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18.1. INTRODUCTION

The mai o ; , oy P :
e Ai';lam purpose of steam nozzles is to produce a high velocity jet of steam which is used in steam
dhia usea IS0, these are used in injectors which are used for pumping feed water into boilers. Nozzles are

§ in injectors 1o maintain high vacuum in power plant condensers or steam jet refrigeration condensers.

steam’l.hc steam no:-v,zlc is_ a passage of varying cross-section by means of which a part of the enthalpy of
o is converted into kinetic energy as the steam expands from a higher pressure to a lower pressure.

c. amount of energy so converted depends upon the pressure ratio and the type of expansion. Isentropic
:‘!;;2:0; provides the maximum conversion. Generally nozzles are so shaped that isentropic expansion
s ned.

18.2. TYPES OF NOZZLES

There are mainly two types of nozzles as shown in Fig. 18.1.
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Convergent Nozzle

The cross-sectional area of the nozzle is dictated by the expansion process and the condition of the
steam at inlet and at exit.

In convergent nozzles, the cross-sectional area diminishes from the inlet section to the outlet section.
This type of nozzle is useful up to a pressure ratio of 0.58 when using saturated steam.

This is known as critical pressure ratio and is different for different fluids.

Convergent-Divergent Nozzle |

The convergent-divergent nozzle is also shown in Fig. 18.1. When the pressure ratio has a value less
than the critical value, a divergent part is necessary in addition to the convergent portion to obtain further
pressure drop and acceleration. The divergent section has to be long as the divergent angle is limited to
about 7° in order t0 prevent separatiop at the wall. »
The least cross-section of convergent-divergent nozzle is known as the throat of the nozzle, and it

corresponds 10 the limiting exit section of a convergent nozzle, Beyond this section, the nozzle area increases
til] the exit section.
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The design of correct areas at the throat and exit of

the nozzle is very important as the flow through the nozzle

will depend upon these sizes for a given pressure drop,

Nozzles are always designed to discharge maximum mass
for a given set of conditions.

183. FLOW OF STEAM THROUGH NOZZLE

Consider a nozzle as shown in Fig. 18.2. Applying the
energy equation to the sections | and

2 of the convergent
nozzle and considering a flow rate of one kg per second,
2
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Fig. 18.2.
W and Q are work and heat transfers. 8. has a numerical value of 1 in S! units.

Since, the expansion through a nozzle is considered as isentropic, and, as there is no external work
done during the flow of steam, both the heat transfer and work transfer have zero values

Q=0 .(b) ; W=0 .{c)
Using these conditions, equation (a) simplifies to

V2 V,2
hy + 227 _h2+'2gc]
Yo (hy - hy) + S
B TV Ty
ie Vo =Y2g, J(hy — hy) + V,2 ~(18.1)
Usually, the velocity of steam entering the nozzle (V;) is very small as compared to the velocity at
exit, and therefore, V; can be neglected. 5

v,?
Otherwise the quantity (h]+—-—-—)=hg
; 2
may be used where kg is known as the stagnation enthalpy at inlet.

Vy = N2g J(h — hy) = N2g J (A h),,

= V2 X 1(Ah)jsc X 103 X 1 where (Ah)ye is in k/kg ..(18.2)
=44.72 VAhy, As g.=1and J = | Ahin KJ

where Ah;, is the isentropic enthalpy drop per kg of steam when the pressure drop is from p, to p,.
This is the general energy equation irrespective of the shape of the nozzle.

The isentropic flow of steam through the nozzle may be approximately represented by an equation
of the form

pv" = constant

s n = 1.135 for saturated steam and = 1.3 for superheated steam.
These values are approximate and actually the value of n varies along the nozzle.

It can be said that the steam performs work upon its:_:lf by accelerating itself to a high wekacily, et
of doing work on the piston of an engine. It is a reversible expansion.
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18.3

As the ste : _
of enthaipy'osf f]i:m pressure drops while passing through the nozzle, its enthalpy is reduced. This reduction
the work don he steam must be equal to the increase in kinetic energy as given by equation 18.1. Hence
€ Dy the steam upon itself is equal to the enthalpy drop.

If the } .
aw — . ; ;
be equal to th of expansion is assumed to be pv" = constant, the work done during the expansion wili
the work done during the flow process as mentioned earlier.
4 b |
52 2 L = (v vy) =
28, 2g. V1 =P T Ty
where

vy = (specific volume of steam at entry)
v, = specific volume of steam at exit)
If V| <<V, then

V22_ n __n v(l~p2v2)
We gl PV =Py | B0l PV Py

s pi" = pva”
1

b ( P ) "
o 41 P2
Substituting this in the above equation, we get
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V= Vzgc . P1V1[ 1- (j’_z) " ] .(18.3)
n= 1 P

18.4. CONDITION FOR MAXIMUM DISCHARGE
Nozzles are always designed for maximum discharge.
The flow of steam through the nozzle is given by

i (184)
3 vz
: m, = Mass of steam passing through the nozzle in kg per second.
v A, = Area at exit of nozzle in m?,

V, = Velocity at exit in m/sec. |
v, = Volume of one kg of steam at exit of nozzle in m’.

tituting the value of V, from equation 18.3 into equation 18.4.
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Substituting this value of Y2 I the above equation,
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The equanion 18.5 gives the discharge of steam through the converging nozzle. It is obvious from (his

. ) P2 ;
equation that the discharge through given nozzle is mainly a function of —-*"p » @s expansion index n iy
I

fixed according to the quality of steam supplied to the nozzle.

Therefore the condition for maximum discharge of steam through the nozzle is obtained as outlineg

below
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This pressure ratio which gives maximum discharge throy i
ratio gh the nozzle 1s known as the critical pressure
Now, n= 1135 for saturated steam
e A= 13

for Superheated steam
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n n-1

A o n-1 n ]
(V2 mar = 23:"1—_'_""1";01"1[1—{("_,_]) -
y n n-—1
=‘\/28‘nflp'v'[I—n+1]=‘dzg‘n—lplv’(n+l)

3 n
Le. (Va)par = V2gc;-:-l— Pivi -(18,

This 1s also found to be dependent on the initial conditions of the steam only.

The variations of mass flow, steam velocity and specific volume of steam with respect to the ba
pressure for a convergent-divergent nozzle is shown in Fig. 18.3.
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Fig. 18.3. Theoretical- form of nozzle assuming a uniform rate of pressure drop Per cm length of nozzle.

It is obvious that the discharge thrnug{l nozzle increases as the pressure at the throat of the nozzl
(p;) decreases, when the supply pressure p, 1 constant. But once tb‘e nozzle exit pressure
critical value given by the equation (18.6), the discharge reaches a maximupm and after
and mass flow remain constant irrespective of the pressure at the exit.

P2 reaches the
that the throat pressurt



