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In an air standard Otto cycle, the ambient conditions determine the minimum temperature while the maximum
temperature is determined by the design conditions and metallurgical considerations of the piston and cylinder.
For fixed vaive of minimum temperature T, and maxmmm temperaryre, T3, show that for maximum work output,
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- Air enters the compressor of an ideal Brayton cycle at 100 kPa, 290 K with a volumetric flow rate of 4 m’/s. The

essure ratio for the cycle is 10 and the maximum temperature during the cycle is 1500 K. Determine:
1) the thermal efficiency of the cycle,

1) the fraction of work output that js consumed by the compressor, and
) the net power output.
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- An ideal Brayton cycle has a pressure ratio of 12. The pressure and temperature at the compressor inlet are 100 kPg
nd 27°C respectively. The maximum temperature during the cycle is 12002C. If the mass flow rate of air is 8 kgl/s,

s gtermine the power output and efficiency of the cycle.
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5. The minimum and maximum temperatures during an ideal Brayton cycle

are 300 K and 1200 K respectively. The
ressure ratio is such that the net work developed is maximized. Determine:
a) the compressor and turbine work per unit mass of air, and
b) the thermal efficiency of the cycle. ugzmns e ? '1\ 9. ; a o q 2
. 7 .
""‘\ P 36/0 \4 w
: ~ ' Y
T, 1200k : Y
3 | l ! |
¢ ) b ~
4 ¥k
ke v e . Ky
e o R
loen C?( by i : ,
neb % W= i (BT G| - -
f\e)’ = e e : s ey : -
: ~-)
P, ATl s Co i SON A
2 c,*L?L* £3 R e T -
LT i e | ) .TL’E
RSk = k\" S L TG TR
T X kr g 3 ra - (P =

.—a/A
_ \ ;
=, iy e
RO
; (f ;? = G
R C )Q,T’?’ ;Q,@—(;D—- ";\\“31 4\
e =
: > Lo B
T;;.ymx@ﬁo“ﬁzéw%' i |
il \ | >~
.—rlﬂ_// \Q'C/DQ;_‘:L - éC’DV' 5
&\us\) Y




W
R

\ 24

M

N oo Sy

;\,C@g(\)c@'{(@)

- 0¥ w- /33

- Cpieieil >
- veos( G oo~ zw)

~ 30k 9\“/‘/ s
By "é“)

T

- o-5000uU{
= Ve

R SN A U S R b




- The compressor and turbine of an ideal gas turbine each have isentropic efficiencies of 80 %
he minimum and maximum temperatures are 300 K and 1500 K respectively. Determine:

1) the net work per kg of air,
o) the thermal efficiency of the cycle, and

:) Compare both of these for a cycle with ideal compressor and turbine. ==
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7. A Rankine cycle has a boiler working at a pressure of 2
ycle are 400°C and 50°C respectively. Determine the efficie
perating between the same temperature limits.
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. An ideal Rankine cycle operates between a boiler pressure of 4 MPa and a condenser pressure of 10 kPa. The exit
eam from the turbine should have a quality of 96 % and the power output of the turbine should be 80 MW. Determine

1) the minimum boiler exit temperature,
») the efficiency of the cycle, and

) the mass flow rate of steam.- ««
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). Saturated vapor enters into a turbine of an ideal Rankine cycle at 10 MPa and saturated liguid exits the condenser at
') kPa. The power output of the cycle is 120 MW. Determine:
) the thermal efficiency of the cycle,

') the back work ratio, il
. . the mass flow rate of steam,

) the rate at which heat is supplied to the boiler,

) the rate at which heat is rejected from the condenser, and

) the mass flow rate of condenser cooling water, if the cooling water enters at 20°C and exits at 35°C. [Take specific heat
“water as 4.18 kJ/kgK].
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). An air standard diesel cycle has a compression ratio of 22 and ex

pansion ratio of 11. Determine its cut off ratio and the
"ficiency.
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3. A heat pump maintains a room at a temperature of 20°C when the surrounding is at 5°C. The
z rate of heat loss from the room is estimated to be 0.6 kW per degree temperature difference

| between inside and outside. If the electricity costs Rs 10/kWh, determine the minimum
| theorétical cost per day. e
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4. A heat pump heats a house in the winter and then reverses to cool it in the summer. The room temperature

should be 22°C in the winter and 269C in the summer. Heat transfer through the walls and ceilings is estimated to
be 3000 kJ/h per degree temperature difference between the itiside and outside.

