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THERMODYNAMIC SYSTEM :

The region in the space that contamed matter whose behaviour is to be

investigated is called thermodynamic system and will be referred to simply
as the system, _

1.2

Thermal efficiency of a cycle may be defined as the ratio of the work done to thé heat
supplied during the cycle, The thermal efficiency obtained with air as the working fluid is
known as air standard efficiency. . .. e o

Fe gy vy

L3

Relative Efficiency (1) :

It is the ratio of actual efficiency' obtained from the engine to the theoretical or
air standard efficiency of that engine.

L. Thn
Tair std

Mg

1.4

i Dryness Fraction :

This term refers to quality of wet steam. It is defined as the ratio of the
weight of dry steam actually presents to the weight of total wet steam
which contains it. It is denoted by x. Thus

_ W
W +W

Where W, = Weight of dry steam in 1 kg of wet steam,

W = Weight of water in suspension in 1 kg of wet steam

LS

For driving air motors, for use in blast furnace, for use in pneumatic drills, for
use in gas turbines, for scavenging and super charging I C engines, for spray
painting, For RAC applications, for pneumatic brakes in automobiles etc

0.5x4=2

10
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I1.1

FIRST LAW OF THERMODYNAMICS :

First law of thermodynamics (Joule's law of thermo-dynamics) is the
special case of law of conservation of energy applied to thermodynamic
transaction. The thermodynamic transactions are described in terms of

heat and work.

The first law conhrms that heat and work are mutually convertible, and
the creation of energy from nothing cannot be achieved.

First law of thermodynamics may be expressed as follows.

If a system is operated through a closed cycle, then the net heat transfer
is directly proportional to the net work transfer. Mathematically, it may
be expressed with cyclic mtegrals as

daQa Jaw " et

daq =_qdw, R O Sl
Where J = Proportlonality constant j: SR 3 :
if fde 1 Joules, then cde lNrn | | l :- ﬂa
Since 1 Nm = 1 joules, the constagt s unity, = i
* The law may i;e‘gi_ﬁpfef'“d. as cfdQ Ecjdw .
Net heat transfer i

AT g ) : 3

Net work transfe: ;

Where ¢dQ
_ i

S=Emer
Evtfpé»urﬁon— Mty D"q”frf"DJ— 8 roqvis.

6 h’)-a.n’ka
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I1.2

S. I. Engine (or) Petrol Engine

C. 1. Engine (or) Diesel Engine

10.

El.

Charge comprises air and fuel
which is admitted into cylinder
during suction stroke.

| Carburettor is used to-supply the

charge.

Spark-plug is used to ignite the
‘charge. :

Compression ratio varies from
6:1t09:1.

Tt works on Otto cycle (constant
volume cycle).

Initial cost is less but maintenance
is costly.

For a given output, it is lighter
in weight.

Easy and quick starting.

Engine is almost vibration free at
idle or slow speeds.

Lighter flywheel is reqﬁires as
fluctuation of speed is minimum.

Thermal Efficiency is less (about
26%) '

12. | Output is controlled by a throttle

13.

valve which regulates mass of
charge.

Generally uséd for light duty such
as scooters, motor.cycles, sprayers,
cars efc. '

Charge comprises only air.

Fuel injector injects fuel oil as a spray
into compressed air.

Due to very high compression of air,

* fuel gets automatically ignited.

Compression ratio is high and varies
from12:1t022: 1.

It works on Diesel cycle (modified
constant pressure cycle).

Initial cost is high and maintenance
is cheap. 7
Due to high C.R engine is heavier.

Starting is not so quick.

Engine vibrates considerably.
Heavier flywheel is essential.
Thermal Efficiency is high {about 40%)

Output is controlled by regulating
supply of oil injected. '

Used in‘ heavy d_uty vehicles sucﬁ
as buses, trucks, tractors etc.

= 6#3:#9

(72"’2

Six  Jwm Each

L
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IL3

because semi-diesel engines work on this cycle. In this cycle, heat is absorbed partly at a constant

volume and partly at a constant pressure.
The ideal dual combustion cycle consists of two reversible adiabatic or isentropic , two
CSE JIOCESSes At represented on p-v and T-S

constant volume and a constant pressure processes. Th
diagram as shown in Fig. 6.15 (a) and (b).

