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Module No # 06
Lecture No # 27
Impulse Reaction Steam Turbine Performance

Hello I welcome you all in this course on steam and gas power systems and today we will
discuss impulse reaction steam turbine performance and we will focus on mainly parson
turbine because it is really mainly it is used as impulse reaction turbine. So gross stage
efficiency of parson turbine diagram efficiency of parson turbine will drive and then we will
do one worked example.

(Refer Slide Time: 00:58)

Now in a parson turbine there is a pressure drop in the nozzle and the stage as well that is
why there is a increase in specific volume in subsequent stages this also helps us in right. So
there is a increase in specific volume and subsequent stages delta H is also not constant in all

the stages mainly it keeps on increasing in subsequent stages of parson turbine.

The value of rho it also does remaining in constant for all the stages it also varies from stage
to stage that comes into the picture when we design the parson turbine. And mean diameter of
fixed and the moving grades is same for a particular stage that remains constant for a

particular stage.



So in a parson turbine i already explained that the nozzle inlet angle is equal to blade outlet
angle and nozzle outlet angle is equal to blade inlet angle outlet relative velocity is equal to
absolute velocity at inlet and relative velocity at inlet is equal to absolute velocity at outlet.
So these are the conditions for parsons reaction turbine we will start with gain.

(Refer Slide Time: 02:25)

In the kinetic energy moving blades in moving blades the gain in the kinetic energy is VR2
square - K square VR so instead of K square we will take five carry over coefficient 5 VR1
square by 2. So this enthalpy in blades stage in enthalpy blades is going to be VR2 we can

always write V1 square - 5 VR 1 square by 2 efficiency of the nozzle or efficiency of the

blade both are same.

Now here VRI1 square now let us draw the velocity diagram also because frequently we will
have to give the difference of velocities. In parsons turbine it is similar so this is blade inlet
angle, blade outlet angle, nozzle inlet angle, nozzle outlet angle right this is V1, VR1, VR2,
V2 and this is U now here VR1 in square. So VR1 square again it is V1 square + U square ok.

It is V1 square + U square - 2 U V1 cos alpha right. So now here we take out this V1 square 1
+ U by VI is rho. So rho in square - 2 rho cos alpha 1 because rho is U by V1 peripheral
velocity and is a ratio of peripheral velocity and the absolute velocity of steam which is

entering the turbine.

So delta H played is V1 square and we will put the value here 1 - 5 times 1 + rho in square - 2

rho cos alpha 1 divided by 2 efficiency of nozzle this is enthalpy drop in the blades and same



is the enthalpy drop in the nozzles we multiply this by 2 we will get the enthalpy drop in the
stage or if we remove 2 from here we will get enthalpy drop in a stage except for the first
stage.

(Refer Slide Time: 05:27)
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The gain in kinetic energy in each of fixed moving blade is V1 in square -5 V2 square by 2 =
V1 square — 5, VR1 square by 2 except for the first stage. So delta H in a stage is twice of this
so it is V1 square 1 — 5, 1 + rho in square - 2 rho cos alpha 1 divided by efficiency of the

nozzle ok.

Now we want to find the gross stage efficiency now for gross stage efficiency if you
remember efficiency for the gross stage need work and then change in enthalpy. Now in order

to find work we need will component of the velocity ok.

Component VW of the velocity is again will refer this figure we will refer this figure this is
will component VW right now this is several ways we will express it but we will take here as
V1 cos alpha 1 this will 1 cos alpha 1 - U + VR2 cos beta 2 right now we one cos alpha 1 we

will take as it is - U + VR2 can always be replaced by V1 in parson turbine.

So it is V1 again beta 2 can be replaced by alpha 1 so VW is this much or we can write 2 V1
cos alpha 1 - U work is VW U. So we will multiply this by U and we will replace U =rho V1
and when we replace this = rho V1 we will get V1 square 2 rho cos alpha 1 - rho square now
we will write the expression for gross stage efficiency for parson turbine the gross stage

efficiency is going to be V1 square 2 rho cos or we will write somewhere here.



V1 square 2 rho cos alpha 1 - rho square rho so gross stage efficiency is W by delta H per
unit kg so per unit kg of mass flow rate so this is divided by this and give us gross stage
efficiency right. And we can further suimplify this by just putting gross stage efficiency is
equal to efficiency of nozzle then this will be cancelled out right and divided by 1 - 5 divided
by 2 rho cos alpha 1 - rho in square + 5.

If you look at it here 2 rho - cos alpha one rho in square 2 rho cos alpha 1 - rho in square. So
if we take this minus inside it will become 1 — 5- rho in square + 2 rho cos alpha 1 - 5 we

have taken as one expression so 1 - 5.

So this is nothing but 1 — 5 + 5 2rho cos alpha 1 - rho in square right. So when this is
replaced by this 1 and when we divide numerator into denominator by 2 rho cos alpha 1 - rho
in square we get this expression. So this is the final expression for gross stage efficiency now
in this expression the gross stage efficiency is going to be the maximum in the case when this
has maximum value because efficiency of the nozzle is fixed this is fixed this is also fixed

only thing is remaining this.

