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11.

Question Bank

In order to achieve Thermodynamic equilibrium what is the condition for temperature
and pressure?
(a) Temp uniform and pressure steady
(b) Temp. steady and pressure uniform
(c) Temp. steady and pressure steady
(d) Temp uniform and pressure uniform
Ans. (a)
For single component three phase system what is the minimum no of properties
required to define the state.

(a) One (b) Two (c) Three (d) None
Ans. (d)

For the expression fpdV to represent the work, which of the following conditions
should apply?

(a) The system is closed one and process takes place in a non—flow system

(b) The process is non- quasi static

(c) The boundary of the system should not move in order that work may be transferred.
(d) If the system is open one, it should be non reversible.

Ans. (a)

What do you understand by Thermodynamics System? Explain different types of the
systems.

What are the intensive and extensive properties? Explain with examples.

What do you understand by Macroscopic and Microscopic approach? Explain.

State Zeroth Law of the thermodynamics. What is the application of the zeroth law.
Explain the Thermodynamics equilibrium.

Explain the concept of Continuum.

What do you understand by Quasi-static Process? What is the need to define a quasi-
static process?

Show that for a closed system heat transfer at constant volume is equal to change in
internal energy and heat transfer at constant pressure is equal to change in enthalpy.

Sol.
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(i) for constant volume process W =0...................... (1)
From the first law of thermodynamics for the closed system,
0Q=dE+6W
if change in K.E & P.E is negligible then 8Q=dU+dW................. (i1)
from the equation (1) & (i1),
0Q=dU. Proved
(ii) for constant pressure process, W = Pdv

Enthalpy H=U+PV, then dH=dU+PdV+VdP and dP =0 (P = constant)

So dH=dU+PdV ................. (1)
From the first law of thermodynamics for the closed system, 6Q=dE+6W
if change in K.E & P.E is negligible, 0Q=dU+oW
for constant pressure process 6W= PdV, so 6Q=dU+PdV................. (i1)

from the equation (1) & (i1),
6Q= dH. Proved
12.  Convert following readings of pressure to kPa absolute, assuming that the barometer
reads 760 mmHg:
a) 90 cm Hg gauge
b) 1.2 m H,O gauge
c) 3.1 bar gauge.
Sol.
Given, Barometer reads 760mm of Hg so
P.im= 760mm of Hg = ppex<gxh =13600%9.81x0.760=101.396 kPa
(a) 90 cm Hg gauge
We know Pps=PaimTPgauges 50 Pans= 760mm of Hg+ 90 cm of Hg = (0.760+0.9) m of Hg
Puns = 1.66 m of Hg= 13600%9.81x1.66=221.47 kPa
(b) 1.2 m H,O gauge
Pauge= 1.2 m of HyO= pyaterxgxh=1000x9.81x1.2= 11.772 kPa
We know Paps=PaimTPgauge:50 Paps= 101.396+11.772=113.168 kPa
(c) 3.1 bar gauge.
Pgauge= 3.1 bar=3.1x10° kPa
We know Pps=Pum+Poauge, 50 Paps= 101.396+3100=3201.396 kPa
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13.  During a heating process, the temperature of the system rises by 10°C. Express this rise
in temperature in K, °F and R.
Sol.
Given AT’C = 10°C

T-Tice — K—Kjce e F—Fice — R—Rjce

We know = = e (1)
Tsl:eam-TiCe Ksteam =Kijce Fsteam—Fice Rsteam=Rijce
Table 1
Temp. Scale Steam Point Ice Point

Degree Celsius (°C) 100 0

Kelvin (K) 273.15 373.15

Degree Fahrenheit ("F) 32 212

Rankine (R) 491.67 671.67

Putting all the values from table 1 into equation (1)

T-0 _  K-27315 _ F-32 _  R-491.67
100-0  373.15-273.15  212-32  671.67—491.67

From equation (ii)

K=T-273.15, 50 AK=AT= 10K. ans
F:%xT+32, 50 AF=§AT:§x10=18°F.ans
Rzng+491.67, 50 AR=§><AT=§X10=18R.ans

14.  Explain the type of the system for the given:
a) Turbine
b) Piston cylinder without valve
¢) Classroom with closed door
d) Piston Cylinder with valve
Ans.
(a) Open system
(b) Closed System
(¢) Closed System
(d) Open System
15. The temperature t on the thermometric scale is defined in terms of property K by

relation t= axInK + b, where a and b are constants. The values of K are found to be 1.83
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and 6.78 at ice point and the steam point, the temperatures of which are assigned the
numbers 0 and 100 respectively. Determine the temperature corresponding to a reading
of K equal to 2.42 on the thermometer.

Sol.

Given. t=axInK+b, t;..=0 and tseam=1000

Kice poin=1.83 and  Kieam point = 6.78, where K is a thermodynamic property.

t—t; K-K; int )
We know that e = e i T T (1)
tsteam—t;ce  Ksteam point —Kice point

We have to determine the temp. reading corresponding to K=2.42

Putting values of all the parameters in equation (i)

t—-0 _ 2.42-1.83

e S S0 t=13.53. ans

The resistance of a platinum wire is found to be 11.00 ohms at the ice point, 15.247
ohms at steam point and 28.887 ohms at the sulpher point. Find the constant A and B in
the equation. R=R(1+At+Bt*)And plot R against t in the range 0 to 660°C.

Sol.

Given. Rice point =Ro=11.00, Ricam poin=15.247 & Ryuipher point =28.887
R=Ro(1+At+B)..oeeeiiee, (i)

We know that tyeam poin=100C, tiuipher poin= 444.6°C

Putting all the values in equation (i)

Rtesim po,-m:Ro(]+At5wam+B(tsteam)2) — 15.247=11.00x(1+Ax100+Bx100).............. (ii)
Rsulpherpoinl:RO( 1 +Atsulphcrp0int+B(tsulphcrpoim)z)
— 28.887=11.00% (1+Ax444.6+Bx444.6%). ...\ eveveeeeee, (iii)

After solving equation (11) & (111)
A=3.92x107 /°C & B=-5.9x10" /°C*

Plott vs R
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A new temperature scale in degrees N is to be defined. The boiling and freezing on this
scale are 400°N and 100°N respectively. What will be the reading on new scale
corresponding to 60°C?

