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e Answer All Questions
e M - Max mark: CO - Course Outcome; BL - Bloom's Taxonomy Level (1 -

Understand, 3 - Apply, 4 - Analyse, 5 - Evaluate, 6 - Create)

e (Course Outcome Statements:
CO3: Design a steam nozzle for a thermal power plant

Remembel

and analyze the performance O

reciprocating alr Compressors
CO4: Analyze the performance parameters of steam and gas power cycles

Use of approved Steam Table and Mollier chart is permitted
Missing data, if any. may be suitably assumed and mentioned clearly on the answer sc

Q. No Quc;liun 1 M CO \ B
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[

sinole-acting reciprocating compressor takes tn Propane |
-, — — l

. A two-stage
oas at the rate of 0.2 kg/s at | bar and 293K and delivers tt at 20 bar. |

|
| ’ Clearance volumes for low- and high-pressure cylinders are 4% and

| 79 of the stroke volume, respectively. Assuming perfect intercooling |

f J and optimum intermediate pressure, calculate | :
I (1) The shaft power required with a mechanical efficiency ot 85% , |

| (11) [sothermal efticiency, _| |
\

() f{eat rejection in the intercooler. ! |
i) elivered and
(V)

v

Volumetric efficiency of each stage and the tree d
The ratio of the diameters for the same stroke tor both | | .
| : |

| cylinders.
| For propane Zas, | dE(LC D gl
steam enters a Convergen

_ 679 kIl ke K, Cv = 1.490 kJ/ kg K.

-Divergent nozzle at

'he dry saturated

m/s and expands to a pressure ot - bar. 10 :

a rate ot 2 Kg/s

'

| i a . -
0() bar with a velocity Ol 150
1 | | L
an sentropic tlow across the nozzle with

There 1S
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“::-:'—_*[..?\;:;:iimiﬁg “he case of maximum flow inside a nozzle, determine the 1R
tfollowing: {
(a) Throat pressure. | |
(b) Mach number at the divergent section. Give Its significance
relating to the area, velocity, and pressure of the nozzle.
Represent the nozzle process in the h‘ﬁil'j_‘f:l““}‘-_ : . L |
3. The dry saturated steam is expanded in a nozzle from a pressure of |
10 bar to S bar. [f the expanston is supersaturated, find the following:
|. The degree of undercooling; 0 | ; A
| 2. The degree of supersaturation; and
| ' 3. Draw and represent the process 1n a h-s diagram. | |
| 4. | A oas turbine power plant of 800 kW capacity takes the air at 1.01bar '
'| and 15°C. The pressure ratio of the cycle 1s 6, and the maximum
temperature s limited to 700°C. A regenerator of 75% eftectiveness
| is added to the plant to increase the overall efficiency of the plant.
' The pressure drop in the combustion chamber as well as the .
regenerator 1S 0.15 bar. Assume L0 f =R |
I'he 1sentropic etticiency ot the compressor = 80% |
| ['he 1sentropic efficiency of the turbine = 85% l' i
. Determine the plant thermal efficiency. j |
Neglect the mass of the fuel. |
d. | A gas turbine power plant of 5 MW capacity is supplied with air at |
' 15°C. The pressure ratio is 6. The maximum temperature is limited to ' |

- 0 ~ - - - . . >
| 150°C. The compression 1s carried out n one stage, while the | |

expansion is carried out in two stages with reheating to the original | I '
 lemperature. The suction and exhaust pressures are |bar. o[ 4 [ .4
 Take C, = 1.005 kJ/kg-K and y = 1.4 ftor air, and for gases C, = 1.13 | ' -
l KJ/kg-K and v = 1.33. n. = 80%, nu = N2 = 83%, C.V. of ftuel used = |

18,500 kJ/ke. Determine the thermal efficiency of the plant by

| Considering the mass of fuel burnt. |
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