(a) p-v diagram. ; :
, : Fig. 6.15. Dual combustion cycle.

Letthe engine cylinder* contain m kgof airatpoint 1. Atthis point, letp,, T, and v, be the pressure,
temperature and volume of the air. Following are the five stages of an ideal dual combustion cycle.

\. First stage (Constant pressure heating). The air is heated at constant pressure from initial

temperature T, to a temperature T, represented by the curve 1-2 in Fig. 6.15 (a) and (b)-
b Uy BeSt | Gia =m0 .
2. Second stage (Reversible adiabatic or isentropic expansion). The air is expanded reversibly

and adiabatically from temperature T, to a temperature. T, as shown by the curve 2-3 in Fig. 6.15(a)
and (b). In this process, no healisabs_qrbpdormjected by the air ,

- 3. Third stage (Constant volume cooling). The air is now cooled at constant volume from
temperature 7, to temperature T, as shown by the curve 3-4in Fig. 6.15 (a) and (b). ,

Y P
e

» Heat rejec:led;by thg_a'i:.' f QH - m‘-'pﬂ“‘j _T‘)“ M eiiniatle nelt o el
4. Fourth stage (Révéssible ldiabotic or iséntropic compression). The ait is con
i i JRABE A ) Chalimr. el et O SRR GORIPTRReeR, air is com
reversibly and adiabatically froi témperature T,/to a temperature 7, as shown by the curve 4-5 in
: Fig. .6'15; (4) and (b). In this Pm.nﬂheatsiglabsmbedm rejected by the air. :
S. Fifi stage (Constant volume heating). The i is finally heated at constant
. temperatute T 10 & temperature. T, as shown by the curve 5-1 in Fig. 6.15 (o) and (5
; ' L ST

This cycle is a combination of Otto and Diesel cycles. It is sometimes called semi-diesel cycle, < X
S §

o)
% &

R
ol
I
> -é"m P
(b) T-S diagram. )

G may Ko,
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‘Theory : i

Morse Test is conducted on a multi-cylinder engine mainly to find the I.P of the
engine. In this test, B.P is found as usual while all the eylinders are working
(by brake load test etc.). Then one cylinder is cut out by short circuiting the
supply to spark plug in petrol engines (or by cutting off supply to injector of one
cylinder in case of Diesel engines). Now b.p of engine with 3-cylinders working
is found by load test. Again this cylinder is given supply of current to spark plug
and another cylinder is cut out. Since frictional power loss is same though a

cylinder is cut out.
(Z i.p), - f.p = (b.p), when all cylinders working

‘z ip)z &8 f'p

-(b.p), when one cylinder is cut out

I

Bwef @%th’m ang,_

& man K8

IL.5

Substracting : (Z i-P’L" (Z i.p), = (b.p), - (b.p),

- T Fig. 7.1. Formation of steam at constan{ pressure,
Consider 1 kg of water at 0° C contained in the piston-cylinder arrangement as shown in
“Fig. 7.1 (a). The piston and weights maintain a constant pressure in the cylinder. If we heat the water
contained in the cylinder, it will be converted into steam as discussed below
1. The volume of water will increase slightly with the increase in‘temperature as shown in
-Fig. 7.1.(b). It will cause the piston-to- move slightly upwards and hence work is obtained. This
increase in volume of water (or work) is generally, neglected for all types of calculations.
' 2. 0On further heating, temperature reaches boiling point. The boiling point of water, at narmal
““atmospheric pressure of 1.013 bar is 100° €, butit increases with the increase in pressure. When the
boiling point is reached, the temperature remains constant and the water evaporates, thus pushing the
* piston up against the constant pressure. Consequently, the specific volume: of sieam increases as
““shown in Fig. 7.1 (c). At this stage, the steam will have some particles of water in suspension, and is
termed as wet steam. This process will cqn:i;‘ine-ﬁll the whole water is converted into wet steam.

3. On further heating, the water particles in suspension will be converted into steam. The entire
steam, in such a state, is termed as dry sfeam or saturated steam as shown in Fig. 7.1 (d). Practically,
the dry steam behaves like a perfect gas. s

" 4. On further heating, the temperature of the steam stars rising. The steam, in such a state, is
termed as superheated steam as shown in Fig. 7.1 (e).

