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Mathematical Modeling for Evaluating the Electricity Generation Potential from Exhaust Waste

Heat via an Organic Rankine Cycle: A Case Study Using a Run-Around Coil Heat Exchanger
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ABSTRACT

This study investigated the potential for electricity generation from exhaust waste heat at
various temperatures and flow conditions using an Organic Rankine Cycle (ORC) with R245fa as the
working fluid. A mathematical model was developed for a system incorporating a run-around coil heat
exchanger to transfer heat from the exhaust gas to a hot-water loop, which subsequently supplied heat
to the ORC evaporator. The minimum exhaust gas temperature after heat recovery was maintained at
120°C to prevent water vapor condensation, while a pinch temperature difference of 10°C was imposed
for the heat exchange processes. The analysis considered exhaust gas temperatures ranging from 150
to 300°C and hot-water-to-exhaust-gas heat capacity rate ratios ranging from 2 to 5. The results showed
that increasing the exhaust gas temperature increased both the produced hot-water temperature and
the ORC evaporator temperature, resulting in higher thermal efficiency and greater power output. For
an exhaust-gas heat capacity rate of 1.2 kW/K, the model predicted ORC thermal efficiencies of
approximately 14.1-17.2% and power outputs of approximately 5.08-37.08 kW. The highest evaluated
thermal efficiency and power output were 17.17% and 37.08 kW, respectively, at an exhaust gas
temperature of 300°C and a hot-water-to-exhaust-gas heat capacity rate ratio of 3. However, excessively
reducing the heat capacity rate ratio could increase the evaporator temperature beyond the suitable
operating range. For an ORC using R245fa, the evaporator temperature was therefore recommended to
be maintained below approximately 150°C. These findings demonstrated that the proposed
mathematical model could be used to estimate the electricity generation potential of exhaust waste
heat and to identify appropriate operating conditions for an ORC integrated with a run-around coil heat

exchanger.
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AMARNUIN

HI5N] a.1 HANITATUIIT (M) = 1.2 KW/K (mehw/(Mcp): = 4

Tri (O) Teo (O) Twi (C) Two (O) Te (Q) Qs (kW) ., W, (kw)
300 120 110 155.0 130 216 0.1670 36.09
250 120 110 142.5 119 156 0.1579 24.64
200 120 110 130.0 111 96 0.1496 14.36
150 120 110 117.5 104 36 0.1412 5.08

#7197977 2.2 NANTSAIUIRIT (e = 12 KW/K (Mch/ Mo = 3

Tri (O) Teo () T (Q) Tuo (O) T (Q) Qs (kW) N W (kw)
300 120 110 170.0 150 216 0.1717 37.08
250 120 110 153.3 130 156 0.1671 26.06
200 120 110 136.7 111 96 0.1496 14.36
150 120 110 120.0 104 36 0.1412 5.08

#759977 a.3 HANITAILIT (Mcpk = 1.2 kW/K (mephw/(Mcp)k = 2

Tri (O) Teo () T (Q) Tuo (O) T (Q) Qs (kW) M, W (kw)
300 120 110
250 120 110
200 120 110 150.0 122 96 0.1607 15.43
150 120 110 125.0 109 36 0.1473 5.30

7159977 2.4 NANTSHTUIRIT (e = 12 KWK (Meh/mey = 5

Tri (O) Teo (O) Twi (C) Two (O) Te (Q) Qs (kW) ., W, (kw)
300 120 110 146.0 120 216 0.1589 34,32
250 120 110 136.0 112 156 0.1507 2352
200 120 110 126.0 108 96 0.1462 14.03
150 120 110 116.0 105 36 0.1425 5.13
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