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The Maximum Power Condition of the Endo-reversible Cylcles
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Abstract

Pseudo-Brayton cycle is defined as an ideal Brayton cycle admitting the difference between
heat capacities of working fluid during heating and cooling processes. The endo-pseudo-Brayton
cycle which is a pseudo-Brayton cycle with heat transfer processes is analyzed with the considera-
tion of maximum power conditions and the results were compared with those of the endo-Carnot
cycle and endo-Brayton cycle. As results, the maximum power is an extremum with respect to the
cycle temperature and the flow heat capacities of heating and cooling processes. At the maximum
power condition, the heat cépacity of the hot side working fluid is larger than that of heat source
flow and the heat capacity of the cold side is smaller than that of heat sink flow. And the heat
capacity of endo-Brayton cycle is always between those of heat source and sink flows and those
of the working fluids of pseudo-Brayton cycle. There is another optimization problem to decide
the distribution of heat transfer capacity to the hot and cold side heat exchangers. The ratios of
the capacities of the endo-Brayton and the endo-pseudo-Brayton cycles at the maximum power
condition are just unity. With the same heat source and sink flows and with the same total heat
transfer cagpacities, the maximum power output of the pseudo-Brayton cycle is the most, that of
the Brayton cycle is the next, and that of the Carnot cycle is the least as expected, but the
differences among them were small if the heat transfer capacity is not so large. The thermal
efficiencies of the endo-Brayton and endo-Carnot cycle were proved to be 1-/{T;/T,) but it is not
applicable to the pseudo-Brayton case, instead it debends on comparative sizes of heat capacities
of the heat source and sink flows.
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Fig. 1 Schematic diagram of the endo-reversible-

cycles with counter-flow heat exchangers
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Temperature

Fig. 6 Cycle temperatures as functions of 7, at
maximum power conditions.
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Fig. 7 Cycle temperatures as functions of U at
maximum power conditions.
(Th=4, T:=1, Cy=], C:=2, Ur=2, Tz= Tim,
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Heat capacities

Fig. 8 Heat capacities of Brayton and pseudo-
Brayton cycles as functions of C, with fixed
Cy and U; at maximum power conditions

(Th=4, Tv=1, Cy=1, Ur=2, Ts=Tasn, Cu=

Cimy, Ci=Cim, UH/UT:UHM/UT:O.S)
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Table 1 Example of the calculation results for the maximum power conditions of endo-reversible cycles

(Ti=4, Ty=1, Cu=1, Ur=5)

cycle endo-Carnot endo-Brayton endo-pesudo-Brayton
CL 0.5 1.0 10.0 0.5 1.0 10.0 0.5 1.0 10.0
T 3.353 3.082 2.696 3.167 | 2.889 2.604 3.083 2.879 2.569
T 3.315 3.000 2.543 2.584 2.444 2.302 2.761 2.499 2.114
T. 3.315 3.000 2.543 3.833 3.556 3.069 3.583 3.474 3.291
T 1.657 1.500 1.271 1.916 1.778 1.535 2.186 1.842 1.365
Ts 1.657 1.500 1.271 1.292 1.222 1.151 1.132 1.179 1.274
Ts 1.648 1.459 1.065 1.833 1.556 1.070 1.932 1.563 1.071
Cn ) oo o) 0.667 1.000 1.818 1.116 1.152 1.215
C oo (%) o 0.667 1.000 1.818 0.442 0.848 7.846
Uy 0.580 0.500 0.450 0.500 0.500 0.500 0.500 0.500 0.500
174 0.324 0.459 0.652 0.416 0.556 6.698 0.452 0.559 0.721
Thn 0.500 0.500 0.500 0.500 0.500 0.500 0.492 0.498 0.504
& 0.449 0.459 0.428 0.578 0.556 0.458 0.627 0.559 0.474
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Table 2 Characteristics of endo-reversible cycles at the maximum power condition

cycles variables thermal heat transfer heat capacity
efficiency capacity flow
Curzon-Ahlborn (Th Uy —J(Ta/ T Uy=U, infinitive
endo-Carnot (T, Un) - J(T/T) Usn<U if Gu<C, infinitive
UH: UL, lf CH= CL
Us> U, if Cy>C
endo-Brayton (T;, C Uy) 1-J(/T) Uy=U, C.<C<Cy
CG<C<C,
endo-pseudo- (7‘3, Ch, Cl, UH) 771h>1"'/(7‘7/7‘1) ) UH—_‘— U]_ CH<Ch, C1<C|_
Brayton if G<GC
7tn=1—V (T7/T1) s
if G=GC
ma<1—+(5/Th),
if G>G
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