Sol.

Given Npp=400’N & Npp=100 ‘N

We have to find out reading on new scale corresponding to T=60"C.

We know that Ticer.p=0°C & Tyeammp=100°C & ——nee — TTEP.

Tsteam-T;,, ~ NB.P.—NFP.

Putting all values in eq.(1)

60-0 _ N-100
100-0  400-100

N=280"N. ans

A vacuum gauge connected to a chamber reads 40kPa at a location where the
atmospheric pressure is 100kPa. Determine the absolute pressure in the chamber.
Sol.
Given. Pun=100 kPa, &
Pchamber=40 kPa vacuum gauge = -40 kPa (-ve sign because its vacuum pressure)
We know Pabs =P asgyPsuge vevcncavsssmmn wusmnuncn (i)
Putting all values in eq. (1)

Puns=100-40= 60 kPa. ans
The piston of a vertical piston- cylinder device containing a gas has a mass of 60kg and
a cross sectional area of 0.04 m’. The local atmosphere pressure is 0.97 bar, and
gravitational acceleration is 9.81 m/s*. (a) Determine the pressure inside the cylinder.
(b) If some heat is transferred to the gas and its volume is doubled, do you expect the

pressure inside the cylinder to change if yes/ no give specific reasons to justify your

ans.

Sol.

Given. Mpison= 60Kg, Apision=0.04 m”, Po=0.97 bar = 0.97x10° Pa=97 kPa & g

=9.81 m/s”. Patm

(a) Fig.2 shows the different forces acting on the \l/ \l/ \l/ *l/ \l/ *l/ \l/
Piston. Pisgon
Applying force balance in vertical direction, ) F,=0 1\ /I\ /]\ /l\ /I\ /T\
Patm> ApistontWopiston = Pinside* Apiston=0 Pinic

Wiiston

Fig. 2
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Woiston :
+ = (i)

So Pinsize = Patm A
piston

Putting all the values in eq.(1)

60x9.81

Pinside =97 x 103 + 0.04

SO Pinsize = 111.715 kPa. Ans
(b) No.
Pressure inside the cylinder will not change because the piston is free to move so if
there is even a small increase in Pj,giq4e due to heat transfer it will lead to movement
of piston outwards, so keeping pressure constant.
An engine cylinder has a piston of area 0.12 m” and contains gas at a pressure of 1.5
MPa. The gas expands according to a process which is represented by a straight line on
a pressure- volume diagram. The final pressure is 0.15MPa. Calculate the work done by
the gas on the piston if the stroke is 0.3 m.
Sol.
Given  Ap=0.12 m’, P;=1.5 MPa, P,=0.15 MPa & Stroke Length (L) = 0.3m
Process 1s represented by a straight line on a pressure- volume diagram so in fig.2 a

straight line has been drawn to depict the process from 1-2.

We know work in by a closed

System is represented by area
under the curve on P-V diag. 1
Py
W. D. = Area under St. Line T
1-2.
P
= Area of trapezoid 12V, V.. P, 2
W.D.= ) x (V= V)
W.D.= (32212 % (4, x L) x 106 J
Vi V.
1.65
W.D.= (T) x (0.12 x 0.3) x 10°] v —>
Fig. 3

W.D.= 29.7 Kk].ans
A mass of gas is compressed in a quasi- static process from 80 kPa, 0.1 m’ to 0.4 MPa,
0.03 m’. Assuming that the pressure and volume are related by pv"= constant, find the

work done by the gas system.

Sol.
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23,

Given P;=80 kPa, P,=0.4 MPa, V; = 0.1 m’ & V,=0.03 m’
Relation in pressure and volume is PV"= constant, so P;V"=P,V"............ (1)
Putting all the values in eq. (1)

80% 0.1" =0.4%10°%0.03™.....ovveenn (i1)
After soling the eq.(i1), we can get n = 1.33

We know that work done by a closed system for the polytropic process is given by

W.D. =P e, (iii)

n-—1
Putting all values of parameters in eq. (iii)
80 x 0.1 —0.4x 103 x 0.03
1.33—-1
So W.D.= —12.12 K].ans

W.D.=

Derive the expression for the non- flow work output for the following conditions.
a) Isothermal process

b) For a polytropic process (PV"= constant).

¢) For isochoric process.

Proof that for an adiabatic process pvY = constant.

Sol.

<o

from first law of thermodynamics for a process when AK.E. & AP.E. = 0 & W=
dQ=dU + PdV

dQ =0 Since adiabatic process, so dU +PdV =0

We know that dU = mC,dT so, mC,dT +PdV =0
mCydT=-PdV ------ (1)
Enthalpy H=U+PV
Differentiating both side
dH = (dU + PdV) + VdP = 0+VdP
dH = VdP, We know that dH = mCpdT so mC,dT =VdP ------ (11)
dividing eq.(1) by eq.(ii)
mCpdT / mC,dT =-PdV / VdP
vy=-PdV / VdP, v.VdP +VdP =0
Integreating both side than we get
InP+ InV'=C
In PV'=C, PV = Constant pyoyed.
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26.

27.

28.

