Orientation)
Shell Side Tube Side
Design/Test Pressure kPaG 2500,04 / 1750,03/ l
Design Temperature Cc 140,00 50,00 HIEQ—“L \ \ \ jHJ_D]]« ﬁm
No Passes per Shell 1 1 ) 5354m )
Corrosion Allowance mm o ‘
Connections In mm 1@ 814,000 1 @ 488,000
Size & Out mm 1@ 814,000 1@ 488,000
Rating Intermediate @ @

Tube No. 1078 OD 19,050 mm Thk(Avg) 1,250 mm Length 9,994 m Pitch 32,000 mm Layout 45
Tube Type Low Fin Material TITANIUM-GRADE 2
Shell ID 1400,00 mm oD mm Shell Cover

Channel or Bonnet

Channel Cover

Tubesheet-Stationary

Tubesheet-Floating

Floating Head Cover

Impingement Plate

Rods

Baffles-Cross Type DOUBLE HELIX

%Cut (Diam)

Spacing(c/c) 1212,00

Inlet 684,949 mm

Baffles-Long Seal Type
Supports-Tube U-Bend Type
Bypass Seal Arrangement Tube-Tubesheet Joint
Expansion Joint Type
Rho-V2-Inlet Nozzle 455505 kg/m-s2 Bundle Entrance 2064,00 Bundle Exit 2139,25 kg/m-s2
Gaskets-Shell Side Tube Side
-Floating Head
Code Requirements TEMA Class

Weight/Shell 23797 4

Filled with Water 43841,0

Bundle 6744,19 kg

Remarks: Case 03

Note: Reported duty and flow rates include a user-specified multiplier of 1.05.

Reprinted with Permission (v56 SP2)