So this has to be maximized or Z = 2 rho cos alpha 1 - rho in square this has to be maximized
with respective tho. So DZ by D rho =2 cos alpha 1 — 2 tho = 0 or rho = cos alpha 1. Impulse
turbine it was cos alpha 1 by 2 if you remember here it is cos alpha 1 ok twice of that. So now
we can put rho = cos alpha 1 here now when we are putting rho = cos alpha 1.

(Refer Slide Time: 12:18)
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Efficiency gross stage is equal to efficiency of the nozzle 1 — 5 by 2 cos alpha 1 square - cos
square alpha 1 right + 5 and this will give gross stage efficiency as efficiency of the nozzle
cos square alpha 1 because this is going to be the cos square alpha 1 divided by 1 — 5, 1 - cos

square or cos square alpha 1 by 1 - 5 sin square alpha 1.

This is the gross stage efficiency of impulse reaction turbine and parson type it means if we
know the blade inlet angle we can find the gross stage maximum gross stage efficiency right
and of course we too have the value of the efficiency of the nozzle or efficiency of the blade

stage.

After gross stage efficiency we will write blade efficiency or diagram efficiency both are
same right for blade efficiency we need work and kinetic energy at inlet. So first of all we
will calculate the work and then kinetic energy.

(Refer Slide Time: 14:06)
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So in parson turbine per kg of mass flow rate work is like other turbines VW U right and W =
V1 square 2 rho cos alpha 1 - rho square this we have already done in previous case right.
Now do it again so this is the work done we do not have expectation for kinetic energy. Now
the kinetic energy is the total energy = half V1 square the kinetic energy which is entering the

blade and change in kinetic energy VR2 square — VR1 square by 2 right.

So W we are taking as it is V1 square 2 rho cos alpha 1 - rho square right and total energy is
this much. Now here you can see that VR2 = V1 so we can always write half V1 square +

half V1 square - VR2 square by 2 so they are going to be added. So it is V1 square - VR1



square by 2 now VRI if you look at the velocity diagram this is V 1 VR1 U then this is beta 1
this is alpha 1.

So VRI in terms of V1 and U is going to be this is VR1 in square = V1 square + U square - 2
UV 1 cos alpha 1 right and same thing we will write here. So instead of VR1 square by 2 we
will write half V1 square + U square - 2 U V1 cos alpha one that is the total energy E kinetic
energy

(Refer Slide Time: 16:43)

Now after this we will write the total energy as V1 square by 2, 1 - rho e square + 2 rho cos
alpha 1. So this is the total energy which is entering the blade so the blade efficiency is going
to be ratio of these two and it is going to be equal to when we take ratio of these two this will
be cancelled out and we will get two blade efficiency 2 rho cos alpha 1 - rho in square

divided by 1 - rho in square + 2 rho cos alpha 1 right.

Now here also if you put rho = cos alpha 1. So maximum blade efficiency max is going to be
two times 2 cos square alpha 1 - cos square alpha 1 divided by 1 - cos square alpha one +2

cos square alpha 1 and this is going to be =2 cos square alpha 1 divide by 1 + cos square.

So this is the maximum efficiency of grade efficiency of parson turbine now here if we
compare the efficiencies of impulse reaction and impulse turbine then on the X axis if you
take Cos alpha 1. So the maximum efficiency for impulse turbine is like this here it is going

to be the maximum cos alpha 1 by 2 and this is cos alpha 1.



But here in this case reaction turbine it is going to be like this here it is going to be maximum
this is for the reaction turbine and this is for impulse turbine right now after this we will solve
we will do one worked example for parson turbine and not a parson turbine this time taken
this is not a parson turbine ok.

(Refer Slide Time: 19:41)

So we will do one worked example on this reaction turbine impulse reaction turbine a steam
flows the problem statement is the stream flows into the nozzle of the turbine stage of the
blades from the proceeding stage. So it is not the first stage right so the blades on the
preceding stage with the velocity of 80 meters per second and issues from the nozzle with the

velocity of 300 meters per second.

So 300 meters per second is the absolute velocity which is leaving the stage and 80 meters
per second is the absolute velocity with which the steam is entering and angle is 20 degree to
the wheel plane calculate the gross stage efficiency for the following data mean blade
velocity is 160 metre per second. So the U of the mean blade velocity 160 meters per second
so we will take them one by one.