Derive the steady flow Energy Equation for the open system with the help of suitable
diagram.
State whether the statement given is true or false.
a) Internal energy of an ideal gas is a function of temp and pressure.
b) At very high pressure and low Temperature all gases and vapors approach ideal gas
behaviour.
¢) Slop of isothermal curve is greater than adiabatic curve on P-V plot.
d) Enthalpy is a property and specific enthalpy is an intensive property.
Sol. (a). False, (b) False, (c) False & (d) True
In a cyclic process, heat transfers are +14.7kJ, -25.2 kJ, -3.56 kJ and +31.5 kJ. What is
the net work transfer for the cyclic process?
Sol.
Given. Q=+14.7kJ, Q,=-25.2 kJ, Q3=-3.56 kJ & =+31.5 kJ.
From the first law of Thermodynamics for a cycle, 7 Q=) W
So, 14.7-252-356+31.5=7W
Net Work done= 17.44 kJ (by the system). ans
The properties of a certain fluid are related as follows: u= 196+0.718t and pv=
0.287(t+273), where u is specific internal energy (kl/kg), t is in °C, p is pressure
(kN/m?) and v is specific volume (m3/kg), For this fluid, find C, and C,,.
Sol.
Given. u=196+0.718t (kl/kg), pv=10.287(t + 273)
We know that, dU=mC,dt & du=C,dT, so Cv=du/dt=d/dt(196 + 0.718t)
Cv=0.718 kJ/kgK ans.
We know that enthalpy H=U+PV & h=u+pv
So, h=196+0.718(t +273) + 0.281(t + 273) = 196 + 1.005(t + 273)
but dH=mC.dt, & dh=C,dt so, Cp=dh/dt=d/dt{196 + 1.005(t +273)}
Cp = 1.005 kJ/kgK ans.
A system composed of 2 kg of the fluid having C,= 0.718 kJ/kg K and C,= 1.005 klJ/kg
K in a frictionless piston and cylinder machine from initial state of 1 MPa, 100°C to a
final temperature of 30°C, If there is no heat transfer, find the net work for the process?

Sol.
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30.

31.

32.

Given. P;=IMPa, T;=100°C, Ty= 30°C, ms=2 kg, C,= 0.718 kl/’kg K, C,= 1.005

kl/kg K & Q.0 (no heat transfer).

From the first law of the thermodynamics when AK.E. & AP.E. =0

Qir=dU + Wi
0=dU+ W,¢ so, Wis=-dU=-m{CvdT = -m{Cv(T;— T;) = -2x0.718%(30-100)
Wir=100.52 kJ ans.

A piston cylinder contains water at 500°C, 3 MPa. It is cooled in a polytropic process to
200°C, 1 MPa. Find the polytropic exponent (n) and the specific work in the process.
A piston cylinder assembly contains 0.5 kg of air at 500kPa and 500K. The air expands
in a process such that P is linearly decreasing with volume to a final state of 100 kPa,
300K. Find the work in the process. Molecular weight of air M= 29.
A piston cylinder has 1.5 kg of air at 300K and 150kPa. It is now heated up in a two-
step process. First constant volume to 1000K (state 2) then followed by a constant
pressure process to 1500K (state 3). Find the final volume and the work in the process.
A gas undergoes a thermodynamic cycle consisting of the following processes: (i)
Process 1-2: Constant Pressure p= 1.4 bar, V= 0.028 m’, W»,=10.5kJ, (i1) Process 2-3:
Compression with PV= constant, U3=U, (ii1) Process 3-1: Constant volume, U;- U= -
26.4kJ. There are no significant changes in KE and PE. (a) Sketch the cycle on a P-V
diagram. (b) Calculate the net work for the cycle in KJ. (¢) Calculate the heat transfer
for process 1-2 (d) Show that > Qcycle = 2~ Weyele-
Sol.
Given (i) Process 1-2: Constant Pressure p= 1.4 bar, V,= (0.028 m®, W,=10.5kJ, (11)
Process 2-3: Compression with PV= constant, U3=U,, (i11) Process 3-1: Constant

volume, U;- Us=-26.4k] & AK.E. & AP.E. = 0, U;- U;=-26.4k]J.

(a) Sketch the cycle on a P-V diagram.
Fig. 3 show the cycle on the P-V Diagram.

(b) Calculate the net work for the
cycle in KJ
W= P1x(Vy-Vy) P
W= 1.4x10°%(V,-0.028) = 10.5x10°

V2=0.103 m’. 1
Process 2-3:- Isothermal Process (PV=C)

Fig. 4
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We know Wisothermal = PVln(K—2
1

So, Wy_3 = P,V,In (X—z) =P, V;ln (%)

(because P1=P> & V3;=V))

W,_3 = 1.4 x 105 x 0.103 x | (0'028
2-3 = & : ™M0.103

W2_3: -18.7klJ.

Process 3-1:- Isochoric process (V=C)

So W3_1:0.

Net Work Done= W .= W1+Wo 3+ W3 = 10.5-18.7+0 = -8.2k]

Wie= 8.2 kJ on the system. Ans

)

(¢) Calculate the heat transfer for process 1-2.
We know that Net change 1s internal energy for a cycle is zero 1.e. AUy=0.
AUcyc1e= (Uz- Up)+ (Us- Ug)+ (Up-Us) =0
Given U;- Us=-26.4kJ, & Us=U,, So (Uz- Uy)+ 0-26.4=0.
(Up-U;)=26.4klJ.
From first law of thermodynamics for a process 6Q=dE+6W
Since AK.E. & AP.E. = 0 so 6Q=dU+6W
For process 1-2:- Q,=U,-U;+W .,
Putting all the values, Q;2=26.4 + 10.5=36.9 kJ. Ans
(d) Show that Y Qcycle = 2. Weyele-
¥ Qcyete= Q12+ Qa3+Qsp. e (1) &Y Weyele = Wit Wos+Wa (i1)
We know for process 2-3:- PV=C & U= constant, dU=0
so from the first law of therm. with AK.E. & AP.E. = 0, 8Q=dU+dW=0+ W
Q,.3=W,.3= -18.7klJ.
For process 3-1:- V=C & W3_1=0,
so from the 1% law of thermo. with AK.E. & AP.E. = 0, §Q=dU+3W=dU-+0=dU
so Q3..=U,-U;s= -26.4Kk]J.
Putting all the values in equation (1) and (i1)
2 Qeyele= 36.9-18.7 -26.4=-8.2kJ............. (ii1)
Y Weyele = 10.5 - 18.7+0=-8.2kJ.............. (iv)
From eq. (iii) & (iv) > Qcyele = 2. Weycle- proved
33. 680 kg of fish at 5°C is to be frozen and stored at -12°C. the specific heat of fish above
freezing point 1s 3.182, and below freezing point 1s 1.717 kJ/kg K. The freezing point 1s
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-2°C, and the latent heat of fusion is 234.5 kJ/kg. How much heat must be removed to
cool the fish, and what percent of this is latent heat?
Sol.
Given. Mpg=680kg, T=5"C+273=278K, T;= -12°C+273=261K, Cpish belowrp= 3.182
kl/kg K, Crigh abover.p= 1.717 kI/kg K, Tpp=-2"C+273=271K & L= 234.5 kl/kg.
Heat required to remove to cool the fish = heat removed to cool fish from ¢ 1o~
20C (Qq)+ Latent heat of fish (Qjatens)t+ heat removed to cool fish from 2°C to -1 €08
(Q2).
Q1= MsignX Crish belowr.p* (Ti- Trp,) = 680x3.182x(278-271) = 15146.32 kJ
Quaten= Miish* Lgn= 680%234.5= 159460 kJ
Q1= Miish* Crish abover.p * (Trp- Tp) = 680%1.717 x(271- 261) =11675.6 kJ

