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Assuming perfect gas behaviour:
PV = mRT

200 x 10° x 1.17 = 1.5 x R x 300
R =520 J/kgK

dhibim = 20
M

hence M = Ro/R = 8314.3/520 = 15.99

The nearest gas with

The small difference may be attributed to measurements errors.
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b) muitial mass is: m, = N 5 0 =0.722 kg

2077 x 400
~.mass pumped out = m, - m, = 0.704 kg

since m3 = m?2. then

_ 0.018x 2077 x 283
6

=1763 Pa




‘ iww
will never excaed mm kPa (gauge) He starts the trlp with a pressure of 200 kPa (gaua" ‘
temperature of 23°C in the tyres. During the long drive the temperature of the air in the tyreﬁ
reaches 83°C. Each tyre contamns 0.11 kg of air. Determine:

a) the mass of air escaping each tyre,
b) the pressure of the air inside the tyre when the temperature returns to 23°C.
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R

_ 011 kg

| R % 087 x (273 +03)

| 0.11x287 x 296
200x10°

I |
Il

= 0.04672m’

Wi = Ny = constant
PV = my Ry
220 10" x 0.04672 = my x 287 x (273 + 83)

my = 0.1006 kg

7‘ o \‘l ;]][(i Ry tll:\

ety 01006 X287 % 2596

o = 183 KFa
V, 0.04672




reaches 350 °C; when the inlet condition 1s 1 bar, 27°C.

~ Calculate the highest compression ratio possible in order to avoif self ignition. if the compn
1s according to

a) adiabatic, with index of 1.4; and
b) polytropic, with index of 1.3

Solution:

Pressure




d as follows:

T ey ,
A J l ot i
(Rl i J il
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| Engineering Thermodynamics 2. Thermodynamics working fluids
WI .
and when n = 1.3, the volume rat1o 15 :
e 2R a0 94 273
_1_={__2_| U i saubaliud T T
Vz ! Tl J \ 27 e 273 /




b) when ifisma pure vapour state

c) 20% moisture content
d) 20% dry.
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500 151 .86 0.00109 0.3749 640.23 2,149

Solution:

From Steam Table:- v,=0.00109 m’/kgand v, = 03749 m'/kg

a) when pure hiquud

v=0.00109 m’/kg
V=2x000109 = 0.00218 n?®

b) when it is saturated vapour
v, = 0.3749 m’/kg
V=2x03749=07498 m’
c) The steam is obviously in its wet phase. X=08

Av  =(1-x)ve+xve=02x000109 + 0.8 x 0.3749=0.2785 m’/ke
¥ 0x07785-055Tm

d) The steam is obviously in its wet phase. X=0.2

=(1 —x) v+xv,=08x 000109 +02x0.3749= 0.0758 msflcg

-V =2x00758=0152m’
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‘ consxdera closed system where there is no flow into or out of the system, and the fluid mass
remains constant. For such system, the first law statement is known as the Non-Flow Energy
Equation, or NFEE abbreviated, it can be summerised as follows-

AU=Q-W (25)

The first law makes use of the key concepts of internal energy (AU), heat (Q), and system work (W).

3.2.2 Internal Energy

Internal energy 1s defined as the energy associated with the random. disordered motion of
molecules. It 15 separated in scale from the macroscopic ordered energy associated with moving
objects; 1t refers to the mnvisible microscopic energy on the atomic and molecular scale. For
example, a room temperature glass of water sitting on a table has no apparent energy, either
potential or kinetic . But on the microscopic scale it is a seething mass of high speed molecules
 traveling at hundreds of meters per second. If the water were tossed across the room. this

i microscopic energy would not necessarily be changed when we superimpose an ordered large scale

. motion on the water as a whole.



: béciﬁc Heat

Heat may be defined as energy in transit from a high temperature object to a lower tem
object. An object does not possess "heat"; the appropriate term for the MICTOSCOpIC energy
object 1s mternal energy. The internal energy may be increased by transferring energy to the
from a higher temperature (hotter) object - this is properly called heating.

