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Lecture - 28
Examples on Turbine 1
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Tn a stage of an impulse turbine provided with a single row wheel, the mean diameter of the blade ring is 800 mm and the
speed of rolation is 3000 rpm. The steam issues [rom the nozzles wilh a velocity of 300 m/s and the nozele angle is 20°,
The rotor blades are cquiangular and the blade friction factor is 0.86. What is the power developed in the blading when the
axial thrust on (he blades is 140 N? Il e
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We will see the next example. It reads that a single stage, in a stage of an impulse turbine
provided with a single row wheel, the mean diameter of the blade is 800 mm and the speed of
rotation is 3000 rpm. The steam issues from the nozzle with a velocity of 300m/sand the
nozzle angle is 20 degree. The rotor rotates, the rotor blades are equiangular and the blade
friction factor is 0.86. What is the power developed in the blading when the axial thrust on

the blade 1s 140 Newton?

So, in this example, we know we are given with the rpm, so we can find out V, which is

%. This is mean diameter and this is given, so mean diameter is given to us, so for that we

can write down 3.14 X mean diameter is0.8 x 3000

. So, this gives you V, as 125.6 m/sec. In

the example, this is told us that velocity is 300 m/sec and nozzle angle is a is 20 degree.



V,sin|a
So, we can find out using our formula for f in terms of V and a. So, tanBzvl—tJ)—Vb.
,cos (a

300sin (20
% 300 cos (20 CS::((ZO])_HS'G and then that is 0.656 and this gives us f=tan ' 0.656and we get

Bis33.3degree. Now, we can make use of this beta to find out V,  since we know

V,sin|a|=V,,sin(B,)

V,sinla]

sin(, )

So, this gives us V, = and this gives us V,;=187m/s, it is told to us that friction

r2

. =0.86, so V,,=0.86V , and so we have V,,=161m/s. Now, we know
T

factor is 0.86, so

that power developed is, we are given with axial thrust T, and this axial thrust for rest is

mAv,.

So, for AV ,we know we have to make V.,sin (B,)-V,,sin (B,) but blades are equiangular,
so B,=PB,. So, what we can write Ta=anrISin(ﬁl)—VrleSiH(ﬁz),BFBl. So, we have
T,=mV,sin (B,)(1-K,). So, that we can make use of it but here left hand side is known to

us and this is given as 140 Newton.

So, 140mV,, which is 187sin (f,) which is 33.3°(1-0.86) and this gives us rn which is
9.74 kgl sec. Now, we can make use of it since our objective is to find out power developed
and we need for power developed m dot and which we have found out. So, power developed

ismAV V. So, we can make use of it.

So, this is r is M AVWV”COS(VﬁlHVrZ COS(B2)Vb. So, we know again we can make in terms
of K,, so V,,cos (B1)+Ker1cos(B1)Vb, S0 it is mVr1C05(31)- 1+K,V,. So, power developed
is equal to Power=9.74 x 187 cos (33.3)(1+0.86)x 125.6 and this gives us answer as
355.84 x 10° Watt and this is equal to 355.84 kilowatt.

So, this is how we would have solved this example where we were given with the axial thrust
and then we were making use of it to find out the mass flow rate.
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The angles at inlet and discharge of the blading of a 50% reaction turbine arc 35° and 20°, respectively. The speed of
rolation is 1500 rpm and al a particular siage, the mean ring diameler is 0.67 1m condition is al 1.5 bar, 0.96
dry. Tistimatc (a) the required height of blading to pass 3.6 kg/s of steam, and (b) the power developed by the ring.
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We will move ahead to the next example which states that the angles at inlet and discharge of
the blading of a 50% reaction turbine are [ are 35° and 20 °respectively. The speed of
rotation is 1500rpmand at a particular stage, mean ring diameter is given as 0.67 meter. The
steam condition is at 1.5 bar, 0.96 dry. Estimate required height of the blading to pass 3.6 kg

per second of steam and power developed by the ring.

Here, the very first thing which is given to us is degree of reaction which is A=0.5and we
know fB,=a Af;=6or what we say if we name «, and «, then ,=a,and ;=a,and this is
given to us, so we are told that ,=35° since it is at the inlet so this is equal to § and

B,=20=a.

Having said this, we should proceed, we are told that the mean diameter at the height is 0.6

meter and speed is 1500. So, VbZ%,S.M x 0.67 % 1500

,soV, for us is 52.62 m/s. Now,

for this example to solve we can make use of the triangle law or sin law for the triangle where

we are having this as V', and this is V,; and this is a and then this is f3;.