S0,
Quota = 15146.32+ 159460+11675.6 = 186281.91 kJ. Ans
Qlatent _ 159460 ~ .

Qo X 100 = aeetgr X 100 = 85.6%.ans

A system of volume contains a mass m of gas at pressure P and temperature T. The
macroscopic properties of the system obey the following relationship: (P + %) -

b) = mRT where a, b and Rare constants. Obtain an expression for the displacement
work done by the system during a constant temperature expansion from volume V; to
volume V,. Calculate the work done by a system which contains 10 kg of this gas
expanding from 1m’ to 10 m’ at a temp. of 293 K. Use the values a= 15.7x10 Nm*, b=
1.07 x10-2 m®, and R=0.278 kJ/kg-K.

Sol.

Given. (P + %) (V—b) =mRT, mu=10kg, Vi=Im’, V,=10m’, T;=293K a=
15.7%x10 Nm*, b= 1.07 x10-2 m?, and R= 0.278 kJ/kg-K.

We know that work done for a closed system or non-flow work or displacement work

=[ PdV. System follows the relation (P + %) (V—b) =mRT......... (1)
% . . RT
So Wpyy = fV: Pdv....... (i), Fromeq.(i) P= h - % ........................ (iii)
.. Vo ., mRT a
From eq (ii) & (i) Wpay = fy (- — Zyav .

Upon integrating from V, toV,  Wpay = mRTIn (ZZ—_D + a,(i - i) ans.
1~ 2 1
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Putting values of all the parameters in the above eq. we get

10—1.07 1072

Weay = 10 X 0.278 x 293 x In (222

)+157x 10 (- —3)

Wpgy = 1042.138 K] ans.

Show that for a polytropic process ~ Q = Wpqytropic %

Warm air is contained in a piston cylinder assembly oriented horizontally. 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 varies linearly from an initial value of 900N to
final value of zero. Atmospheric pressure is 100 KPa and 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.

Sol.

Given. V{=0.003 m’, V1-=0.002 m®, F;=900N, F=0N, P,,,=100 kPa & A,=0.018 m”.

Applying force balance in x direction at initial condition, y F,=0.

PLA=PmA,+Fi, so  Pi=Pyu,+ Ai =100 x 10% + % — 150KkPa ans.
) .

Similarly, Ps=Pym +§f = 100,x 10° + —— = 100kPa ans.

Work Done, from fig.4 it is clear that process

will follow a straight line because spring P,
force is directly proportional to the T
displacement, thus work done will be

equal to the area under the st. line i-f. P f

P
P, + P,
W.D.:(lz—f)x(vz -V)

_ (150 + 100)

W.D X (0.003 — 0.002)

V]_ VZ
W.D.= 125] ans. "
Fig.5

A fan is to accelerate quiescent air to a velocity of 10 m/s at a rate of 4m’/s. Determine
the minimum power that must be supplied to the fan. Take density of air to be 1.18
kg/m3.

Sol.
Given. Velocity C=10m/s, Flow rate Qﬁ1m3/ S & pair=1.18 kg/m3.
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_ 1 1 1
Power required = K.E./s = EmC2 = EpairQCZ =X 1.18 x 4 x 107

So, Power required =236 J/s or W. ans

A turbine operates under steady flow conditions, receiving steam at the following state:
pressure 1.2 MPa, temperature of 188°C, enthalpy of 2785 kl/kg, velocity of 33.3 m/s
and elevation of 3 m. The steam leaves the turbine at the following state: pressure 20
kPa, enthalpy of 2523 kJ/kg, velocity of 100 m/s and elevation of 0 m. Heat is lost to
the surrounding at the rate of 0.29 kJ/s. If the rate of steam flow through turbine is 0.43
kg/s, what is the power output of the turbine in kW? Sketch the schematic diagram of
the problem.

Sol.
Given. Pi=1.2 MPa, T;=188°C+273=461K, hi=2785 kl/kg, C;=33.3 m/s, Z; = 3 m, P=20

kPa, h=2523 kl/kg, C=100 m/s, Z¢=0m, Q = 0.29? & 1 = 0.43 kg/s

Form the first law of thermodynamics for flow process,

2 . 2 .
m(hi+%+zi)+o=m(hf+%f+zf)+w .................. Q)

Putting all the parameters value in eq. (1)

3
0.43 (2785 x 103 +

39.

2

2

100 :
+ 3) +0.29 x 10% = 0.43 (2523 x 103 + F O) + W

W = 111.039 kW ans.

