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Thermodynamics

0 Al T as during th
e et 45 k] of heat from the g g
reisa :

If the £
process. { the gas: - heoa
in the internal enefBy © ™" 45 k] ¥

=20 x 10° Nm

equatiol‘l, Q2= Wip * ad
20 + du; dU ==25k]
5 k] during the

From non-flow energy
- 0.

: 2
The internal energy of the gas decreases by

MPLE 5.13 — —
E\X:I\osed system having a mass of 50 kg has an initial velocity of

velocity increases to 30 m/s and its elevation also rises by 40 m. Du
receives 30000 ] of heat and 4500 J of work. If the system del
energy, make calculations for a change in the internal energy
Solution : APE = mg(h, - h;) = 50 x 9.81 x 40 =

AKE = %m(V,_Z—V{’-) = %xsox(sbz'— |

Q,_, =+ 30000 J (+ve sign because heat
W,_, = work delivered - work received
0.002 x 1000 x 3600 - 4500 = 2!
From non-flow energy equation: Qi,=W,,+4dE
The energy E includes the internal energy U, the kinetic e
_ ~ Qi =W, +dU + AKE + APE

30000 = 2700 + dU + 20000 + 1962
Then, change in internal energy, -

dU = 30000 - 2700 - 20000 - 196
S he system decreases by 12320] d
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B s First Law of Thermodynamics
_ Y

From first law of thermodynamics (non-flow energy equation)
« 8]
hL_) — hI'\-I+ “"[}, [\-lL) = - ]hl,-’-,"h + ]2_—‘:*44 qﬁ k'

Gince this is negative, heat flows from the system (work piece)
oYt iece).

EXAMPLE 5.15
The work output and heat input involved by a s P
fesP““"e'¥' Another process B between the s:;me e)::ecr::n::initrcrsgiftsv;\lvzeazﬁe:t]'2ndt15f ]1([’)
KJ. Determ.lfle the cl*.lange in internal energy involved and also the work done inl f;cg(: B
Show that if a cycle is formed using processes A and B, the given data is consistenI: w'thsth ;
first law. ’ i e
Solution: For process 1 - A -2 p

'

SW =20 k] and 8Q = 15 k] 1
From non-flow energy equation g
n‘U=U2—U.i=6Q—8W:15—20=—5kJ % 1
.

The negative sign implies that the internal energy of the system
has decreased. : x
For process 1 - B - 2: :
dQ =10 kJ;
du = U, - U, = - 5 kJ as calculated above PR ey
SW=080-dU=10-(-5)=15K Fig. 5.5.

When the cycle is formed by the processes A and B
§6Q =0y az * Do P5-10=0K
fow

It is to be noted that : Qogly Tz Qy_p-> and

Wo.g.1 =7 Wi g
Since §5Q = §5W, the data confirms to the first law of ther

LV‘I—A-—Z + W?-B—l == 20 i (—’15) = 5 k]

]

modynamics.

EXAMPLE 5.16
A mixture of powdered co

in an insulated rigid vesse
causes a rise in both pressure and temperature;

550 K. Evaluate the increase in energy of the system compri
(b) Upon removal of insulation, a heat transfer of 50 k] of
drop to the initial value of 300 K. What will be the decrease in energy

‘the process?

() If the initial energy

Process (a) and process (b).

Solution: The vessel is rigid; t
_, = 0. Further, the system is insul

equation,

ure and 300 K temperature is contained ;
gnited, heat energy is liberated which
the temperature attains a value of
sing the vessel and the contents.

f heat causes the temperature to
of the system during

al and air at 10 bar press
l. When the mixture is i

of the system is 30 kJ, write down the energy values after the

change in the volume of the system and therefore,
herp CHEE B = 0. Then from non-flow energy

ated and ac_:cordinsl}’ Q2

Pokgtl & dU=0
ure of the system, there will

Q.2 = Wyg + e
of the system gets chan

Y t
~ Even though there has been rise in both pressureé and .tempera
change in energy. All that happens is that the chemical energy
Bl coacuy

RN~ A =50 2 R
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Thermodynamlcs
112 e .
| . R .
' oy =50 K]
.. Decrease 1n energy A o vl

i e
insulation is provi .
. final energy = initial energy = 30 kJ

! = - k]. That is
: i removed; dE 50
When insulation 1 o E1 o 52 g A

2
) Ez=-20kl

(€

EXAMPLE 517 _ -
A combustible mixture isenclosed ina 10 cm diameter vertical cyl;

piston. The piston exerts a constant pressure of 300 kPa upo.n.t.ltfe.;___
The upper surface of the piston 15 exposed to the atmosp}lere. A
the combustion products make the piston move outwards in q
flows to the surroundings. After completion of the reaction
been reduced to the initial temperature of 300 K, it is founc
distance of 8 cm and the magnitude of heat transfer to the
calculations for the work done and change in energy of the
Solution: Work done under constant pressure conditions,

Wy, = [pav = 300x10° x

I. u 1

=188.4 Nm (or J) = 0.

Since this is positive, work is done by the system.
From non-flow energy equation, | i

' ' Qo =W, +dl; -4=

Heat interaction has been taken negative as it fl,
dU =-4-01884 = - 4.

- Decrease in energy of the sy-sj;‘eni =4lm
EXAMPLE 5.1 -

The relationship between
expression: |

pressure m
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. AT L
modynamic cycle consisting of

EXAMPLE 5.20 .
o k transferred in each process are as.u__f
Heat transfer in kJ/min

A closed sy

processes. The heat and wor

Process P
i 30,000 K
ot - 3,000 s
4:1 - 9,000

onsistent with the first law of thern

Show that the data is ¢
evaluate the net work outpu

energy for each process.

t in kW, thermal efficiency of the cycl

§5Q — 0 + 30000 ~ 3000 - 9000 = 18000

Solution :

§ow = - 10500 + 0 + 30000 - 1500 = 18(
Since §3Q = §6W, the data is in accordance with the first '

1800
(b) Network output = 18000 k]/min = Wq =300 kJ/s = 3

(c) The ratio of net work done by system to the heat supplied i
Therefore, AICC K

18000
Thermal efficiency = 30000 = 0:6 or 60%.

(d) Changes in internal energy for e
flow energy equation, gy for each of the process cags

80 =8W + dU
Process1-2: dU =8Q - §W =0 - (- 10500) :
Process 2—3 :  dl1 = 30000 - ¢ = 30000 k]/lnin‘ ._
Process 3—4 :  qu = - 3000 - 30000 = - 3 00 1
Process4—1: 4y =_ 9000 - ( - 1500) = |

For the comp]
Plete cycle ddul = 10500 +
3 g
We see that for the § 0000 - 33

=,
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(itf) Change in internal energy,
du = U,

n=1
S | 2L 340(0'
Ti [_Vz] 198 0.015

molar specific heat _ 25 Ry
€y ©  molecular mass Al

Rmole

RS molecular mass

- U, = mc, (Ta = T,)

]'1.214 =R

—— _311_/1__1x105x0.1=_@
~ Mass of gas, M = pp. = 188.95x 340

. dU =0.1556 x 0.5682 ( 510

(iv) Heat interaction Q; , =W _2 * au

ve sign implies that heat has been rej
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