MODULE -4 STEAM NOZZLE

*» One-dimensional steady flow of steam through a convergent and divergent nozzle

+» Metastable flow.



Introduction

*»Steam nozzle is a device of varied cross — sectional area in which the heat energy of the
steam Is converted into Kinetic energy.

“* Mass flow rate is remains constant
“*Types of Nozzle (a) Convergent (b) Divergent (C) Convergent-Divergent Nozzle
s Applications of Nozzle:
(i) Steam turbines
T I Eirggaure =0 g
(ii) Gas turbines o \/ igh
(iii) Jet engines Gases Soees

- T Subsonic SUpersonic —

(iv) Flow measuring devices —
(v) Fuel injection _/\

(Vl) Spray paintingS etC Convergent Section Divergent Section
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STEAM NOZZLE-CFD results
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ROCKET NOZZLE-Pressure velocity variation
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Liquid Rocket Engine

Combustion

V = Velocity
m = mass flow rate
p = pressure

NOZZLE EXTENSION

W= (7S Ve + (pe'po) A,
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Steam Flow Through Nozzle

Applying steady — flowenergy equation
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Fig 19.2 A convergent-divergent nozzle

Note :
(1)if 'c,'Is given
C, =+/cZ +2000 (h, —h,)




Mass Flow Rate of Steam Through Nozzle
_AG,

m=p,AC, = v
2

N
where, ¢, = \/ZX(h1_h2) and h, —h, :E(plvl_ P,V,)
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Maximum Mass Flow Rate of Steam

= 2 o N
n n N . Throat -
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2  \n-1
& = (—1 Note:
n+ i :
Py  The maximum mass flow rate is depends only on the
Initial condition of steam (p,v,) and the throat area. It is
Independent of final pressure of steam (i.e.) at the exit of
o ( 2 % the nozzle.
m_.. = AN L ( j « The addition of divergent part of nozzle after the throat
v, \n+1 does not affect the discharge of steam passing through

the nozzle but it only accelerates the steam leaving the
nozzle.



Maximum Mass Flow Rate of Steam

1
= [o]
Crmax \/ (n+1) PV

Index (n)value and pressure ratio for different conditionof steam

()Wet steam: n=1.035+0.1x; P _ 0.582
Py

where, X = Initial dryness fraction

(11) Dry saturated steam :n =1.135; P _ 0.573
Py

(111) S uperheated steam:n=1.3; P _ 0.546
Py

enthaipy (K Vkg)

(iv) Air:n=1.4: 22 — 0,528

Py

3500‘
=
?.‘)00'
?.000‘

1500

antropy (kJ/(kg K))




Effect of Friction In Nozzle

Actual heatdrop  h —h,,
Isentropicheatdrop h, —h,,

I =

h 4 Isentropic Py
process 1 1

(1) Reduces the exit velocity hi[~

(i) Reduces the efficiency of nozzle by reducing
the available enthalpy drop

(i) It improves the quality of the steam
(iv) Specific volume of steam increases

Note : has
(i)Convergent part no frictionloss
(i) Frictional loss at divergent part of nozzle

c, =44.72,/(h, —h,,)
c, =44.72\/n (h —h,)  h—kJ/kg




Numerical on Steam Nozzle

1. Steam expands isentropically from the state of 8 bar and
250°C to 1.5 bar in a convergent nozzle. The steam flow rate
IS 0.75 kg/s. Find (a)Velocity of the steam at exit (b) EXit
area of nozzle.

Givendata:
: ToFind :
Expansionof steamthroughnozzle
P — 8bar (a)c, =44.72/(h, —h,) (m/s)
T, = 250°C = 523K (b) A, =2 (m2)

C
P, =1.5har ’

m=0.75kg /s



Numerical on Steam Nozzle

Solution: e
From Mollier chart, the propertiesof Steam

Statel:Steamat p, =8bar and 250°C
h, =2940kJ / kg

erthalpy (k Vkg)

State 2: Steamat p, =1.5bar
h, =2620kJ / kg
(a)c, =44.72,/(h, —h,) =800 m/s
mxv, 0.75x1.2
b j— 2 ju—
04, C, 812
from Mollier chart,v, =v, =1.2m’ / kg

antropy (kJ/(kg K))

=1.108x107°(m?)