Air flows steadily at the rate of 0.8 kg/s through an air compressor, entering at 10 m/s
velocity, 100 kPa pressure and 1 m*/kg volume and leaving at 8 m/s, 700 kPa and 0.2
m’/kg. The internal energy of the air leaving is 100kJ/kg greater than that of the air
entering. Cooling water in the compressor jackets absorbs heat from the air at the rate
of 60kW. (1) Estimate the rate of shaft work input to the air in kW and (i1) compute the
ratio of the inlet pipe diameter to the outlet diameter.

Sol.

Given. Mass (M) = 0.8 kg/s, Velocity at inlet (C;) = 10 m/s, Pressure at inlet (P;) = 100
KPa, Specific volume at inlet (v;) = 1 m> /Kg, Velocity at outlet (Cy) = 8 m/s, Pressure
at outlet (Py) = 700 KPa, Specific volume at outlet (v¢) = 0.2 m*/Kg, Change in internal
energy (Ur— U;) = 100 KJ/Kg, Heat absorbs (Q) = 60 KW
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(i). Form the first law of thermodynamics for flow process,
: c? : ; c? ) _
(b + L+ 2) + Q= v (b + Lo 2 )W (i

We know that h=u+ Pv........ (i1)
From eq. (1) & (i1)

2 : c? .
m(u1+P[vl+%+Zl)+Q=m(uf+vaf+?f+Zf)+W .............. (111)
Putting all the values in eq. (iii)

' 102 — g2
W =08 [—100 x 103 + (100 x 103 x 1) — (700 x 103 x 0.2) + (—————)] — 60 x 103

W = —171.9856 KW ans.

Here, -’ sign indicates that the work is done on the system.

i . _ . AC; _ AfCy
(i) We know that m = p;A;C; = prAsCy  also, m = f =
d?c; _ diCs .
5 Y (1v)
From eq. (iv) we can find out % = 2 ans.
f

A domestic refrigerator is loaded with food and the door closed. During certain period
the machine consumes 1kWh of energy and the internal energy of the system drops by
5000 kJ. Find the net heat transfer for the system.
Sol.
Given, Internal Energy (U,-U;) = -5000KJ
Work Done (W) = IKWh = 1x3600 kJ = 3600 kJ
from the first law of therm. with AK.E. & AP.E. =0, Q=AU+ W
Q=(U-Up)+W
Q =-5000KkJ - 3600 kJ
So, Q=—8.6 MJ ans.
One fourth kg of a gas contained within a piston cylinder assembly undergoes a
constant pressure process at 5 bar beginning at vi= 0.20 m’/kg. For the gas as the
system, the work is -15kJ. Determine the final volume of the gas in m”.
Sol.
Given. m=0.25kg, P= Sbar = 500kPa, v;=0.20 m’/kg & W=—15kJ.
V,=?
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Vi=m x v;= (0.25kg) %(0.20m’/kg) = 0.05m’
For constant pressure process, W=P (Vo=Vi)eeiiiiiiiiiiinn (1)
Putting all the values in eq. (i)

-15= 500%(V,-0.05), s0 V= 0.02 m’ ans.

A gas within a piston cylinder assembly undergoes a thermodynamic cycle consisting
of three processes:
Process 1-2: Constant volume, V=0.028m3, U,-U;=26.4k]
Process 2-3: Expansion with PV= constant, U;=U,
Process 3—1: Constant pressure, P=1.4bar, W3_;=-10.5kJ
There are no significant changes in kinetic or potential energy
(a)Sketch the cycle on P-V diagram.
(b) Calculate the net work for the cycle in KJ.
(c) Calculate the heat transfer for process 2-3 in KJ. P
(d)Calculate the heat transfer for process 3-1 in KJ.
Sol.
Given. V| =V, =0.028 m®, U - U, =26.4 kJ,
P, Vo =P3 V3, U3 =Uy, P3=P; =140 kPa & W3, =-10.5kJ

2110Y205]

PV= Constant

Isobaric

(a) Fig. 5 depicts the cycle on P-V diagram. i Vs
ig.
(b) Since Wyee = Wiat+ Wa3 + W3y, Since Process 1-2 is constant volume process so
closed syste word done for the process will be zero. Wy, =0 kJ

Process 2-3: PV = C, Isothermal process therefore,

Vs V3
dv
W, ;= f PdVv=C v = CIn(V3/V2).
Vy V2

Wi = P3(V-V3), as process 3-1 is Isobaric (P= constant)
-10.5=140% (0.028-V3), soV3=0.103 m’
Now, Wy3=CIn V3/V, =P3V3In Vi/V,, Wy =188kl
W3,=-10.5k]
Weyee = Wiz + Wo 3 + W3 = 8.28 kJ ans.
(c) Ist Law for process 2-3:  Qs3=U; - Uyt Wo3 =0+ Wy,
So W3 =0Q,3=18.8 kJ ans.
(d) 1st Law for process 3-1: Qi =U; - Us + Wy
But, U; = U3, Q3.1 - W3, =U; -Us =U; - U, = (U; - Uy)
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44,

45.
46.

47.

48.
49.

50.

51.

53.

54.

Q3.1 =W3, - (Uz - Uy), so Q3.1 =-36.9 kJ ans.
The drive shaft of a building’s air handling fan is turned at 300 rpm by a belt running
on a 0.3 m diameter pulley. The Net force applied by the belt on the pulley 1s 2000 N.
Determine the torque applied by the belt on the pulley in Nm and power transmitted in
kW.
Sol.
Given. N=300 rpm, dpy,=0.3 m, F=2000N.

d
We know torque T = F x 22 = 2000 x == = 300 Nm ans.

2mNT _ 2ZXmx300x300
60

Power transmitted P = = 9,42 KW ans.

The pressure, temperature and velocity of air flowing in a pipe are 5 bar, 500 K and 50
m/s, respectively. The specific heats of air at constant pressure and at constant volume
are C, = 1.005 kJ/kg K and C, = 0.718 kl/kg K respectively. Neglect change in the
potential energy of the air flowing. If the pressure and temperature of the surrounding
are | bar, and 300 K respectively, what 1s the available energy in kJ/kg of the air steam.
State and prove the inequality of clausius.