/'@ﬂwe._jma@

Y

Max

Euﬁb[d«ﬂﬂ'ﬁm -3

6 mavks.

IL.6

MODES OF HEAT TRANSFER :

There are three modes of heat transfer namely conduction, convection and
radiation. 3

In fact ‘conduction’ and 'radiation’ are said to be basic modes of heat transfer.
As a result of conduction and/or radiation occurring in a fluid media, heat
transfer by 'convection' occurs.

THERMAL CONDUCTION :

This is the form of heat transfer which takes place through any substance, solid,
liquid or gas due to energy exchange in the molecules and by virtue of
temperature difference. '

2 Mavks.
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THERMAL CONVECTION :

The term thermal convection refers to the heat exchanged between a surface
and a fluid moving over the surface. :
When a fluid (liquid or gas) flows over a solid, and the temperatures are different,

heat transfer takes place between the fluid and the solid surface as a result of
the motion of the fluid. This mechanism of heat flow is called convection, since

THERMAL RADIATION :

A heated body when placed in vacuum loses heat. In the absence of matenal
medium heat cannot be lost by conduction or convection. Here heat is said to
be transferred by radiation.

Radiation is that mode of heat transfer which requires no material medium.

ynaX }3

2 ek, -

& Oarg k3

IL7

other at the exit. The longer the flow passage, the closer together the temperature
of the two fluids will be at the éxit.

COUNTER FLOW HEAT EXCHANGERS :
In this type of heat exchanger hot and cold fluids enter at the opposite ends of
the heat exchanger and flow through in the opposite directions.

Fig. =.7» shows the principle of counter flow heat exchanger.

COOLANT
IN

g # R AR I .
HOT T ————— . HOT

AUID,, e et o g
e IN *%. = I g l ; : IN

_ COOLANT
NG Figs: mss

In this exchanger, as the flow passage is lengthened, the temperature dxfference
between two fluids at any pointiin the.flow passage becomes, smaller and smaller.

Thus, with a very long flow passage, the temperature of:hot, ﬂu:d at.its exit
approaches the temperature of coolant at its entrance. leewise the temperature

et o

PARALLEL FLOW HEAT EXCHANGER :
In this type of heat exchanger hot and cold fluids enter at the same end of the
exchanger, flow through in the same direction and leave together at the other
end. The principle is illustrated in fig. -....
COOLAN
ouT

: | e FLUID

o o T h o Ao A Wt At A Tt Bt L et _our

FU“.D o WL T TN T e, e ey 208 -k

N LJ Fhmine ]
; : 1CDOLANT ;
IN
t.>.. PARALLEL FLOW HEAT EXCHANGER

For a parallil flow of fluids the temperature of the two fluids approaches each

Imaxi=

% N
Exfpémq‘zfon > Dy

bnation — 2

o pave

of coolant at its exit approaches that of hot fluid as it enters' wad

5m¥0-
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' (W) Hwtkugplled - i u& ol Entropy ——w=

(b) Constant pressure:(’ isobaric/) process | .

Consider ‘m’ kg of gas being heated at constant pressure from state | to 2 . The heating
of the gas under constant pressure causes an increase in the volume and temperature. There
will be some external work done due to the increase-in the volume. This process, repre-
sented on a p-V diagram is as shown in Fig. 1.24. Fig, 1.25 shows the process represented
onaT - S diagram. The horizontal line 1-2 in Fig. 1.24 mprcsents the process in pV diagram.
The curve 1-2 in Fig. 1.25 represents the process in T-S diagram. A part of heat supplied
during the process is utilised to increase the internal energy and the remaining part is utilised

to do external work .
@p-V-T relationship ¢
For a perfect gas, '
Y P22
T T3 vhor

B o= 00

X V1 . V2
Since p, =P, : TI"T - .

b e o o i e el

.- Pressure ——e-

: Volume——* /
(ii) Work done ~ Fig. 1.24
t_wz=§9dvf g Bt s SHETE R LRI

Q. Vzg =0
ke posing
Pl }Vl it

WP(V V)

"|
e

ture

A
(iii) Change in uxtﬁrna! energy B
Since there isa temperature rise from T to T i

AU = %C“ﬁ, T )