This is B, so this will be 180—f3; and for us B, is 35, so 180 —35 is this 180 —35and then this
a is given to us as 20° . So, using this we can find out rest of the things. So, we have this
angle as 145, so this angle is 145, this is 20. So, it tells us that this angle is 180 —145+20and
this angle that is why it becomes 15 °. So, this is 15° angle, this is V', and thisis V.



So, what we have is « is the angle across which we are having side V., =15° angle is this

and for which across which side is V, and this angle is 145 °and for which side is V';. So, we

1 — Vb — Vrl
sin(145) sin (15) sin(20)

can write down this, we can make use of this and write down

So, having said this, we can make use of this first and find out V,.

V,sin(145) o o
So, VFW. So, we can get V, from here as 116.6m/sec but it is A50%so this is
sin
V,sin|20
equal to V,, since we know V,=V ,,and then we can find out V,, from here as —>———— 1( 1(5) | and
sin

this gives us V., as 69.54 m/sec but this is equal { V, since for 50% reaction V=V,

Knowing this, we can find out AV and AV, =V, cos(B,)+V.,cos (B,). So, V., we are
knowing now which is Vrlcos(Bl)+Vr2isbasicallyV2 and cos|a|=sorry,V,.,=V cos (a).
So, we can either of them we can use and then we can find out AV /A AV, for us becomes

166.56 m/sec. Now, we know that we are supposed to find out the area.

For area, we can use formula for m mass flow rate is basically density into area into velocity.
So, we can make use of this by the fact that it is equal to area into velocity divided by specific

volume where we can write down area as D into which is mean diameter over here into h of
the blade height of the blade, this is area into velocity, velocity is V, axial velocity divided by

specific volume.

So, for this formula to use where we can find out h, we need V, and specific volume.
Specific volume can be found out from the state that it is at 1.5 bar and x=0.96 and this gives
us V, at that stage as 1.114 m’/ kg from the steam table. So, once this is known, we can make
use from the fact that V,=V sina. So, this formula can be rearranged and it can be written as

h,=rm x specific volume divided by nDVa which is m since ris 3.6.

So, we are knowing that 3.6 specific volume is 1.114, 7 is 3.14, D is given to us as 0.67V,

and V, is 116.6sin (20) and this gives us h, which is basically 0.047 meter which is 47 meter,



so 47 mm. So, this is how we can find out first part which is height of the blade. Now, we can

find out power developed, power developed is equal to mAV V.

And AV, is found out 116.56, so 116.56 and V,is also known 52.62, so we have this answer
of power developed will be 31.55 x 10° Watt. So, power is equal to 31.55 kilowatt. So, having
said this we found out both power developed and the height of the blade. In this example,
point to be noted that we were not given with any velocity like V, or V ;. We were given
with only one velocity but we were given with 2 angles then we made use of the sin law of

triangle and found out required things.

(Refer Slide Time: 18:06)

The speed of rotation of a blade group of a 50% reaction turbine is 3000 rpm. The mean blade speed is 100 m/s. The
velogity ratio is 0.56 and the exil angle of the blades is 20°. 1f the mean specific volume ofThe sleam is 0.65 m'/kg and the
mcan height of the blade is 25 mm, calculate the mass flow of stcam through the turbine in kg/h. Neglect the cffect of blade
thickness on the annulus arga; ==

Il there are 5 pairs of blades in the group, calculate the useful enthalpy drop required and the diagram power.
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Then, we will go ahead with the next example which states that speed of rotation of blade
group of a 50% reaction turbine is 3000 rpm. Mean blade speed is 100m/sec, the velocity
ratio is 0.56 and the exit angle of the blade is 20 °. If the mean specific volume of the steam is
0.65m’/kg and the mean height of the blade is 25 mm, calculate mass flow of the steam

through the turbine in kg/sec.

Neglect the effect of blade thickness on the annulus area. If there are 5 pairs of blades in the
group, calculate useful enthalpy drop required and diagram power. In this example again
what we have is A=50% or 0.5 degree of reaction. So, we have f3,is ta AB;=6 or a, as per
the sign convention and then we are also given with the fact that velocity ratio is 0.56 is the

vy

new thing which is
v,

is velocity ratio and that is given as 0.56.



Further for 50% reaction, we have V.=V, and V,=V .,. So, let us solve this example. We

can basically make use of the fact that we are told that mean blade speed is 100 m/sec. So,

\% ) C
——-0.56, so we can make use by saying V.= Vs _ 100 which 1S 178.57m/sec but as the

v, 0.56 0.56

fact goes we have V,=V ,, so V, is also equal to 178.5751%.