Find the maximum work obtainable from a finite body and TER (thermal energy
reservoir).

Explain the kelvin- plank’s and clausius statement of second law. And proof how both
are equivalent to each other.

What is a PMM2? Why it is not possible?

Explain the Carnot Cycle of heat engine. What are the different processes involved?
Also define engine efficiency.

A refrigeration plant for a food store operates as a reversed Carnot heat engine cycle.
The store is to be maintained at a temperature of -5°C and the heat transfer from the
store to the cycle is at rate of 5kW. If heat is transferred from the cycle to the
atmosphere at a temperature of 25 °C, Calculate the power required to drive the plant.
Show that maximum work obtainable if two bodies are allowed to exchange heat via
reversible heat engine is Wmax = (\T1 -\T2).

A Carnot cycle is having an efficiency of 0.75. If the temperature of the high
temperature reservoir 1s 727°C what is the temperature of low temperature reservoir?

A solar collector receiving solar radiation at the rate of 0.6 kW/ m? transforms it to the

internal energy of a fluid at an overall efficiency of 50%. The fluid heated to 250 K 1s
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used to run a heat engine which rejects heat at 315 K. If the heat engine 1s to deliver 2.5
kW power, what 1s the minimum area of the solar collector required?

An inventor claims that his petrol engine operating between temperatures of 2000°C
and 600°C will produce 1 kWh consuming 150g of petrol having 45000 kJ/kg calorific
value. Check the validity of the claim.

Sol.

Given. T;=2000°C+273=2273K, T,=600°C+273=873 K,
Wop,=1kWh=3600kJ, m~150g & C.V. = 45000 kl/kg.

According to the Carnot’s Principle the efficiency of an

actual heat engine can never be more than the ot
efficiency of reversible heat engine operating between the
same thermal reservoirs.
Nmax= 1 — T1/T>
=1-873/2273
=61.59% or 0.6159 Fig. 7
Also, Qv =0.150*45000KJ = 6750KJ
Wor = 3600KJ, Nactual = Worpx100/Qn = 53.33% or 0.5353
Since actual efficiency is less than the maximum obtainable efficiency. Hence the
inventor’s claim is feasible.
Two reversible engines take 2400 kJ per minute from a reservoir at 750 K and develops
400 kJ of work per minute when executing complete cycles. The engines reject heat
two reservoirs at 650 K and 550 K. Find the heat rejected to each sink.
Sol. 750 K
QA+ Q=2400KJ.................. (1)
Woet = Wi+ Wg = 400K . ”
Q’a+ Qs =(2400 —400) = 2000KJ
So QA+ Q’s=2000KIJ............. (ii) y ‘ P
For engine A, s = 1 — QA2/QA = 1 — 650/ 750 | B = E
Qa = 1.1539Q" O W, " w,
For engine B, ng = 1 — Q’s/Qp = 1 — 550/750 T
Qs = 1.3636Q"% @ a
Putting the values of Q2&Qg in eq. (1)
650 K 550 K

Fig. 8
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58.

59,

1.1539Q°A + 1.3636Q 5= 2400KJ .........ccceinn.n. (1i1)

from eq. (111) & (11)

We have Q’5 = 1560.36KJ &Q’g = 439.67KJ ans.

Hence , heat rejections in 650K & 550K sink are 1560.32KJ & 439067KJ respectively.
A reversible engine operates between temperatures Ty, and T,, The energy rejected by
this engine is received by a second reversible engine at temperature T, and rejected to a

reservoir at temperature Ts. If the efficiencies of the engines are same then what is the

relationship between T, T, and T5?

Sol.

Given mMa=ns
For reversible engine A, na=1—T»/T)

For reversible engine B, ng =1 — T3/T>

Since na =1g

So, 1 - T1/T2=1-T,/T;

Tz = Tl T3 . AllS

Q.

Ts

Fig. 9
One reversible heat engine operates between 1600 K and T, K, and another reversible

heat engine operates between T, K and 400 K. If both the engines have the same heat
input and output, then find out the temperature T, in K.

Sol.

Since both the engines are reversible & having same heat input (Q;,) and output (W)
so their efficiency will be equal as =W,/ Qia

For engine working between 1600K & T>K thermal reservoirs, Ny =1 — T2/1600

For engine working between T;K & 400K thermal reservoirs, ng= 1 — 400/T>

Since na =1, SoTy= \/(1600><4()0) =800 K ans.

5 kg of air is compressed in a reversible polytrophic process from 1 bar and 40°C to 10
bar with an index of compression 1.25. Calculate the entropy change during the

process.
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Sol.
Given mg;=5 kg, P,=I bar, P,= 10 bar, T|= 40°C+273=313K & n=1.25.
Cp.ir=1.005 kJ/kg K, R,;=0.287 kJ/kg K.

Since air is an ideal gas so change in entropy for an idea gas,

T. P. .
S, — S = Myr {CplnT—i -R lnP—i} ..................... (i)
) T, p, 1 s
For polytropic process ==(3) 1 (11)
T, Py

From eq. (i1) T>=496.07K
Putting all the values of the parameters in eq. (1)
S2-S1=-0.9901KJ/K ans.
60. An inventor claims to have developed a power cycle operating between hot and cold
reservoirs at 2000K and 500K, that develops net work equal to a multiple of the amount

of energy Qc rejected to the cold reservoir (i.e. Weycle = NQ¢ ). What is the maximum

theoretical value of the number N for any such cycle? 2000K
Sol.

We know that the maximum amount of work output is obtainable

From reversible engine.

TNrev = 1 —500/2000 = Wicyae/Qin -2y -e 3+ oo (i)
Qin=Weyele + Qc = Weyele Tt Weyele/ N [We =N Qc]
On solving

We/Qin = N/NFL) .o (ii)

From eq. (1) & (i1) we have 500K

N 500

N+1 " 2000 Fig. 10

Solving for N we have N=3 ans.