Numerical on Steam Nozzle

2. A nozzle is to be designed to expand the steam at the rate of
0.10 kg/s from 500 kPa, 210°C to 100 kPa. Neglect inlet velocity
of steam. For a nozzle efficiency of 0.9. Determine the exit area of

the nozzle.
Givendata : ToFind :
Expansionof steamthrough nozzle Exit areaof thenozzle (A,)
m=0.1kg /s
P, =500kPa Exit Area (A)) =12
T, =210°C = 483K %
P, =100kPa SR
=0 Ahg, b -h,

v =0.9



Numerical on Steam Nozzle

Solution:

From Mollier chart,the properties of Steam

Iy 1 "D(’(.k‘.:l
4k

2877 kJ/ka k-- it~ 210°C
Statel:Superheated steamat p, =500kPaand 210°C | ] ’
h =2877kJ /kgand s, = 7.1039kJ / kg — K :

100kPa

State 2 :Wet steamat p, =100kPa

2580 kJ/kg

h,, =2580kJ /kgand s, =7.1039kJ / kg — K

> S



Numerical on Steam Nozzle

Ah_ =h —h,_ =297k /kg 2677 kb 4 e

Ah . =n,Ah_ =267.3kJ /kg /t)}%
2580 kd/kg| —mmmmmmmmmc . °  on

Actual enthalpy at state 2 0 7.1039 g

h, =h, —Ah,, =2609.7k] /kg



Numerical on Steam Nozzle

A , 500 kPa

- - m X V s ‘\ | = ’ |
(I)Exit Area(A,) = 2 2877 ki/kg f-~- /1 210°C
C, | \

On Mollier chart locatethe inter sectionof p, & h, | /:/%m%
\
2s

Atthis point, we get
v,=15m’/kg and x, =0.97

V&R0 k. I/ i 2'
2580 kJ/kg| —===m—mmm— 0971

c, =44.72,[ah =44.72.[n Ah_ =731.14m/s

Isen

mxv, 0.10x1.645
C, 731.14

LA = =0.225x10"°m’



Numerical on Steam Nozzle

3. Dry saturated steam enters into nozzle at 12 bar and exits at 1.5
bar. If the dryness fraction of exit steam is 0.95. Find (i) Exit
velocity of steam (1) Exit velocity of steam If 12% frictional loss

(il1) percentage reduction in exit velocity (iv) Exit velocity if
Initial velocity i1s 135 m/s.

Givendata : To F'_nd :

Expansion of steamthroughnozzle (1) € tenropic

Pl =12bar (ii)CZ—ActuaI d If I = 88%

" =1.obar (ii) % reduction = Z2-ten ~Co-se 90
c,=135m/s Ca-1sen

1y =88% (iv)c,,if ¢, =135m/s

X, =0.95



Numerical on Steam Nozzle

Solution:
(I) CZ—Isentropic = 4472\/(h1 o hz)

From SteamTable
At p, =12bar;
h = hg =2782.7kJ [ kg

At p, =1.5bar;
h, =h; +xh;, =467.1+0.95x2226.3 = 2582kJ / kg

Co-tsentropic. = 44.72\/(h, —h,) =633.41m/s



Numerical on Steam Nozzle

(1) Cy_pya - 1T 77 =88%

Cy pq = 44720, (0, —h,) =594.187m /s

(iii) % reduction = Comtsen ~Cppax _ 03341759419 x100 = 6.19%
C, 633.41

—Isen

(iv)c,, If ¢, =135m/s
Cyieon = \/C2+2000(h, —h,) =647.65m/s




Numerical on Steam Nozzle

4. Dry saturated steam at a pressure of 11 bar Is expanded in a C-D nozzle to 2 bar.
Mass flow rate of steam through the nozzle is 15 kg/s. If the flow Is isentropic,
calculate

(1) Velocity at throat

(i) Exit velocity of steam ToFind :

(111) Area of throat N B

(iv) Area of nozzle exit (¢, = 44'72\/hl h, (m/s)
Givendata: ()¢, = 44'72\/hl —hy (m/s)
Expansionof steamthroughnozzle (iii) A, = mx\v, (m?)
P =11bar C,

P, =2bar _ mxV, ,
m=15kg /s (V) A = C, (m?)




Numerical on Steam Nozzle

Solution:
From Mollier chart
Atp, =11bar = h, =2785(kJ / kg)

n n

&:(Lj“l = p, = plx( : j”l =6.35bar (.'n=1.135)
p, \n+l n+1

Atp, = 6.35bar = h, = 2680 (kJ / kg),and v, =0.35m" / kg

Atp, = 2bar = h, = 2490 (kJ / kg),and v, = 0.8m° / kg

(i)c, =44.72,/h, —h, =458.2(m/ s)
(ii)c, =44.72,/h,—h, =768.09(m/ s)



Numerical on Steam Nozzle

(i) Throat Area (A,):

~mxv, 15x0.35

— 0.011457 (m?) =114.57 (cm?
& c,  458.24 (m*) (em’)
(iv)ExitArea (A,):
p, =MVs _15X08 4 6156 (m2) =156 (cm?)

c, 768.09



Metastable flow

» Generally, when the superheated steam expands in the nozzle, the condensation
will occur in the nozzle. Since the steam has more velocity, the condensation will be
very slow.

» So, the equilibrium between the liquid and vapor phase is delayed and the steam
continues to expand in a dry state. The Steam in such set of condition is said to be
supersaturated or metastable flow.

Super
salurated |
Zong

h Dry saturated

[
Wilson lina




