231 Warm air is contained in a piston—ylindcr assembly ori-
cated horizontally as shown in Fig. P2.31. The air cools slowly
from an initial volume of 0.003m” to a final volume of
0.002 m". During the process. the spring exerts a force that
varics linearly from an initial value of 900 N to a final valuc
of zero. The atmospheric pressure is 100 kPa, and the area
of the piston face is 0.018 m”. Friction between the piston and
the cylinder wall can be neglected. For the air. determine the
initial and final pressures, in kPa, and the work, in kJ.

A=0018m

Spring force varies lingarly frcm 900 N when
Vi = 0,003 m' 10 zero when V= 0002 m'
1

1

Fig. P2.31 o

Two kilograms of air is contained in aﬁgdwll-msulmd

&;:k with a volume of 0.6 m’. The tank uﬁnedvmh a pad-

dle wheel that transfers encrgy to the air at a constant rate

of 10W for 1 h. If no changes in kinetic or potential energy

occur, determine

(4) the specific volume at the final state, in m*/kg.

(b) the energy transfer by work, in kL. 7

(¢) the change in specific internal energy of the air.in kJ/ke.




volume until the pressure is 150 kPa. Friction between the
piston and the cylinder wall and kinetic and potential energy
effects are negligible. For the overall process of the water,
determine the work and heat transfer, each n kJ.

Water, Piston
imitially at D=15cm
x=30%, m=10kg
p =100 kPa




4.45 Steam enters a turbine operating at steady state at 800°F
and 500 Ibf/in.* and leaves at 0.8 Ibf/in.” with a quality of
93%. The turbine develops 15,000 hp, and heat transfer from
the turbine to the surroundings occurs at a rate of
2.5 % 10" Bu/h. Negl ting kinetic and potential energy
dnnges from inlet to exit, determine the volumerric flow

et in ft'/h.

4102 A simple steam power plant operates at steady state
with water circulating through the components with a mass
flow rate of 60 kg/s. Figure P4.102 shows additional data at

in the cycle. Stray heat transfer and kinetic g,
key points mﬂ“m Wh, Deternine (a) the thermg
potential cffects the mass flow rate of cooling wy,,

mmg condenser, in kg/s.

Cooling
water in at T
3 :

S
st %
6—b

| py=3MPa Cooling
4- T,=82°C water out at
Ty=T;+ 15°C

-

3 py=50kPa
Power Saturated liquid

Fig. P4.102









5.58 Al steady state, a refrigeration cycle operating bet
mwcddmmnamxmdm&w

removes energy by heat transfer from the cold reservoir at
a rate of 600 kW
(a) If the cycle's coefficient of performance is 4, determine

the power input required, in kW.
(b) Determine the minimum theoretical power required, in

kW. for any such cycle.









6.44 One kilogram of water contained in a piston—cylinde

mbly, initially at 160°C, 150 kPa. undergoes an isother.

mal compression process (o saturated liquid. For the proces,
W = —471.5kJ. Determine for the process.

(a) the heat transfer, in kJ.
(b) the change in entropy. in kJ/K.
Show the process on a sketch of the To-s diagram.

6.24 A gasmmally at 14 bar and 60°C expands to a final pres-
sure Of 2.8 bar in an isothermal, internally reversible process
Determine the heat transfer and the work. each in kJ per kg
of gas, if the gas is (a) Refrigerant 134a, (b) air as an ideal
gas. Sketch the processes an p—v and T-s coordinates,

643 One pound mass of Refri icant 546 boltebad Witk a
pmon-t?]em mbty mdet’goa a process from a state
mm pressure is 120 Ibf/in." and the quality is 40% to a

Where the temperature is SOF and the refrigerant is sat.
refrigerant, in Bruw/lh -°1{hec»misin . o s
adiabatically? pracess be accomplished

cotnic water heater having a 200 lier Capag
me:n elmm 10 heat water from 23 1o 55"Cy
The outer 5t ce of the resistor rTemains at an average 'em:
peratm'e of 80°C. Heat transfer from the outside (o the

water heater is negligible and the states of the resistor 4y
the tank holding the water do not change significantly, Mqy.
cling the water as incompressible. determine the amoun o
a) the water as the system.

:b)) the overall water heater including the resistor,

Cmﬁem of parts (a) and (b). and discuss



SOl awd, il
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the atmospheric level of 0.1 MPa. Employing the ideaj i
model for the air, determine the maximum i o
mdmmmbedﬂdoyed.mum::
transfer with the atmosphere and changes in Kinetic apg



ARy

nt 134a is the working fluid in a solar power
g on a Rankine cycle. Saturated vapor at 60°C

~mmmuam

M

_o ey




msmmmw » 1000°F enters the first stage of
percritical rehcat cycle including two tusbine stage, To
5 .-,,mmmmmﬁmlbﬂm is reheateq
..".'VH;I.II; .g: ant pressure o 1m Each turbine stage and g,
me,n : _-49 ic efficiency of 85%. lhecondemq
is | Miﬂ- It the net power output of the eycle ;
deemm :
(a) the rate of heat transfer to the working fuid passing
the stcam generator, in MW.
(b) ﬂ»md‘MMﬂm the working fluid passing
¥ 2 ..f_‘ T S AT T ‘m Mw
(c) the cycle thermal efficiency.