62. Data for two reversible refrigeration cycle is given below: Cycle 1: Ty = 25°C, T¢ = -
lOOC, Cycle 2: Ty = 250C, Te = -25°C Where Ty and Tc are the temperature of hot and
cold reservoirs respectively. Determine the ratio of net work input values of the two
cycles if the same amount of heat energy is removed from the cold reservoir by each
refrigerator.

Sol.
For cycle 1
COP; =Q/W| =Tc/(Ty-Tc) = (-10+273)/ (25+10), so W =(35/263)Q ............ (1)
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For cycle 2
COP, = Q/'W;, = Te/(Ty-Te) = (-25+273)/(25+25), s0 W, =(50/248)Q ............ (i1)
From eq. (1) & (i1) we have

W,/W; =0.66 ans.
A series combination of two Carnot’s engines operates between the temperature of
180°C and 20°C. If the engines produces equal amount of work then what will be the
intermediate temperature?
Sol.
Given. T1=180°C, T;=20°C & W,=Wjp.

1 _Wop — _ .
ma=1 ™= o ,soWo/p—le(l Tl) .............. (1)
T, W, T. .
Mg =1-1 =22 50 Wy = Qp ( —é) (i)
From eq. (1) & (i1)
@x(i-7)=ex(1-7)
1 T, 2 T,
T3
Q1 _( _T_z)
%= (1_%) ................... (i11)
But we know that for Carnot’s engine % = % ...... (iv)
2 2
From eq. (ii1) & (1v) upon simplifying.
Intermediate temp. T, = # ans

Fig. 11

The coefficient of performance of a refrigeration cycle is 70% of the value for a
reversible refrigeration cycle. The temperatures of hot and cold reservoirs are 35°C and
-4°C, respectively. Determine the power input per kW of cooling required in both the
cycles (reversible and irreversible).

Sol.

Given. Typ=35°C+273=308 K, Tc=-4"C+273=269K, Qc=1 kW & COPj = 0.7x
COP ey

For reversible cycle , COP,.y. = (-4+273)/(35-(-4)) = 269/39 = Qc/(Wisp)rev
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Since Qc = 1IKW

Hence, (Wip)rev=(1%39)/269 = 0.145 kW ans.
Now for irreversible cycle

COPjirey = 0.70 xCOP,,=0.70%269/39 = 4.828.

COPirev = Qc/ (Wipp)irrevs Since Qc = 1kW

Hence, (Wip)irrey =1/4.828 = 0.207kW ans.

A reversible heat engine operates between two reservoirs at temp. 900K and 400K. The

engine drives a reversible refrigerator which operates between 400K and 250K. The

heat transfer to the heat engine is 2000kJ and net work output of combined engine

refrigerator plant is 400kJ.

a) Evaluate the heat transfer to the refrigerator and net heat transfer to the reservoir at
400K.

b) If the efficiency of the heat engine and the COP of refrigerator are each 60% of
their maximum possible value, evaluate the heat transfer to the refrigerator and the
net heat transfer to the reservoir at 400K.

Sol.
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66. A system consists of a power cycle driving a heat pump. At steady state the power
cycle receives Qg by heat transfer at TS temp and delivers Q, to a dwelling at T4 temp.

The heat pump receives Qo from outdoors at T and rejects Qs to the same dwelling at
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Td temp. Obtain an expression for the maximum (Q;+Q:)/Qs in terms of the temp ratios

Ts/Tq and Ty/Ty.
Sol.
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67. A system executes a power cycle, receiving 1690 kJ by heat transfer at a temp of 1390
K & discharging 211 kJ by heat transfer at 278 K. A heat transfer from the system also
occurs at a temp of 833 K. There are no other heat transfers. If no irreversibility is
present determine the thermal efficiency and net work transfer.

Sol.
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A reversible power cycle receives energy Qp from a reservoir at temp Ty and rejects Qc
to a reservoir at temp Tc. The work developed by the power cycle is used to drive a
reversible heat pump that removes energy Q’c from a reservoir at temp T ¢ and rejects
energy Q’y to a reservoir at temp Ty. (a) Develop an expression for the ratio of Q' y/Qy
in terms of the temperatures of four reservoirs, (b) what must be the relationship of the
temperatures Ty, Te, T'c and T’y for Q w/Qu to exceed a value of unity.

Sol.




Darbhanga College of Engineering

Department of Mechanical Engineering
Mechanical Engineering

(o) . e Lo

R .1““, —"T‘C/

i : .
W= _Bc LTJHV”T'\CB
: C
ol i B b
&\c_- '/ﬂ\q.w ) P |

/______._

‘Tc, ‘

AN = : @u (1‘“ ;r‘cj fé)

\

’E{Wuhvg eg C!D &O WLM’ |

)RRl
8, (Tu, T d 2 Su Mty At)

3 Tp,/”\{&"’ﬁx ?C—'\"q:”;/ r"”f‘
-TH’TJC’<¢H [
> m @

69. Consider an engine in outer space which operates on carnot cycle. The only way in

which the heat can be transferred from the engine is by radiation. The rate at which heat

1s radiated 1s proportional to the fourth power of the absolute temperature and to the
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area of radiating surface. Show that for a given power output and a given T;_the area of

the radiator will be minimum when :—2 = ;
1
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70.

71.

72.

73.

74.

75.

76.

State whether statements are True or False.

(a) Internal energy of an ideal gas is a function of temperature and volume.

(b) The entropy of fixed amount of ideal gas increases in every isothermal
compression.

(¢) The specific volume of water when heated from 0°C, first increases then decreases.

(d) The latent heat of vaporization increases with increase in pressure of water.

(e) State of the wet vapor cannot be specified only by pressure and dryness fraction.

Sol. (a) False, (b) False, (¢) False, (d) False, (¢) False.

A rigid tank contains 50 kg of saturated liquid water at 90°C. Determine the pressure in

the tank and the volume of the tank.