¥ Ttmpcm

Ak

Lo s wa e s onwowne = ameW i

F*E_p:;},%S, i gl

From ﬁrstlawofﬂlermodynmnms, :
S ”_. : i 1Q2 = AU - Wz AT B T T S TR SEMIRIEF 1 ;
oMl e "g;-i =mC (T )+p(V v) :
For abonsmnt'pre'ssu'ré p cess, p!# ?z 7e

L £3 % ; &‘j!
Fora perfect gas LR bl

Clle I

3,

‘e AS4T L . "‘i-.- {.z; 1 ; :

et ik o T e Z Sh L

o) S e oy .Cvfzz; )'* mR (’f’"‘T )m:; "}’tt‘;“ - tilen

e -y F:.‘,c_-;'."‘;f} TR Trite = ? 5 il -'H«:"?.-‘vl{ ‘ﬂ"‘%" ¥ “3!.“7,' NG

: p EREUT 2t e LRI

s Pt T gmgﬂ}iﬂ‘ );@Gv'l;,a )J; b 5{,":"’ [Ermsss v ‘%
S SR u\‘, !., B £ 5 e

5 w‘ & "L'A '_

«“?.:_ f'.m";u JI_&} > &
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d
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IIL.b

we

Solution :~°
Initial conditions :
p, = 1.5 MPa = 1500 kPa
T, = 1500 + 273 = 1773 k
V, = 0.12 m?® .
Final conditions :
p, = 175 kPa
T, =7

- 'C, 1.0035
Adiabatic index, y = C—p=_-6%.%-5--—-1.4
v . :

For adiabatic process,
31 14-1

T [_;3_1_)“?=[1500]T.4“
Ty P2 1 175

04
= (85714)i4 =1.8474

1773
(i) Final temperature, T, = 1 ;;;7 1= 18474 =959.72 K

= 959.72 - 273=686.72°C ._ .

1

1

N p \r _(1500\ia

Also, — = |=| =|=—|" =4.639
> W (Dz) (175) .

5V, = 4,639 x 0.12 = 0.5567 m®

(ii) Wofk done, W = !ﬂ..‘%‘j;i%.

_ 1500x0.12-175x0.5567 _ ,0c 2a 13

14-1

Mavyik .

2 maxkr, 2. ey -

2. M<vYEy .

7 M eay kx5
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IV.a

Consider a certain quantity of gas at an initial pressure and temperature of P,
and T, respectively. V, being initial volume point (1) on p-V diagram (Fig. - +
represents this state. To change this state of gas to p,. V, and T, i.e., point (2)
on diagram, let us choose an intermediate state (A).

c P

af-@

Pal—
CHARLES LAW CHANGE

‘! CHA
tg Va : Va "T'"‘k

' Fig. = 4
1st Process : T ‘being constant, for a change of state from
(1) to (A), we have, by Boyle's Law. .

. ‘ ™
p,V,=p,V,ie, V, = =t} P mmmes {i)
: lJz .
gas 7 ’ —
2nd Process : p, = p, being constant, for a change of state from (A) to (2),
we have, by Charles's Law. : ks
¥y R 7 il Ty noiao g v Yo Bihatue s
- s gl g : i faadh.. § : ;
A ,rl i Tz I.E-; VA p Tz ety 3 i 7y cFri ! .‘_-'-;;‘t '.‘.' "’{u’

; . T
From (i) and (ii) h L2 = V;'-‘x‘i]'l L S N W,
T &

-V ” 7 P 0/ " W S

!I‘ll e Pa_vrzz : . / B -

From (iii) it follows that pV/T"= a constant for any‘_ﬁxed;m,a.ss of gas, changing
its state. Denoting this constant on the basis of unit:mass by-a symbol R, we
have pV/T = mR for ‘m’ kg of gas. Thus pv = mRT is known as characteristic
equation of a perfect gas. m B

[ geaen

Foal @.[Pygggﬂon "

m arg s e e el T S R
Further, p = v R"f i, p= PRT ....... p = density inkg/ms. N

2L Ma vk

D roaxi<y
2 rOanes .

%‘ M ay Ky,
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IV.b

Imtrgl condition [
Pressure, p, = 1000 kN/m? -

‘Volume, V, =0. 0001 m3

Temperature, T, =25 + 273 298 K %

Final volume V = 0.001 m?

