MECH 390

Assignment #2 (Cycles)
Assignment date: Tuesday Jan 23, 2007

Due date: Tuesday Jan 30, 2007
Problem 1: (the Stirling cycle)
Show that for an idealized Stirling cycle, the thermal efficiency is:
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Problem 2: (Otto cycle)
An open, ideal Otto-cycle engine has a compression ratio of 10:1. The air just prior to the compression stroke is at 20C and 100 kPa. The maximum cycle temperature is 2000 C. The thermal efficiency of the ideal Otto cycle is 0.60.

Rather than simply discharging the air to the atmosphere after expansion in the cylinder, an isentropic turbine is installed in the exhaust to produce additional work. Assume constant specific heats, the mass flow rate through the turbine is steady and the pressure at the inlet to the cylinder is identical to the pressure at the discharge of the turbine.

i) draw a T-s diagram process for the compound engine

ii) determine the work output of the turbine, (kJ/kg)

iii) determine the overall thermal efficiency of the compound engine.
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Problem 1 Solution:

For idealized Stirling cycle with perfect regeneration, one can write:
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Thermal efficiency is defined:
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  (1)
From Gibb’s equation:
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If T = const.
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Integrating gives:
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Therefore, s3 - s4 = s2 – s1; and Eq. (1) gives:
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Problem 2 Solution:
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Part i)

For an isentropic process
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Therefore;

T2 = 293 K (10) 1.4-1 = 735.98 K

and 
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For an IC engine,
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Therefore
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The net work output from the Otto cycle is

wnet, Otto = cp (T3 – T4) – cp (T2 – T1)

                   = 1.005 kJ/kg.K (2273 - 904.9 – 735.98 + 293) K

                   = 929.75 kJ/kg

We have an isentropic process between 3 and 5, we can write:
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Since the air behaves as an ideal gas, and we know that P1 = P5 = Patm, we can write

P3 = R T3 / v3
P1 = P5 = R T1 / v1
Therefore
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But for an Otto cycle, we have constant volume heat addition between 2 and 3 and v2 = v3
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 EMBED Equation.3  [image: image17.wmf]
Part ii)

The work output of the turbine is

w turbine = (h4 – h5) = cp (T4 – T5)

                = 1.005 kJ/kg.K (904.9 – 655.7) K

                = 250.4 kJ/kg

Part iii) 

The thermal efficiency of the compound engine is given by


[image: image18.wmf](

)

(

)

(

)

762

.

0

/

58

.

1549

/

/

4

.

250

/

75

.

929

thus

/

58

.

1549

6

.

0

/

/

75

.

929

/

th

,

,

=

+

=

=

=

=

+

=

kg

kJ

kg

kJ

kg

kJ

kg

kJ

kg

kJ

w

q

q

w

w

Otto

Otto

net

h

h

turbine

Otto

net

th

h

h

h




















T1 = 20 C





in





out





Wturbine





Turbine





Otto Cycle





5





4





3





2





1





T





s








PAGE  
3
M. Bahrami                                             MECH 390 (W 07)                                                   Assignment #2

_1230969500.unknown

_1230971135.unknown

_1230971639.unknown

_1230972928.unknown

_1230971901.unknown

_1230971335.unknown

_1230971528.unknown

_1230969790.unknown

_1230969876.unknown

_1230969696.unknown

_1230719336.unknown

_1230719961.unknown

_1230720228.unknown

_1230719708.unknown

_1230719210.unknown