Sol.

Given. m=50 kg, temp= 90°C.

From saturated steam table, At temp = 900C, Saturation pressure P = 70.18 kPa, and

specific Vol. vi=0.00103594 m’*/kg.

So volume of the tank (V) = m;x vi= 50 kg x 0.00103594 m3/kg =0.051797 m® ans.

A piston —cylinder device contains 0.06m” of saturated water vapor at 350 kPa pressure.

Determine the temperature and mass of the vapor inside the cylinder.

Sol.

Given. V,=0.06 m’, P= 350 kPa.

From saturated steam table, Sat. temp corresponding to pressure 350 kPa, Ty =

138.8"C.

Sp. Volume of sat. vapour v,=0.524 m’/kg.

Mass of the sat. vapour my= V,/ v,= 0.06/0.524= 0.1145 kg. ans

Show that efficiency of all reversible heat engines operating between the same

temperature levels is the same.

The latent heat of vaporization with increase in pressure of water:

(a) Increases, (b) Remains constant (c) Decreases (d) None of the above

Why do constant temperature lines on Mollier diagram become parallel to abscissa in

the superheated region at low pressure?

Prove that in T-S diagram slope of constant pressure line 1s less than that of constant

volume line.
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77.

78.

T9.
80.

81.
93.
94.

95.

96.

o7.

98.

99.

100.

101.
102.
103.

Why slope of saturated liquid curve is steeper than the saturated vapour curve on P-V

diagram? Explain.

What do understand by Critical point and Triple point of water?

Why triple point is a point only in P-T Plot and a line in all other plots? Explain.

Write short note on.

(a) Superheated vapour. (b) Dryness fraction, (c) Saturation Temperature, (d) Degree
of sub cooling, (e) Degree of Superheating, (f) Sub cooled liquid.

Derive the efficiency of a Carnot cycle with the help of P-V diagram.

Derive the efficiency of a Carnot cycle with the help of T-S diagram.

State whether statements are True or False.

a) Heat addition in an otto cycle takes place at constant volume.

b) Compression ratio of diesel engine is higher than the petrol engine.

¢) Standard cycle for the steam power plant is Rankine cycle.

d) Efficiency of an ideal Brayton cycle increases with increase in pressure ratio.

Sol. (a) True, (b) True, (c) True, (d) True.

Drive the expression for the efficiency of Diesel Cycle with the help of P-V and T-S

diagram.

Drive the expression for the efficiency of Otto Cycle with the help of P-V and T-S

diagram.

Drive the expression for the efficiency of Brayton Cycle with the help of P-V and T-S

diagram.

Derive the both Tds equations and explain whether any assumption is required for using

Tds equations.

What are the different Air Standard assumptions considered for the analysis of air

standard cycles.

Explain the different processes involved in Rankine cycle also draw schematic diagram

of cycle depicting different components.

What do you understand by Mean Effective Pressure? Explain.

Explain the working of a 4-storke petrol engines with the help of schematic diagram.

What are the different processes involved in otto and diesel cycles explain with the help

of P-V and T-S plot of the cycles.
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104. In case of a dual cycle heat addition at constant volume 1s done before the heat addition
at constant pressure. Why?

105. An Otto cycle with compression ratio of CR = 9:1. The intake air is at 100 kPa = 1 bar,
20°C, and the volume of the chamber is 500 cm?® prior to the compression stroke. The
temperature at the end of adiabatic expansion is T4 = 800 K. ¢, = 1.01 klJ/kgK, c, =
0.718 kl/kgK, y= ¢,/cy =1.4. Calculate:

a) the mass of intake air

b) the temperature T3

c¢) the pressure p3

d) the amount of heat added by burning of fuel-air mixture
e) the thermal efficiency of this cycle

f) the MEP

107. An ideal air-standard Otto cycle engine has a compression ratio of 8. At the beginning

of the compression process, the working fluid is at 100 kPa, 27°C (300 K), and 800
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kJ/kg heat 1s supplied during the constant volume heat addition process. Neatly sketch
the pressure-volume [ P-v] diagram for this cycle, and using Cv=0.717 kJ/kg.K, and y =
1.4, determine:

a) the temperature and pressure of the air at the end of each process

b) the net work output/cycle kl/kg

c) the thermal efficiency n, of this engine cycle.

108. In an air standard Otto cycle, the compression ratio is 7 and the compression begins at
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35°C and 0.1 MPa. The maximum temperature of the cycle is 1100°C. Find (a) the
temperature and the pressure at various points in the cycle, (b) the heat supplied per kg
of air, (c) work done per kg of air, (d) the cycle efficiency and (e) the MEP of the cycle.
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109. In a Diesel cycle, the compression ratio is 15. Compression begins at 0.1 MPa, 40°C.
The heat added is 1.675 MJ/kg. Find (a) the maximum temperature in the cycle, (b)
work done per kg of air (c) the cycle efficiency (d) the temperature at the end of the
isentropic expansion (e) the cut-off ratio and (f) the MEP of the cycle.
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110. A diesel engine has a compression ratio of 20:1 with an inlet of 95 kPa, 290 K, with
volume (.5 L. The maximum cycle temperature is 1800 K. Find the maximum pressure,

the net specific work and the thermal efficiency.

111. In a Brayton cycle based power plant, the air at the inlet is at 27°C, 0.1 MPa. The
pressure ratio is 6.25 and the maximum temperature is 800 C. Find (a) the compressor
work per kg of air (b) the turbine work per kg or air (c) the heat supplied per kg of air,
and (d) the cycle efficiency.
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112. A large stationary Brayton cycle gas-turbine power plant delivers a power output of 100
MW to an electric generator. The minimum temperature in the cycle is 300 K, and the
maximum temperature is 1600 K. The minimum pressure in the cycle is 100 kPa, and
the compressor pressure ratio is 14 to 1. Calculate the power output of the turbine.
What fraction of the turbine output is required to drive the compressor? What is the

thermal efficiency of the cycle?