Gas constant R = 0. 297 kJ/kg K

(a)Mass of air, m : S

p"V‘ & mRT

_piVh - 1000x0.0001 _ 5
"R, 0297x2% 1.13 x 107 kg

(b) Fmal pressure, p2
V —p2V :

- py-Vy _1000x0.0001
ol i 0.001

(c) Work transfer, 'W

=.100 kN/m?

V'
W plv iog = 1000 x 0.0001 !og 0 0001

= 0.2303 e oo

| Mavyites .

2 m Y [:._.;

2L hDavks

2 mMary

7 mavks
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Pi

®

P3 .
' ADIA EXPN pV=K

@) Rk

oy ® -
. \ CONST.VOL

P Y ADIA COMPRN @

: Mgy . A V=V,

Fig.

T4

T 91=92 . ¢3=¢4

P— vV aff'aﬁfam— Q. Mayk .
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Process (1) - (2) : Adiabatic compression of air.
Pressure increases from p; top,;
V, to V,. Temperature increases
remains constant o, = by Heat tr
is done on the air at the expense

addition by applying hot ‘body to
tice it is ignition of fuel resulting

re increases from p, to p,
from T, to T T, is maximum

ases from ¢, to ¢,

. volume decreases from
from T, to T,. Entropy
ansfer being zero, work
of its internal energy.

Process (2) - (3) : Constant volume heat
cylinder walls. (In prac
combustion). Pressu
Temperature increases
temperature of cycle. Entropy mcre
Work transfer is zero.

Heat source is withdrawn ; Gas expands adiabatically.

Pressure decreases from p; to p,. Temperature decreases
from T, to T, Volume increases from V, to V,. Entropy
remains constant ¢, = ¢,. Heat transfer is zero and work
is done by the air.

Process (4) - (1) : .Constant volume heat rejection by applying a cold body to
engine. Pressure decrease from p, to p,. Temperature
decreases from T, to T,. Entropy decreases from ¢, to ¢,.
This process completes the cycle and returns the air to
its original state (1}.

Heat raceived by air Q,_, = C, (T, -T,)
Heat rejected by airQ, , = C (T,~T,)

Process (3) - (4)

Work done per cycl;!. {jW =Q_3-Q_,
=C, {(T Tz) ~{T,=T,)]

Air standard efficiency of éycle = -—..WM F s

Cy [(T3 - Tp)~(T, - Ty)]

ie, n, =

2 } 1.:2 w,rz 4

4 Mav/k s .
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From adiabatic compression (1) - (2),

~1
..Tl . (_YLT = rg-l

T\
T, =T, -1
From adiabatic expansion (3) - (4).
T, [w]"" V. . %
— 7 =l . GAE G =T
.Tq_ V3 va v2
T,=T,.r!

r = ratio of expansion
= ratio of compression in Otto cycle

Ty =T,
Expression for n becomes, 1y, = 1~ ———1—
Ty -Th)
e e ; 1

A nu]rﬂd b nDtto = r’!‘l r?"i

2 mayks -

= N axic?
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V.b

Inthe valve timing diagram as shown in Fig. 26.9, we see that the inlet valve opens before the

piston reaches TDC ; or in other words while the piston is still moving up before the beginning of the

suction stroke. Now the giston reaches the TDC and the suction stroke starts. The piston reaches the
BDC and then starts moving up. The inlet valve closes, when the crank has moved a little beyond the

(ot 2 R L e ek A en s i %-w--.-wf;,:w-,, A R e R e B
Nt e S Rt A R i %

A TR e T

“TDC': Top dead centre _

" BDC: Bottom dead cefre

: VO : ket val;ul: opens (10° - 20° before TDC)
% - IVC : Inlet valve closes (25° - 40° after BDC)

+ FVO: Fuel valve apens ( 10° - 15° before TDC)
" FVC: Fuel valve closes (15° - 20° after TDC)
164, ~ EVO; Exhaust valve opens (39° - 50° before BDC)
7 EVC: [.-‘.xhggi;t valve closes (10° - 15° after 7DC)

_ ., Fig..26.9. Valye timing diagram for a four stroke cycle diesel engine.