(Refer Slide Time: 20:47)



y)

P
W= b0 wfs 0 L | Vi - di“".
\ dshie) 4 =
“n BIL}v;f
-;H\.]G‘i-‘lth = Ulq I_— = : ! }}E’HI\:
g‘T:HS’ 7l gwt{;
- ‘_3_\.‘[5' d 1"?”'
1 ? ¥ X e F'}r = _.,.:"'I"L/ﬂf:"
R P wf o
L - L3 -‘_-\ Je ;." 'I"S / 'f'l LA TS Y\
F‘/ z 50 ST [ -
¢ i | ' Ey
‘\< a n '|“ |
Z\:'Ir\hﬂ hlk I

' R olv. D8 ¥ UP3- -
—— iy ¥ m = =A T3 % :l‘l'
i!lr\ln' I‘P\ -:": - l'ﬂ’l ED‘EF ]3
U = 160 meters per second right and expansion efficiency for nozzle and blade is 0.9 carry
over factor that is 5 nozzle = 0.9 carry over factor is 0.75 degree of reaction is zero is not a
parson turbine. Because here the degree of reaction is0.3 it is a reaction turbine but it is not
parson reaction turbine blade outlet angle that is beta 2 = 30 degree as usual we will draw

first .

We will draw the velocity diagram this is V1, VR2, U, VR2, V2 beta 1, beta 2, alpha 1 and
alpha 2 right. Now delta H isotropic in nozzles = V1 square - 5 V2 by 2 into 1000 it is
efficiency of the nozzle here is figures V1 is how much 300. So it is 300 square — 0.75 into 18
square divided by 20.9 into 1000 and that will give 47.3 kilo joules per kg because mass flow

rate 1S not note.

Mass florate is not given here so we will take kilo joules per kg this is enthalpy drop nozzles
R is enthalpy drop in blades divided by enthalpy drop in nozzles enthalpy drop in blades or
enthalpy drops in blades is going to be = R by 1 - R delta H joules so here we have enthalpy
drop in the nozzle. So this enthalpy drop can be taken here R is given 0.3.

So R we will take from here and will get 0.3 divided by 1 — 0.3 multiplied by 47.3 and that
will give 20.3 kilo joules per kg that is the enthalpy drop in the stage. So here you can say
because the degree of reaction is less than .5 enthalpy drop in nozzles is more than enthalpy

drop in blades.



In fact it is more than two times enthalpy drop in nozzle is two times than enthalpy drop in
blades.
(Refer Slide Time: 24:24)
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So once enthalpy drop in the blade fix with us 20.3 kilo joules per kg once the enthalpy drop
in the blades is with us that is delta H b that = VR2 square - 5 VR1 square divided by 2
efficiency of the blades. Now here again we will take VR2 square, VR2 square is we will take
from here itself = 2 delta H b + 5 VR1 square from this expression we can get the value of
VR2 it is two times efficiency of the nozzles 0.9 delta H b we have calculated 20.3 + 5 is
0.75.

What about VR1? VR is not known to us but we have the value of VR1 square we will write
VRI1 square but VR1 is not known to us so what we will do we will take this triangle again
we have the value of U with us V have the value of V1 and we have the value of U we have
the value of alphal also this is 20 degree we have the value of alphal also at an angle 20

degree right.

So we will take VR1 square = V1 square + U square - 2 U, V1 cos alpha 1 now V1 is 300 +
Ul is 160 square - 2 into 160 into 300 cos 20 and that is VR1 square and then VR1 is 159.3

meters per second VR1. So VR1 is 1 59.3 meters per second.

Now VR1 we can use here and we can find the value from here we can take the value of VR1

and put this value here and then we can get the value of VR2 as 326 meters per second. Sorry



it is 325 meters per second now we have the value of VR2 we have the value of V1 and we
have the blade outlet angle beta 2 value also be the same now we can find the value of VW.
(Refer Slide Time: 28:04)

"I'JII.-\.I : ‘-.", .U_,‘_.-’i..- LA 4 Il‘ql"f]- Lur |I;':.

. I B (s 0
-2 gutdyo- o+ 2B WD

lq . Mwl d - \,
e it ==t & ey
0= ap

S | 6¢
= _2. I:;.Jr- 4 - - _I:‘:IJ_IJ‘?-.\-"
’ [\1__:«,.14- WL X

= 142%,

Now VW is will velocity will velocity is we can take V1 cos alpha 1 - U + VR2 cos Beta 2
this will give the will component. Now V1 is 300 cos 20 - U is 160 meters per second - 160 +
VR2 is 265 cos beta 2 now the blade outlet angle is 30 degree right. Now this will give the

value of will velocity as 326 meters per second and this is VW 326 meters per second.

Once we have the will velocity we can find the work multiplied this VW with U will get the
work and enthalpy drop in the stage. So gross stage efficiency it is going to be = VW U
divided by delta H. So 326 multiplied by one sixty divided by delta H is 20.3 this is delta H in
blades and delta H in nozzles is 47.3 multiplied by 1000 because this is in volts right sorry

this is in joules and so this is in kilo joules per kg.

So this gives the efficiency as 0.772 or the gross stage efficiency is turbine is 77.2 % right. So
this is all for today in the next class we will start with the losses in steam turbines thank you

very much.



