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ABSTRACT

This study aims to gain the design data through the process design of the organic Rankine cycle, which
can produce 250kW of electric power through waste heat recovery. In this study, a simulation was conducted
using APSEN HYSYS to make the model for the process design of the 250kW-class waste heat recovery
system. For the thermodynamic model, the test was conducted with hot water as the heat source, the water
steam as the cooling water for the cooler, and the refrigerant R245FA in the cycle. In the final design, it
was expected and found from the simulation that the cycle efficiency was 12.62% and that 250kW of power
was produced considering the margin of 80%.
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Fig. 2 250kW grade ORC system
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Table 1 Hot water condition

Properties Unit Spec.
Temperature C 150.0
Pressure bar 4.76
Mass flow rate kg/s 13.86
Volumetric flow rate m’/hr 50.0
Table 2 Cooling water condition
Properties Unit Inlet | Outlet
Temperature C 32 37
Pressure bar 1.387 | 0.187
Table 3 Physical property of R245fa
Working P. T, Thp MW
fluid [bar] [C] [CT] [g/mol]
R245fa 443 154.1 15.3 134
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Fig. 3 Diagram of heat balance for ORC system

Table 4 Operation conditions

Unit Turbine Refrigerant pump
" | mlet | Outlet | Inlet | Outlet
Vappr 1.0 0.0
fr(;a,ﬁggn - cmed | 10| e | 00
Temp. T 133.0 | 74.14 | 36.12 | 37.29
Pressure bar 19.79 | 1.587 | 1.387 | 21.96
Power kW 36.86 1.959
R245fa
Flow rate kg/s 7.933
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Table 5 Design data of evaporator

1 Duty 1.088 kW
2 | Tube side feed mass flow 13.86 kg/s
3 | Shell side feed mass flow 7.933 kg/s
4 Tube inlet temperature 148.4 T
5 Tube outlet temperature 130.4 T
6 Shell inlet temperature 108.7 T
7 Shell outlet temperature 127.0 T
8 LMTD 18.67 T
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Table 6 Design data of preheater Table 10 Design data of cooling tower
1 Duty 824.5 kW 1 Duty 1.764 kW
2 | Tube side feed mass flow 13.86 kg/s 2 Feed pressure 1.2 bar
3 | Shell side feed mass flow | 7.933 kg/s 3 Feed temperature 37.0 T
4 Tube inlet temperature 130.4 T 4 Product pressure 1.0 bar
5 Tube outlet temperature 116.4 T 5 Product temperature 31.99 T
6 Shell inlet temperature 37.30 T
7 Shell outlet temperature 108.7 C Table 11 Design data of cooling water pump
8 LMTD 39.87 T
1 Delta P 14 bar
2 Power 15.76 kW
Table 7 Design data of superheater 3 | Capacity(Actual Vol. Flow) | 3041 | m3/h
1 Duty 78.97 kW 4 Feed pressure 1.0 bar
2 | Tube side feed mass flow 13.86 kg/s 5 Feed temperature 31.99 T
3 | Shell side feed mass flow 7.933 kg/s 6 Product pressure 2.4 bar
4 Tube inlet temperature 150.0 T 7 Product temperature 32.0 T
5 Tube outlet temperature 148.4 T
6 Shell inlet temperature 127.0 :C Table 12 Design data of turbine
7 Shell outlet temperature 133.0 C
8 LMTD 1904 | T 1 Rate 8:1
2 Feed pressure 20.8 bar
Table 8 Design data of cooler 3 Feed temperature 133.0 C
1 Duty 1.748 kW 4 Product pressure 2.6 bar
2 | Tube side feed mass flow | 84.04 | kg/s 5 Product temperature 74.14 C
3 | Shell side feed mass flow 7.933 kg/s
4 Tube inlet temperature 32.0 T 7], W79 HAF dSEHIFLEXHIMID
5 Tube outlet temperature 37.0 C Logarithmic mean temperature difference)= ©}& <]
6 Shell inlet temperature 74.14 T 2 (49 o] YEE & Atk
7 Shell outlet temperature 36.12 T
8 LMTD 11.61 T (Thin = Teowt) = (Thpogus — Thin)
AT, = - ; : : @)
" (T Toguny/ (T g = L)
Table 9 Design data of refrigerant pump
| Delta P 20.50 bar AZNA Ty L2S5 A ?:'}:FL_%E, Thouws =T
) . e SEE YEH, Tae ALE A UTeE
: Tews ETEEE UEL S & AFlA
3 | Capacity(Actual Vol. Flow) | 21.84 | m3/h LR Qs mE gaed A9 st
4 Feed pressure 2.20 bar o MA =Y.
5 Feed temperature 36.13 T Table 13S Fig. 39 HA3]E A28 gl A
6 Product pressure 22.70 bar Z}72ko] FA QA Aol2 AUrts AEZgA o T
7 Product temperature 37.29 [0 3 1o gol ~8gkolmt Wzt gl ik
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Table 13 Final design data for

hot and cooling water stream line

Unit C-101 C-201 C-301 H-101 H-201 H-301 H-401
Vapour fraction 0.0 0.0 0.0 0.0 0.0012 0.0 0.0
Temperature ® 32.0 37.0 31.96 150.0 148.4 130.4 116.4
Pressure bar 1.387 0.1867 -0.013 3.747 3.547 3.347 3.147
Molar flow Kgmote/h 16,970 16,970 16,970 2769.9 2769.9 2769.9 2769.9
Mass flow kg/s 84.04 84.04 84.04 13.86 13.86 13.86 13.86
Liquid volume flow | m3/h 303.2 303.2 303.2 50.0 50.0 50.0 50.0
Heat flow kW -1.327et6 | -1.325¢t6 | -1.327e¢+6 | -2.120e+5 | -2.120e+5 -2.131et5 | -2.139¢+5
Actual volume flow m’/h 304.0 304.6 304.1 54.41 64.77 53.39 52.74
Table 14 Final design data for refrigerant stream line
Unit R-101 R-201 R-301 R-401 R-401-L R-501 R-601
Vapour fraction 1.0 1.0 1.0 0.0 0.0 0.0 0
Temperature ® 127 133.0 74.14 36.13 36.121 37.29 108.7
Pressure bar 19.99 19.79 1.587 1.187 1.387 21.69 20.19
Molar flow Kgmote/h 213.0 213.0 213.0 213.0 213.0 213.0 213.0
Mass flow kg/s 7.933 7.933 7.933 7.933 7.933 7.933 7.933
Liquid volume flow | m3/h 20.93 20.93 20.93 20.93 20.93 20.93 20.93
Heat flow kW -68980 -68901 -69161 -70909 -70909 -70893 -70068
Actual volume flow m’/h 221.4 240.1 2235 21.84 21.84 21.77 26.85
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