BDC. Thisis done as the incoming air continues to flow into the cylinder although the piston is moving
upwards from BDC. Now the air is compressed with both valves closed: Fuel valve opens a little
before the piston reaches the TDC. Now the fuel is injected in the form of very fine spray, into the
engine cylinder, which gets ignited due to high témperature of the compressed air. The fuel valve
closes after the piston has come down a little from the TDC. This is done as the required quantity of
fuel is injected into the engine cylinder. The burnt gases (under high pressure and temperature) push
the piston downwards, and the expansion or working stroke takes place. Now the exhaust valve opens
before the piston again reaches BDC and the burnt gases start leaving the engine cylinder. Now the
piston reaches BDC and then starts moving up thus performing the-exhaust stroke. The inlet valve
opens before the piston reaches. TDC to start suction stroke. This is done as the fresh air helps in
pushing out the burnt gases. Now the piston again reaches TDC, and the suction starts. The exhaust
valve closes when the crank has moved a little beyond the TDC. This is done as the burnt gases
continue to leave the engine cylinder although the piston is moving downwards.

EWW(]'MD,' 4!0('*’&/ F}j' D rMaxi<

Page 14/23




SCHEME OF VALUATION

Vl.a

(Scoring indicators)

’- A
7

LA S SIS IS II AP

N
Ry
R
)
N
3
b
X
R
3
8
N
N
N
3
3
N
N
N
N
N
»
N
N
X
N

T

-~
o L -

{a) Suction {b) Compression (C) Powar {d} Exhsust
TDC = Top Dead Centre 8DC = Bottom Dead Centre
IV = nlet Valve ) EV = Exhaust Valve

P." = Piston ) Cy = Cylinder

CR =Con.rod . § = Spark Pluge

G = Gudgeon Pin € = Crankpin

CO = Crank Fig. 5.2

1st Stroke : -
Suction Stroke (Induction Stroke) : Piston moves down from TDC to BDC, lnlet\

valve opens. Partial vacuum is created inside the cylinder. Fresh charge of fuel air
is admitteql through inlet valve. Exhaust valve remains closed. Fig. 5.2 (a).

2nd Stroke : ;

Compression Stroke : Piston moves up irom BDC to TDC. Both the valves
remain closed. Charge is compressed inside the cyllnder Its pressure and
temperature increase. Fig. 5.2 (b).

At the end of compression.a spark is ejected and ignites the charge. ... .
3rd Stroke : Kok : :

Expansion Stroke (Power Stroke) : Piston moves down from TDC to‘BDC, as
the power is developed in the form of heat energy. Both the valves remain
closed. This:is also called working stroke Fig 5 2 (c)

4th Stroke

Exhaust Stroke : Piston moves up from BDC to TDC. Exhaust valve opens.
Burnt gases are driven out. Inlet valve remams closed Flg B 2 (d).

It may be noted that during first two strokes ptstons movement is due to

,'mgmentum of. the fly-wheel keyed to the crankshatt.. The charge comprising

fuel and air mixture comes from a carburettor.
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These operations are represented on p-V diagram Fig. ...

P 3

Py 0’6'77@”) — [yt

ATM I
PR

INDUCTION

WOR
SUPPLIED

Fig. -».~

4

Let clearance volume, V,=V_ =1
V, = Swept or stroke volume.

B V. +V,
'| Then compression ratio r = —
. (-
o0 M2k
14 = h‘i‘-’t

14=1+V andV =13
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1.78 |

! :
@ Pt. OF CUT OFF

Ve ="T= i Vs @

g . Fig. 4.11
(2) -(3) =6% of V, = .06 x 13" = 0.78
= Volume of 6% of stroke

V,; = volume at pt. of cut-off = V, + 0.78 = 1 + 0.78 = 1.78.

Cut-off ratio, p = TJ; - 1.73.
Now,
1 1 {pt 21}
Mot = 1= 7 - 5T (p_l)

i oL 1 (u.vs) 1}

=1- 17 @pe | ima
o FIOAY o o i

=1-0248 (‘6‘%‘”8") =0-03% -0605

=605%. . | s

Fg, § Mgl

A=

o Move,

N 20 .
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Vil.a

2 1‘ne principal parts uf a single cyimder,
areshowninFig. 17,1, . &

The superheated steam at a high pressure {about 20 atmospheres) from the boiler is led into
the steam chest. After that the steam makes its way into thccyhnder through any of the ports ‘a” or
‘b dependmg upon the position of the D-slide valve. When port ‘a’ is open, the steam rushes to the
left side of the plston and forces it to the right. At this stage, the slide valve covers the exhaust port
and the other steam port ‘b’ as shown in Fig. 17.1. Since the pressure of steam is greater on the tef!
side than that on right side, the plsmn moves to the ri ghl '
6w % X

R T

double ncnng !mnzonml rcclprocatmg steam engine

‘ Fig. !7 I Smglc cylinder double acung honzmlal reclpmcaung steam cngme.