Now, we can find out V. basically needing mass flow rate to be calculated. So, for that we
will need as we know mass flow rate is equal to density into area into velocity. So, for this
area to calculate, we need diameter since density can be replaced by 1 upon specific volume

and then area is 7 diameter into h, into velocity which is V. So, here we need diameter and

. N .
that diameter we can find out from V,=n D %0 and that V,is 100,

3080 equal $ 100. So, we

. .2 . .
So, we have D diameter is — meter since we have DN is given as
T

have D is 2/m meter. Having said this, we should proceed and then find out m=¢( nDh,V,

divided by specific volume and that specific volume is given as 0.65, so we have m,

Dzzhb,hb is given as 25 mm, so 25 1972
s

And then V, is Vsin («) divided by specific volume which is 0.65. So, m we can make use
since we can make use of all these things and we have basically given that blade angle at the
exit as 20°. So, we are given as 3, as 20 ° but that is equal to a. So, ais20°, V' is calculated,

_178.57sin(20] .
- 0.65

so we can make, so 2/, 7 gets cancelled. So, we have 2 x 25x107°, V, nd

this gives us  as 4.69kg/sec.

And now we are going to find out other things enthalpy drop. So, for that first find out beta

, _ V,sinla|
since we know tan ( 31) = V—() -V, So, we know
cos (a



V,178.57sin|20]
178.57 cos(20)

~V,AV,=100m/sec. So, this gives us B,=42°. So, having this we can

V ,sin|a|

sin(p,)

make use to find V,,and V=

So, we have V,,=91.25 %. Here, basically we are using V,,=V,sin (a)=V,,sin (B,) and

V,sin|a| .
. So, we can write down Ah

sin(p,)

moving blade, there is enthalpy drop in the moving blade and we know in case of reaction

then in this process of equation we are getting V,,=

turbine, there is enthalpy drop in the moving blade.

And in impulse turbine, there is no enthalpy drop in the moving blade since there is no
enthalpy drop in the impulse turbine and in case of frictionless flow, we have V.=V ,.
Relative velocity does not change but in case of reaction turbine relative velocity changes, so

there is increase in relative kinetic energy which is basically due to change in enthalpy in the

. PR g 1,,.. ,
moving blade so it is E(V(,cr22—Vfl)o which is equal to E(Vcc r2-v, )(v,,+V.,)i.

So, we know V., and we know V, that is equal to V,, since we have said here. So, Ah
moving blade is equal to 11.78kj/kg. So, we have A h complete stage is equal to A h nozzle or
fixed blade plus A h moving blade but we are told that it is 50% reaction, so it is 2 Ah moving
blade so it is 23.56 kj/ kg. So, there is A h total since it is told that there are such 5 rings.

So, 5Ah stage, so we have Ahis117.80kj/kg. So, we have basically power developed is
equal to m A h total and we know r is 4.69. So, 4.69 x 117.8 and this give us 553.4 kilowatt.

So, this is how we would have made use of the new things what we understood over here is

Vv
this that the velocity ratio is Vb and we also should remember that change in relative kinetic
1

energy or increase in relative kinetic energy is enthalpy drop in the moving blade, this also
we have made use of.

(Refer Slide Time: 28:25)



At a certain point in a 50% reaction turbinc the steam leaving a moving blade row is at (.5 bar, 0.90 dr. The stcam flow
rale is Tkg/s and (he turbine speed is 3000 rpm. Al entry (o the moving blade row, the axial velociTy ol Tlow is 0.7 times and
at exit from the row 0.75 times the mean blade velocity. The exit angles of both fixed and moving blades are 20°,
miom and the height of moving blades at exit is 1/10 of the mean diameler. Determine the
height of the moving blade at exit and the power developed in the blade row.
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So, now we will go ahead with the next example which states that at a certain point in a 50%
reaction turbine, the steam leaving a moving blade row is at 1.5 bar and 0.9 dry. The steam
flow rate is 7 kg/sec and the turbine speed is 3000 rpm. At entry to the moving blade row,
the axial velocity of the flow is 0.7 times at the exit from the row 0.75 times the mean blade

velocity okay.

The exit angles of both fixed and moving blades are 20 ° measured from the plane of rotation
and height of the moving blade at the exit is 1/10 of the mean diameter. Determine the height
of the moving blade at the exit and power developed in the blade row. So, in this example we

are again told that A=50%=0.5. So, =, and $,=6.V =V, and V,,=V,.

Further we are told that the angles are 20°, exit angles of both fixed and moving blades are
20° that means 3,=a =20 ° and this is what it is given, so we can make use of the known fact
of (()) (30:14) that axial velocity of the flow is 0.7 times the mean blade velocity. Axial
velocity is V,,=V,sin(a) and that is equal to 0.7V, and it is also known that and axial

velocity at the exit of the row is 0.75 the mean blade velocity.