In order to heat or cool a given quantity of a gas mn a given time, the following equation is used:
Quantity of Heat (Q)= mass(m) x specific heat capacity(C ) x temperature difference
Since this heat exchange may take place

Either at constant pressure: g=mCp(T,-T)

Or at constant volume: = mCy(T,-T,)

Cp specific heat at constant pressure (kJ/kg K), see Table 3.2
By specific heat at constant volume (kl/kg K) , see Table 3.2

te that for a perfect gas Cp=Cv+R and n=Cp/Cv
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it follows that
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systems 1s known as the Steady Flow Energy Equatlon (SFEE) -
Q-W = (AH + AKE + APE)

—m[(h )+ 0 ¥+ g(zz—zl)]

‘ ~ Variable
Heat transfer
Work transfer
Mass flow rate
Specific enthalpy

Velocity
Gravitational acceleration

Elevation above datum




: , if the SFEE is applied between sections 1 and 2 :

Q- W=m (Ah = Ake + APe)

Q=0 Assuming adiabatic




At 0 K, there 1s no thermal motion, and 1f the crystal 1s perfect, there will be no disorder

Once the temperature begins to rise above 0, the particles begin to move and entropy
gradually increases as the average kinetic energy of the particles increases.

When temperature reaches the melting point of the substance (T), there is an abrupt
increase in entropy as the substance changes from a solid to a more disordered hiqud.

Again the entropy increases gradually as the motion of the particles increases until the temperature

reaches the boiling point of the substance (Ty). At this point, there is another drastic increase in
entropy as the substance changes from a confined liquid particles to radom motion das particles.




PV & const

1l
Relation

Change

MVi= P Vs

Internal [\}
Energy AU mCy(Ty-Th) mC(Ty T ) mao mCy (T2 -T1) mC, (T;-T1)
i PVL -PV,
PV In V2~ RV, - BV, (r-1
Work POV V1 ) 1 (n-1)
Transfer 1 il 1 Or mR(T, - T,
=| pdv WAl R f . T
e mR(Ta T ) mRT In l—/~3 mR(T) - T, (r M
v il
n-—1)
: mCy (T1 -T2)
....................... 7
Heat PV 1n -i";:"
Transfer 1
I Or
Q mC, (T, -T>) mC, (T) ~Ts v, W+ (U,-Uy) 0
mRT 10w
V

!

———— o




s

Clo—+# C ln—=
n A

Table 3.3: Perfect Gas Process-Relation



a) Usmng an average value of the specific heat. I
b) Taking into account the variation of specific heat with temperature.

- Solution:
a) AU=mC AT

_ 764+ 718

)

Cv — 741J 1 kgK

E PV 345x10°x1
RT  287x293

= 4.1026 kg




= 764 x 600 — 718 x 293

=248 319 J/kg

PV  345x10°x1
m - ]

= 4.1026kg
RT  287x293

Therefore,

AU=mxAu=1018.7 kJ



steam are produced, determine -

a) the heat supplied in the boiler.
b) the efficiency of the boiler.

Assume the values of enthalpies at the two state points as :

hy = heaao’c = 169.33 kI/kg at 2 MPa , 500 C, hy = 34676 kl/kg
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a) Constant pressure process.
hy = hgaao'c = 169.33 kl/kg hy = 3467 .6 kl/kg
SFEE ignoring W, Ake and APe:
Qs =m, (hy-h;) =45000 (3467.6 - 169.33) — 1484 x 10%J
b) The heat generated by bumning o1l in the furnace 18
— mass of oil burned x calorific value
_ 4000 x 42000 = 1.68 x 10°kJ :

N rgy Output  1.484x10°
- Boiler efficiency = Enengy U ———————=88%
Energy Input 1.68x10