- Whenthe pxston reaches near theend of the cylnuer it closes the steam port ‘2" and exhaust

port. The steam port “b" is now open, and the steam rushes to the right side of the piston. This forces
the piston to the left and at the same time the exha

Ust steam goes out:! thmugh the exhaust pipe, and
thus completes the cycle of operation. The same process is s repeated in other cycts of operation, and
as such the engine works. ,

VILb

g TR e
Enthalpy of 1 kg of steam
From steam tables, corresponding to a pressure of 8 bar, we find that
= 7209kJ/kg and h, = 2046.5kI/kg
We know that enthalpy of 1 kg of wet steam,
h = hetxhy, = 7209+08x 20465 = 2358.1 kJ Ans.
Heat required to raise 2 kg of this steam from water a1 20° C

We have calculated above the emhalpy ortotal heat required toraise I kg of steam from water
at0°C. Since the water, in this case, is already at 20° C, therefore

Heat already in water =42%20 = B4KkJ
. Heat requir_ed per kg of steam .
=2358.1-84 = 2274.1 K1 5
and heat required for 2 kg of steam

= 2x22741 = 4548.2&! ims.

3 mavy

T

ox g
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VIll.a Consider a unit mass flow of steam through a nozzle. '\?
Let V = Velocity of steam at the entrance of nozzle in mfs §
' ' V = Velocity of steam at any section considered in m/s, N
h, = Enthalpy or total heat of steam entering the nozzle in kJ/kg, and J “q
; . -h, = Enthalpy or total heat of steam at the section considered in kJ/kg. S §
We know that for a steady flow process ina nozzle.
« [V o V’
h,+ 1000[2] h 1000 +Losses
Neglecting losses in a nozzle,
X VZ V2 p 8
¥ £
1000{ 2 ~ : g . mayHdA «
fo v S \[V +2000(h1~h1) —\’V’+2000h R N
where - h = Enthalpy or heat drop during expansion of steamina nozzle & §
= h,~h, Ny
*Since the entrance velocity or velocity of approach (V)) is negligible as compared to V, § *
thereforc from equation (:'). Lt_
"= Y2000k, = 44.12\0'3: , oo s (i
VIILD | Solution. Given:p, = !5 bar; p2 = 1.5 bar ol
Final velocity of the steam
From steamtables, corresponding to a pressure of 15 bar, we find that enthalpy of dry saturated
steamn, ; . ;
h, = 27899 ki/kg
and corresponding to a pressure of 1.5 bar, enthalpy of dry saturated steam, 2
hy = 2693.4 Kl/kg > MAYks

» Heat drop, h, = hy—h, = 2789.9 - 26934 = 96.5 ki/kg
We know that ﬁnai velocity of the steam,
vy = 4472k, = 4472965 = 4393 mis Ans.

Percentage reduction in the final velocity By &
‘We know that heat drop !ost in friction v b

e Frope =10% .= 0.1 : ” i ... (Given)

- Nozzle coefﬂcxemor nozzle effi c:cncy - I I T

K=1-01=09
.. We know that final velocuy of the steam,. .

5 - = 42V, = = 447209 %9635 = 4168 m/s

- Percentage reduction in ﬁnat velocity )

439.3-416.8

= ——-—‘““7:439-3 ‘= 00510r 5.1.% Ans. = 4
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IX.a

Fourier's Law of Conduction :

The fundamental law of thermal conduction is stated by Fourier.

This is an empirical law based on observation and is stated as : "“The rate of flow of
heat (Q) through a single homo-genous solid is directly proportional to the area of
section (A) at right angles to the direction of heat flow, and to the change of

temperature with respect to the length of the path (i——i‘) of the hgat flow."