So, we are knowing Va2:VZSin(6]:0.75 V,. Further, it is told that ris7kg/sec. So, we

know m is equal to area into specific volume into velocity. So, we have mnD h, in



to specific volume into velocity which is V,sin (&) since we are told that properties are at the
leaving state, so we are given with V, and this area is also at the exit, so that is where we are

using axial velocity at the exit.

And this is axial velocity, so we have m dot is equal to basically 7=nD h, but for h, it is told
that height of the moving blade at the exit is 1/10 of the mean diameter, so D/10 into specific
volume at exit we can find out from this state which is 1.5 bar and 90 dry. From the steam

table if we find out, we will get V is1.045 V,sin(S|AV,sin (§) is also known as 0.75V,.

So, this is what it is told to us but further V, we know it is equal to mtDN/60. So, this also we

3000
60

can keep here and then we will have 7=nD X 1—% x1.045 x0.751nDN and N is given as

So, here we know everything except D, so this becomes an expression of D? so we get

basically p* which is 0.1976. So, we get D as 0.528 meter.

So, we got diameter or we basically got mean diameter at the exit. Knowing this mean

diameter, we can find out V, which is 7DN/60 so which is m0.582 x 3280

and this is

91.42m/sec. So, we have AV =V, cos(B,)+V,,cos (B,) but in general we can write this
expression however in case of 50% reaction, the same expression can be written as

2V, cos (a)-V,.
So, having said this we know now everything and we can find out AV, from here and so we
have AV ,=260.2m/sec where we are going to make use of the fact that here we need to

vy
sin (a)’

know V, and this is basically found out from this expression which says that V,=0.7

So, this we can put over here and then find out AV .

And once AV, is known, we can found out power since power is equal to mAV V. So, we
get power which is also called as diagram power as ris7,AV  is260.2 and V,is91.42, so we

get 166.52 x 10°. So, it is in Watt which is equal to 166.52 kilowatt. So, in this example, we



saw that in a 50% reaction turbine, we can convert with the given constraints of the velocities

at the exit or at the inlet.

And then find out first the expression for diameter and then make use of that to find out the
necessary things.

(Refer Slide Time: 36:52)

A steam turbine is to operate between 150 bar,600°C and 0.1 bar. The bucket velocity is limited to 300 m/s and the average
nozzle elliciency is expected Lo be 90%, excepl for impulse stage [or which it will b@ Nozzle angles will be assumed
as 15° for impulse stages and 25° for reaction stages. All stages operate closc to the speed of maximum cfficiency. Fstimate
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\/5. all 50% reaction stages

¢ a 2-row Curtis stage [ollowed by simple impulse stages
. A2-row Curtis stage followed by 50% reaction stages .

= hsrxarhig
Sz ank g KW

D) 1yz 095 =t
Vis j",‘) 9’\:\' xhhIL
V':g 637 (35923 -211%9) LA

V= cheml)

) o 5 o)
L“____ggyzg (5115 S.=6677¢ BIIglc V- 2 3

: hr:_D 51125._,:}1:_ o104

We will move ahead to the next example which states that a steam turbine is to operate

between 150 bar, 600°C and 0.1 bar. The bucket velocity is limited to 300 %. average

nozzle efficiency is expected to be 90%, except for impulse stage for which it will be 95%.
Nozzle angles will be assumed as 15° for impulse stage and 25° for reaction stages. All

stages operate close to speed of maximum efficiency.

Estimate number of stages required for each case of the following arrangements. All simple,
al 50% reaction, a 2-stage Curtis followed by a simple impulse stage, a 2-stage Curtis
followed by 50% reaction. So, in this we will go ahead and see in this example, if we try to
plot the T-s diagram, then we are told that this stage is 150 bar and 600 °C and this state is

given to us as 0.1 bar.

So, we can make use of these 2 states to find out the total enthalpy drop. So, for that let us
find out this state as 1 and state as 2 okay but here we should remember that it will have 2

dash and 2 since the efficiencies are different and they are not 100%. So, in this let us find



out h; which is corresponding to 150 bar and 600 degree Celsius, it turns out to be

3582.3kj /kg.

Similarly, at the same state we will note down enthalpy which is 6.6776 kj/kgK and then we
can note down h," since for h," we are using the fact that s,=s, and this gives us the x,’
which is the dryness fraction at state 2dash which is inside the dome which has equal

enthalpy as 1 and that gives us X, " as 0.804 and this we can make use to find out h," which is

he+x,h;, at0.1¢.