(a) Determine the power required to run it in the winter when the outside temperature decrease to 0°C.

(b) If the unit is run by the same power as calculated in (a), throughout the year, determine the maximum outside
summer temperature for which the house can be maintained at 26°C.
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7. A reversible engine working in a cycle takes 4800 kJ/min of heat from a source at 800 K and develops 20 kW
power. The engine rejects heat to two reservoirs at 300 K and 360 K. Determine the heat rejected to each sink. .
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9. A piston cylinder device shown in Figure A2.9 contains 1 kg of water at saturated vapor state
500 kPa. It is cooled so that its volume reduces to half of the initial volume because of heat
transfer to the surrounding at 20°C. Determine the total entropy generated during the process.

Figure A2.9

- \-9 i 5 .' > j Y = r—’% ' i:«( L4
Y = Chie s ; = ) P =5 eD\4pQ ngm %
Yo e S, = (Sp+21, 5 '

s & : : — + -3 4 o
\-9) i_i_.‘ :"‘Oc_\%ff,\J5 : £ * e S)P*,SW : ;4

P P 5 1P = 38630 % 0-u3&5UF Y9 oy

8 443336 \“j}’éj%
‘ -~ (9, & A \JJ

3, = (0 %, 8 Jpsseokpe

0: 38 FU5 = 0-aDV 09, 471 x 03733

)

M, =~0.U9§B54T.

W= = 25€ 4 2\5] Jemy.

\ (‘S)V”/vafq Y : )-1‘3

W (Ui, y

2 AT Mo ~ A59F- FUg .
AR 51K3.

"D gugn 237U (51

N, :(m *%}M@?;W\% = (U380 U9BHUT ¥ 23082
= 1€3)-us(7 vylks.
V\\J\) - 05718 Ly,

Sqen S 5) €2 %,
= be"}‘b 9 (- ga2 ‘t)"’ * C"_‘L’i;.‘i_g_.)

29%
— L.ANEL vl s




a7

10. A piston cylinder device loaded with a linear spring as shown in Figure A2.10 contains 0.5
kg of water at 100 kPa and 25°C. Heat is transferred from a source at 750°C until water reaches
to a final state of at 1000 kPa and 6000C. Determine the total entropy generated during the

process. ST
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11. A plStOl] cylinder device shown in Figure A2.11 contains 1.5 kg of water initially at 100
. kPawith 10 % of quality. The mass of the piston is such that a pressure of 500 kPais required to
llft the piston. Heat is added to the system from a source at 500°C until its temperature

‘ reaches400°C . Determine the total entropy generation during the process. 5 o S

Figure A2.11

m\/&"/ 3: 5

?"\w‘é\?q < -(_b
N, ~ oL : SR N
?9 gl i
’Ysﬁmu\-Uc/u_c

\9\';&\9})“ ()ﬂde)?“,iOD)c{)C/. _

= 0 UB\OUD 4+ Ol ¥ 3. (9373
— O 1 FoBFon| 143’
* XD

, =\, 203 F0373 ; P, =50)PY

(\99‘5@2 o 10973 m’bl)dz}

k\%) 500 > 0:3F49 mé))‘@j
C.SYake & 5 e}zf)\asﬂ
U/—, = U)}&'M} w’lj

03703732 0 01093494 5 0.3733
e ()() T O'uslg

ke 0- Fues wvl Vﬁ

?/K 3 SR
© <
R

Uy ?LU} Al ujfj)ﬁ ~heRlepy

ko of’rr*i?( 3, (37> 50U, Ty = Uew'c

n’,

= L1 @964 0 V3268 F L
= C2F CF Wil

U\} »/<\,U\A<’>1;\U3>P; 5@)‘1’37

— €39 8UX 0528 X192 1
= 1509-8u49 K114,

= ("\ AN, k)ﬁ)r-, 5P

= €U03840:45I8X2108: 2
- = 1594 3F2HKT().

s ‘S‘JS)?:woqu

=\ 2027100y C.o5(2
= 90232 1 ¥q -

S




GNdY  Condel.