Mathematically,

d
_QaA.a% or Qn—kA%}

whete k is constant of proportion'ity dnd is known ‘4§ 888MisHE 5 thermal
conductivity of the body. It largely depends on type of material. .

~ve' §ign of k in the equation takes care of decreasing'temperature along with
the direction of increasing thickness or the direction of heat flow.

The temperature gradient dT/dx is always negative along positive 'x' direction
and hence, the value of Q becomes '+ ve'.

dT
Thus, Q—k.A'd—x-

- Q &
bl _
When Q = 1World/s,A=1m?

dx -
and T = 1m/°l.{.

i .
then k = W x ';:fx'ﬁi = W/m.%K

Newton-Rikhman Equation : The heat transfer per unit time by convection
is given by,

Q=hA (t,—t,) watts or J/s
where h heat transfer coefficient
= convection coefficient
= coefficient of convective heat transfer (W/m? K) or {(W/m?2. °C)
A = surface area (m?)
(t, - t,) = temperature difference between the fluid and the surface
This equation is called Newton-Rikhman formula

1,4 M4avyKs -

Navy
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W Q
The quantity, 2= = q = j {t,~t,) is called the heat flux i.e., heat transferred by
convection per unit areg Per unit time,
From the above relation, we have

MR

N

348. Heat Transfer by Conduction through a Composite Wall
Consider a composite wall consisting of two different materials through which the heat is
being transferred by conduction, as shown in Fig. 342, 4 L
Let  x; = Thickness bf first material,
ky, = Thermal conductivity of first material,
Xk, = Corresponding values for the second material
T\, Ty = Temperatures of the two outer surfaces,
T, = Temperature at junction point, and
A = Surface area of the wall,
Now assuming T to be higher than T,,, the heat will flow from
left to right as shown in the figure. Under steady conditions, the rate |

of heat flow through section 1 is equal to that through section 2, We sty
know that heat flowing through section 1, e mmmu -

)
:xl

&

; x4 X
or T-T) =% xﬁ : )

o

Similarly for section 2,

X B ()]

S
3l

(T,~T)) =
Adding equations (i) and (ii),
oy 28 5
4 [kl"kz
g A(T,-T) (T,-T) _ 01

M - 242 LA 3E
= Wk EATRA T

—

‘F(T’\.g May i

2
i
]
1
™  payics

% mjpvis -
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A single stage reciprocating air compressor, in its simplest form; consists of a cylinder, piston,
inlet and discharge valves, as shown in Fig. 28.1. From the geametry of the compressor, we find that
when the piston moves downwards (orin other words, during outward or suction stroke), the pressure

(a) Suction stroke,
Fig. 28.1. "Single stage'reciprocating aif compressor.

e 2 e

inside the cylinder falls bglpw the atmospheric pressure. Due to this pressure difference, the inlet
valve (I.V.) gets opened and air is sucked into the cylinder, at inlet pressure until the piston completes
the outward stroke. Now when the piston moves upwards (or in other words, during inward or delivery
stroke), the pressure inside the cylinder goes on increasi ng till it reaches the discharge pressure. At
this stage, the discharge valve (D.V.) gets opened and air is delivered to the container. At the end of
delivery stroke, a small quantity of air, at high pressure, is left in the clearance space. As the piston
starts its suction stroke, the air contained in'the clearance space expands till its pressure falls below
the atmospheric pressure. At this stage, the inlet valve gets opened as a result of which fresh air is
sucked into the cylinder, and the cycle is repeated, = ' . o -

ey ik

Hion -~/

b Mg

- 8Ma’yk4 =
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X.b

Initial pressure, P, = 1bar

Initial temperature, T, = 15+273 =283k
Mass of -air, m = lkg

Final pressure, P; = .40 bar

Law of compression, pVi25 = constant.

For minimum work (energy)

P, = 4P1Xpg = 1x40
= 6.324 bar

Then, energy required per cycle.
n-1

2.n | n
T - P -1
w n-1 By (Pl J

Assume, R = 0.287 kd/kgK for air

2x1.25™
% 0.287 x 288
W= o7 *1 '

826.56 % 0.4461
.868.73 kd-

I

Il

1.25-1

P ——

1

1k (6.324) 15

YK

} i e
} Z mavk
} 2 mady
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