So, we get h'2:2114.9kj/kg. Knowing this, we can solve first example where all stages are
impulse. Now, for impulse stages, the nozzle efficiency is given as 0.95 which is 95%, we

can find out V; from here which is square root of nozzle efficiency into A h isentropic or Ah'

and into 44.72. Now, V,=0.95,h,=3582.3—2114.9 x 44.72.

So, for us V,=621.2m/sec. We have to keep this point in mind; we are writing this Ah in
kjlkgthat is why we have 44.72 as a number which is outside the square root. So, we get
velocity in meters per second but we are told that all the stages were close to optimum, so we

Vs

have 72

in case of impulse turbine as cos(a)/2, so which is equal to cos(15)since it is given

15 °for impulse stages cos(15)/2.
(Refer Slide Time: 42:23)
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And then this gives us V;, so we will start the example with first part where all the stages are

impulse and for all the impulse stages we can make use of the fact that we are having

%: Cosz(a)since it is told that this close to optimum condition. So, we have
1
V.=V, x 2 . So, V, and we are told that V', is 300 m/sec, so 300 X ———.

cos (a) cos (15)

Angle is given as 15°, so we have V,=621.2m/sec. Now, we can make use of V to find out
stage enthalpy drop since V', is equal to nozzle efficiency into A h stage into 44.72. So, we
can say that V,; which is 621.2=0.95Ah stage into 44.72 and this gives us Ah stage as
203.1kjl/kg but we have total Ahis=h,—h," and this is equal to h,is3582.3 minus we have
h," which is 2114.9, so we have A h total = 1467.4 kj/kg-

So, number of stages is equal to A h total divided by A h stage, so we have A h total divided
by Ah stage as 7.22. So, we have around 8 stages for impulse turbine. So, now we will see
for 50% reaction.

(Refer Slide Time: 45:05)
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So, for 50% reaction we know we are having Vzcos (ar), so we have V,= ( )upon
1 cos (a

which is equal to . So, this we can find out V,from here and which is 331 meters per

300
cos (25)



second. Again, we know V,=44.72V Ah stage divided by 2 into nozzle efficiency. Here we
are dividing it by 2 since half of the enthalpy drop of the stage takes place in the nozzle.

So, that will be giving us V; velocity and half will take place in the moving blades, so which

was complete Ah in case of impulse that become A?hfor the 50% reaction and then this is

equal to 331, so we can get Ah stage from the known data for 2-stage is 115.34kj/kg. So,

number of stages equal to Ah total divided by Ah stage and this gives us 146 which is

115.34

equal to around 13 stages.

Now, we will see a 2-stage Curtis followed by impulse but for 2-stage Curtis in case of

Vv
optimum we know 7”: COSZ(O(’) x 2. So, this is for 2-stage, so this is basically %(0()' So, we
1
V, . 30 S o
have V,=4 ———and then this is equal to 4 X ———— since it is 15° given in the example.
cos (a) cos (15)

So, this is 15, so for that we get V', as 1242.4 m/ sec.

So, we have V,=44.72x+yAh_xn; and so we have basically Ah stage from here we will get
A h, 857.58 kj/kg since we know n; is 90% and then we have 44.72 known, V/, is known 1242

and this gives us A h stage. So, we have number of stages is equal toA h,,,,/Ah,.

So, it is equal to A h total as we know basically A h total is equal to 1467.4 and then we want
to 1 stage of velocity compounded Curtis turbine, so what we will do, we will subtract from
here 857, so we will have A h only impulse simple impulse is equal to 1467.4—857.58, so we
have 609.8. So, this is the enthalpy drop if we use all the stages after the 2-stage Curtis as

impulse.

So, we have to find out number of impulse stages. So, number of impulse stages is equal to
A h total for impulse divided by A h stage for impulse. So, we have 609.8 and we have found

out A h stage for impulse is equal to 203.1. So, this is 203.1 so we have around 3 stages. So,



once stage Curtis or rather 2-stage Curtis will be followed by 3 stages of simple impulse

turbine where we would be needing 8 stages of simple impulse.

Now, last we will solve for row of 2-stage Curtis and 2-stage Curtis we know 1-row or 2-
stage Curtis, so we have to find out A h reaction is equal to this 1467.4—857.58 and this gives
us again 609.8 and we know 1-stage of reaction has 115.4 so number of stages of reaction is
equal to A h reaction total which is this divided by A h stage reaction stage and this is equal to

609.8
115.34

So, we have 5.28 which is around 6 stages and we need as 50% reaction turbine. So, this is
how we have seen that if we are having fixed boiler condition and fixed condenser condition,
so for that how we would have different number of stage requirement for the different kind of

turbines.



