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Single stage reciprocating compressor with PV

diagram
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The above figure shows the P-V diagram for single
stage reciprocating air compressor without
clearance.

During the suction stroke the air is drawn into the
cylinder along line 4-1 at constant pressure P1
which is slightly below the atmosphere.

At point 1, the piston compietes the suction
stroke and starts its compression stroke. At this
time, all the valves are closed; the air inside the
cylinder is compressed along the curve 1-2,

At point 2, the pressure P2 is reached which is
slightly higher than the receiver pressure. At this
point discharge valve opens delivery of
compressed air takes place along line 2-3 at
constant pressure P2.

The piston has now reached at top of cylinder and
again starts its suction stroke & the pressure in
the cylinder will be lowered again P1 & the cycle
of operations will be repeated. The net work done
required is represented by area 1-2-3-4.
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8.1 VAPOR POWER CYCLE

8.1.1 RANKINE CYCLE - THE IDEAL CYCLE
FOR VAPOR POWER CYCLE

Many of the impracticalities associated with the Carnot eyele can
be eliminated by superheaxng she steam in the boiler and condensing it
completely in e condenser, as shown schematically on a T-y diagram
in Fig.8.1. This cycle is caled the Rankine cyele, which is the ideal
cycle Tor vapor power plants. The ideal Rankine cycle does not involve
any internal irreversibility and consists of the following lour processes:

1-2  Isentropic compression in a pump.

2-3  Constant pressure heat addition in a boiler.

3-4  Isentropic expansion in a turbine,

4-1  Conslant pressure heat rejection in a condenser.

) Flow diagram. b) T-s Property dingram.

Holler T Jfff
U W - of

I’.}Lh oy Turhine — . P, 3 &

I ) ¥ §§ -

4 LB 2 -.': T e q:sf
[ Condenser .II ML T
i il *
i N | l
2 mp | Q. | :

- W i h [3

Figure 8.1 Ideal Rankine cycle
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The steam extracted from the turbine at st
nser pressure is mixed with the water from the
r pressure at the condenser exit should be
r 1o mix with the extracted steam. Another
r to increase the water
er pressure, Therefore, the feedwater heater requires
two pumps for operation as shown in Fig. 8.9,

pressure and the conde
condenser. Thus the wate
increased by a pump in orde
pump is required
pressure to the boil

%

l_ Fhe

Turbinge
Iaoiler
1
LYY I—d—
Feadwater (1-mi kg
heater >
1 kg

Pump

Purp

—
-4

—

Condenser

T

at the exit of the feedwater heate

te (6) between the boiler

High press,
5
S
Intermedhate
[ ML s s
L b Lo press
7

Figure 8.9 Regenerative eycle with open feedwater heater

To apply the first law of thermodynamics in this case. first start with

-

feedwaler heater to caleulute “ny

Torstite (3)or (6) i *m™ s given as
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small part of the steam extracted from the turbine to un external heat
exchonger called feedwnter heater, Two types of feedwater heaters are
used, The first type is called “open type" feedwater heater where the
extracted, bled, steam mixes with the water and the result is hot waler at
the exit of the heater, The second type is called “closed type"”, where
there is no mixing belween the stenm and the water, The heat is only
transferred from the steam to the water. The regeneralive cycle using
these two types is presented in the fo¥owing sections.

T

Steam from bholler

=,
-

Flgure 8.8 Ideal regenerative cycle

8.4.1 REGENERATIVE CYCLE WITH OPEN
FEEDWATER HEATER

A regenerative cyele using one open type feedwater heater is shown
in Fig. 8.9 below. The rutio between the bled steam to the total steam
flow rate is called *m", Then!

= bled steam [low rale

m
The flow diagram per | kg of total steam flow rate is also shown in
Fig. 8.9,

Scanned with CamScanner



8.2.2 EFFECT OF BOILER PRESSURE

To study the effect of boiler pressure we should keep the steam
temperature ot the exit ol %ie boiler, T3 . constant, Then

* Ti=Ts =T

* Alsocondenser pressure is kept constant.

* Heat rejection is reduced by the area (4 4* a c),

T
3 3
/
N/
74 /
4: \\
8

Figure 8.3 Effect of boiler pressure

LL]
*  Asaresult of increasing boiler pressure, Qg is decrensed.
n

e If the area (a-b-3-c) = area (2-2°-3"-b). Then Q, is constant and

i

Wi increases, This leads to an increase of 1, .

e Also il aren (4-4"-3-b) = aren (2-2°-3"-b), then Q; decreases and
]
Wi Kept the same. Thus Rankine efficiency increnses. So,

As Pp increnses T increases.

Note:
Disadvantage of increasing the boiler pressure leads 1o decrense of the
steam quality at the exit of the turbine. This is similar to the pervious

effect of reducing condenser pressure,
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8.2.3 EFFECT OF SUPERHEATING

As shown in Fig. 8.4 by increasing T and keeping Py the same, then
* W, is increased by the nren (3 37 4° 4),

® Qa is increased by the same area + area (4 4° b* b).
® Heat rejection is increased by the area (4 4° b° b).

/ \\3/ T

—

\

/1

-Hi
1

AN

.\/

b W

S

Flgure 8.4 Effect of steam superheat

- . .
e Mumer = ] Q since Qa is increased by a larger ratio
A

— T p Wwill be increased if superheat is used.

¢ Another advantage is the increase of the steam quality at the
exit of the turbine, i.c. less erosion is expected.

Summary:

As shown in Fig.8.5 below M is increased by:

I- Lowering condenser pressure (less heat rejection for
same heat addition).

2- Increasing boiler pressure.
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8.3 THE REHEAT CYCLE

Superheating the steam to high temperature is limited by its effect
on the turbine malerial. So, in order to improve the Rankine cycle
efficiency and increase the net power output, the steam is reheated after
expansion through some part of the turbine as shown in Fig.8.6. Thus
the steam is reheated before complete expansion in the turbine. After
reheat the steam is further expanded in the second part of the turbine.
This expansion may be occurring in two parts, called stages, of the
turbine. The first part of the turbine is called high-pressure stage and the
second part is called low-pressure stage.

After expansion from state (3) to state (4) in the turbine the steam is
reheated in the boiler building to state (5). The temperature of the steam

at state (5) is almost equal or less than T':

Ts <T;
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