(s6) -(8ey A(Sa
8, ey Ay,

oy by ],

J\Q’Sos-gus;-@%é;)*@ug& 3»699-972)}“_5
- 443956395 Vj’g
LS /$‘>M"‘§K p\-geﬂ\

096 30832 5= WIH6ds S, ., ,
ngfl it J“"”’,H,
FIBLF2 = 5.5F(F +Sq e ¥

Sjem; 3:90£03 {3]k"

=




| 55

S

| 12. Water is contained in a piston cylinder device with two set of stops as shown in Figure
A2.12 is initially at 1 MPa and 400°C. The limiting volumes are Vmin=1 m3 and Vmax=2 ma.
The weight of the piston is such that a pressure of 400 kPa is required to support the piston. The
system is cooled td"100°C by allowing system to reject heat to the surroundings at 25°C. Sketch** -
the process on P—v and T—v diaérams and determine the total entropy generated during the
process.
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%
| 13. Steam enters a nozzle at 1.5 MPaand 3000C and with a velocity of 50 m/s, undergoes a
reversible adiabatic process and exits at 200 kPa. Determine the exit velocity.
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14. A compressor receives air at 100 kPaand 27°C and requires a power input of 60 kW. If the
mass flow rate of the air is 0.1 kg/s, determine the maximum exit pressure of the compressor.
[Take y=1.4, cp=1005 ] /kgK]
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4. A gas enclosed by a piston shown in Figure Al.4 starts to expand due to heatigg. The initial
movement of 0.2+t isrestrained by a fixed mass of 30 kg and the final 0.05 m is restrained botit =«
by the mass and a spring of stiffness 10 kN/m. The cross sectional area of the piston is 0.15 m2
and the atmospheric pressure is 100 kPa.

(a) Neglecting the mass of the spring and the piston sketch a P-V diagram of the process.

(b) Calculate the work during the initial 0.2 m movement.

(¢) Calculate the total work done.
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| 5. The frictionless piston shown in Figure A1.5 has a mass of 20 kg and a cross sectional area of
78.48 cma2. Heat is added until the temperature reachies 4000C. If the quality of the H20 at the
initial state is 0.2, determine:

(a) the initial pressure,

(b) the mass of H20,

(¢) the quality of the system when the piston hits the stops,

(d) the final pressure, and

(e) the total work transfer.

[ Take Patm= 100 kPa, g = 9.81 m/s2]

Figure A1.5
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7. A piston cylinder.arrangement shown in Figure A1.7 contains water initially at a pressure of 1. _
MPa and a temperature of 4000C. Heat is transferred from the system to the surroundings until its

pressure drops to 100 kPa. Sketch the process on P-v and T-v diagrams and determine:
(a) the mass of H20 in the system, and

(b) the total work transfer. P A : 1
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9. A gas undergoes a thermodynamic cycle consisting of the following three processes:

Process 1 — 2: expansion with PV = constant, P1 = 800 kP&, Uz= U1 Process 2 — 3: constant
volume with V2 = V3 = 2 m3, U3 — Uz = 300 kJ Process 3 — 1: constant pressure, W31 =
—1200 kJ AP 1 1
(a) Sketch the process on P — V and T — V diagrams.
(b) Calculate the net work for the cycle.

(¢) Calculate the net heat for the cycle. ) ®
(d) Calculate the heat transfer for process 1 — 2.
(e) Calculate the heat transfer for process 3 — 1.
(f) Is this power cycle or a refrigeration cycle?
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10. A rigid vessel having a volume of 0.4 m3 initially contains a two-phase mixture at a pressure
of 100 kPa with 2 % of its volume occupied by 3aturated liquid and the remaining by the
saturated vapor. Heat is supplied to the vessel until it holds only saturated vapor. Determine the
total heat transfer for the process. ™
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15. Air (0.1 kg) is contained in piston/cylinder assembly as shqwn in Figure A1.15. Initially, the
*Ipiston rests on the stops and is in contact with the spring, which is in its linStretched position. The
spring constant is 100 kN /m. The piston weighs 30 kN and atmospheric pressure is 101 kPa.
The air is initially at 300 K and 200 kPa. Heat transfer occurs until the air temperature reaches
the surrounding temperature of 700 K.

(a) Find the final pressure and volume.

(b) Find the process work.

(¢) Find the heat transfer.

(d) Draw the P-V dlagram of the process. [Take R = 287 ]/kgK and cv=718 ] /kgK]
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