8.49 Water is the working fiuid in an i regencrative
Rankine cycle with medmdfudwmsw
con sure is 6 k expands through

2 closed feedwater heater at 0.7 MPa. Condensate drains
ﬁ““‘mmumwu 0.7 MPa and
is , ., urated liquid 2
Beater at 10 MPa and a temperature equal 1o the saturation
:ﬂWm-mo.TMPa.Dmminem&eqd‘é %
®) the ratc of heat transfer 1o the working fluid passing
through the steam gencrator, in kJ per ke of sicam

€) the rate of heat transfer from the working fluid passing
mm‘sblbemrlothemdingm.inﬂpatg
of steam entering the first-stage turbine.

8.52 A power plant operates on a regenerative vapor power
cycle with one closed feedwater heaier. Steam enters the
first turbine stage at 120 bar, 520°C and expands to 10 bas,
where some of the steam is extracted and diveried 10 a closed
feedwater heater. Condensate exiting the feedwater heater as
saturated liquid at 10 bar passes through a trap into the con-
denser, The feedwater exits the heater at 120 bar with a tem-

- perature of 170°C. The condenser pressure is 0,06 bar. For
isentropic s in cach turbine stage and the pump,

MNP AN
AR PR
)




9.20 The pressure and temperature at the beginning of com-
pression of an air-standard Diesel cycle are 95 kPa and 300 K,
respectively. At the end of the heat addition, the pressure is
7.2 MPa and the temperature is 2150 K. Determine
(2) the compression ratio.

(b) the cutoff ratio.
(¢) the thermal efficiency of the cycle.
(d) thc mecan effective pressure, in kPa.

9.21 Solve Problem 9.20 on a cold air-standard basis with spe-
cific heats evaluated at 300 K.



The displacement volume of an internal coppy, st
,:gine i:sm.:&l liters. The processes wighin each ﬂ.‘linak:
of the engine are modeled as an air-standard Diesel
with a cutoff ratio of 2.4. The state of the air 4 the
beginning of compression is ﬁxe'd by p = U5 kp,
7, = 27°C. and V; = 6.0 liters. Determinc the net work i
cycle, in kJ, the power developed by the engine, in kw

. ang
the thermal efficiency, if the cycle is executed 1500 fipe
per min.

6 kg/s. The compressor pressure ratio is 10, and the wrbine
inlet temperature is 1400 K. For k = 1.4, calculate

(a) the thermal efficiency of the cycle.

(b) the back work ratio.

(c) the nct power developed, in kW.

6 On the basis of a cold air-standard analysis, show that
’&:mw& ratio of an ideal air-standard Brayton cycle
equals the ratio of absolute temperatures at the compresso
inlet and the turbine outlet, .




DT, 22 qﬂw working fluid in a Camot vapor

g 5  which the mpmtorfcmpéﬂ‘““f‘

1041 An ideal vapor-compression refrigeration cycle, wi,
ammonia as the working fluid, has an cvaporator tempey,.
ture of —20°C and a condenser pressure of 12 bar. Saturyeg

vapor enters the compressor, and saturated liquid exits the
condenser. The mass flow rate of the refrigerant is 3 ke

Detcnmne
(a) the cocfficient of performance.
(b) the refrigerating capacity, in tons.







11.84 Ethylenc at 67°C, mhrcntels:mmptmopeumg
at steady state and is compressed isothermally without inter-
nal irreversibilities to lmwmmmdpomdmetg‘

changes gt wmiblag valuate in kJ per kg







12.76 Moist air enters an airconditioning system as showy i
Fig. 12.11 at 26°C. 6= 80% and a volumetric flow rate of
0.47 m¥s. At the exit of the heating section the moist gy
at 26°C.¢ = 50%. For operation at steady state. and
neglecting kinetic and potential energy effects, determine
(a) the rate energy is removed by heat transfer in the dehy.

midifier section, in tons.
(b) the rate energy is added by heat transfer in the heating
section. in kW.




m WMMamahm

57 ..,_,,._.Elzmwwﬁwmbushon for gaseoy
“butane (CHyy), in kJ per kmol of fuel and kJ per kg of fuc,
Mamm

Mmhmndpmﬂdwmmmm
ble. Determine for the jacketed reactor

(a) the mass flow rate of the coolant. in kg per kmol of fuel.
(b) the rate of entropy production. in kJ/K per kmol of fuel.






