Quiz 2
ChE Thermodynamics
January 19, 2017

The largest diesel engine in the world is built by a Swedish firm for ships at the Aioi Works of
Japan with a 1820 L displacement per cylinder and 14 cylinders (38 inch base and a 98 inch
stroke). The engine uses 1,660 gallons of diesel per hour in the most efficient operation with an
efficiency of 60% (80% of the maximum theoretical efficiency for a diesel engine).

Consider three of the stages for this two-cycle engine,

a) The compression cycle (isothermal at 75C) P goes from atmospheric to 20 bar,

b) Ignition (at constant volume), P goes from 20 bar to 100 bar, T; = 75 C (ignore the combustion
enthalpy),

¢) The power stroke with Q = 0, V reversibly goes from 79L to 1820L. Use T; = Tt from part b; and
Pi = Pf from part b- Pf= 1 bar.

Calculate AU, AH, Q, and Wgc for these three stages using the ideal gas law and C, = 22.7R.

d) A large diesel generator generally usually has an efficiency of about 35%. Why do you
think this enormous engine has a higher efficiency? (Do think that size is related to
efficiency?)

1 liter = 0.001 m’. 1 atmosphere is 14.7 psi, 1.01 bar, 0.101 MPa, 760 mmHg, 29.9 inHg

Gas Constant, R

8.31447 J/mole-K = 8.31447 cm’-MPa/mole-K = 8.31447 m*-Pa/mole-K

8,314.47 cm*kPa/mole-K = 83.1447 cm’-bar/mole-K = 1.9859 Btw/Ibmole-R (¢ "ot¢ )
82.057 em*-atm/mole-K = 1.9872 cal/mole-K®¢¢ "€ 2) = 10,731 ft’-psia/lbmole-R

Process Type Work Formula (ig)
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Isothermal Wee = -IPdl’ - -RT‘[(? - —RT"\,—,; (ig)
Isobaric Wee = —[Pav = -P(Vy-V,) (ig)
Wer = —Il’dl’ - —Iconst d} (*ig)
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Adiabatic and reversible AU = CUT,-T,) = Wg, (*ig)
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\H = AU+ A(PV) = AU+ R(AT) | Exact for an ideal gas

Cp = Cp+ R| Exact for an ideal gas
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