1. An engineer designed a Brayton cycle with a T, or T,

regenerator (heat exchanger) for an automobile. In l '

the design, air enters the compressor of this engine at B SRR

100 kPa and 30°C. The compressor pressure ratio is 4 @ o > Too 0 Tho
10; the maximum cycle temperature is 800°C; and the it leetis = e gy

cold air stream leaves the regenerator 10°C cooler
than the hot air stream at the inlet of the regenerator.

A second engineer looked at the design and noticed
that it had a major issue. The regenerator should NOT
be used. Please, state why this other engineer
believed that.

This other engineer said that in order to properly use
the regenerator either the pressure ratio in the
compression should be reduced to at least 8.58 or the
maximum temperature of the cycle should be
increased to at least 895.48 °C.

0 1 2 3 4 5
NTU

Assuming both the compressor and the turbine to be
isentropic and constant specific heats at room
temperature. Determine: the net work, the heat Fictre 11.12 Effectiveness of a shell-and-
addition and rejection, the thermal efficiency, and the tube heat exchanger with one shell and any
heat exchanger effectiveness for the following cases: =~ multiple of two tube passes (two, four, etc.,

The original design (as stated above)

The original design without the regeneration ¢ <9

The original design with a pressure ratio of 1§ keeping same other variables

The original design with a maximum cycle temperature of 895.48 °C keeping same other
variables

e. The original design but removing the compressor with a two-stages compressor with
intercooling

o om

Discuss what option is the best. You should consider what might be cheaper to make and whether
the heat exchanger (for the regenerator) is feasible. For the heat exchanger feasibility, use the
provided figure with Cmin/Cmax = 1.00, which indeed is the value for this specific problem. Please
note that there is maximum achievable effectiveness, anything above is impossible.

2. Aturbojet aircraft flies with a velocity of 900 km/h at an altitude where the air temperature and
pressure are -35 °C and 40 kPa. The combustion gases enter the turbine at 950 °C. The turbine
produces 500 kJ/kg of work, all of which is used to drive the compressor. Assuming an isentropic
efficiency of 80% for the compressor, an isentropic efficiency of 90% for the turbine, and using
variable specific heats, determine:

(a) the pressure of combustion gases at the turbine exit,
(b) the velocity of the gases at the nozzle exit, and
(c) the thrust for this engine if the diffuser inlet diameter is 1.6 m.
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