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23.1. Introduction

In a reaction turbine, the steam enters the wheel under pressure and flows over  * blades. 'Uw -
steam, while ghiding, propels the blades and make them to move. As 4 matter of [, [hg m.riune'
unner is totated by the reactive forces of steam jets. The backward motion of the bla.— 1s simitiar to
the recoil of a gun. It may be noted that an absolute reaction turbine is rarcly used in - ual practice

23.2. Parson’s Reaction Turbine

A 'Parson’s turbine is the simplest type of reaction steam turbine, and is cont only used. It
has the following main components : »

L Casing. 1tis an air-tight metallic case. in which the steam from the boil un;igt i In.plw
pressure and temperature, is distributed around the fixed blades (puide mechanism) in | “CasINg: Phe
casing is designed in such o way that the stcam enters the fived blades with a uniforn— elocity,

20 Guide mechanism. 1t is a mechanism,
made up with the help of poide blades, in the form of 4 p
wheel. This wheel is, penerally, fixed (o the casing. that E
is why these puiide blades are also called fixed blades. \fx_
The guide blades are properly designed in order to /

(a) allow the steam to enter the runner without
shock. This is done by keeping the relative velocity at
inlet of the runner tanpential to the blade angle.

() allow the required quantity of steam to enter
the turbine. This is done by adjusting the -openings of
the blades. |

The guide blades may be opened or closed by
rotating the regulating shaft, thus aHowing the steam to
flow according to the need. The regulating shaft is
- Operated by means of a governor whose function is to
govern the turbine (e to keep to speed constant at
Yarying loads). '

—_—
L] » . i - ;
A Rarson’s turbine is also known as 50% reaction turbine. (See Art. 23.8)
71
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3. lurbine runner.  The turbine runner of a Parson’s reaction turbine cssintiilu)’rcozﬁllﬂt“ of

- o : g ) 1 ) ades, hixed o the

runner blades fixed to a shaft or rings, depending upon the type of turbine. The blac the
runner, are properly designed in order to allow the steam to enter

mnd leave the runner without shock, as shown in Fig. 23.1. Casing |
. Y
The surface of the turbine runner.is made very smooth (0 > o K
AL Ve . . S .. Fixed| Movin »
minimise the frictonal losses. The turbine runner is, generally, cast ! 9 LR

) bladed blades
i one piece But sometimes, itis made up of separate steel plates
welded together. ?7'7?;"/ 777
. T~ Rotor

4. Draftiube. The steam, after passing through the run- ~2, 1

ner, flows into the condenser through a tube called dralt tube. It 2 %’ . ﬂﬂﬁ)}
may be noted that if this wbe is not provided in the turbine, then L mﬂﬁﬁ
the steam will move freely and will cause steam eddies. W, mﬁ““‘
233, Pressure and Velocity of Steam in a Reaction Turbine leed1 Moving
‘ , ) . ( Pades bhiades
[t will be interesting to know that the pressure in a reaction ol .
turbine 1s reduced in the fixed blades as well as in moving blades. Prowa N I \ére:;iuy
I he vcloqul_v of stcam 1s increased in the fixed blades, and 1s Ejr);;ph 2 \\\&B
reduced while passing through the moving blades. A \;1 :
Fig. 23.2 shows the pressure and velocity graphs of the -2 1 5 J

steam whilc 1t flows in the fixed and moving blades of a reaction
turbine. The pressure graph 1-2-3-4 represents steam pressure at
cntrance of the fixed blades, exit of the fixed blades, entrance of
the moving blades and exit of the moving blades respectively.
Similacly, velocity graph S-6-7-8 represents the velocity of steam at entrance of the fixed blades, exit
ot the fixed blades, entrance of the moving blades and exit of the moving blades respectively.

Fig. 23.2.  Pressure and veloc-
ity graphs ot a reaction turbine.

234, Comparison between Impulse Turbine and Reaction Turbine

Following are the [ew points of comparison between an impulse turbine and a reaction turbine -

| S. No. Impulse turbine Reaction turbine
| 1. The steam Mows through the nozzles and | The sicam flows first through guide
1 : impinges on the moving blades. mechanism and then through the moving
1 hlades. =t

2. The stcam impinges on the buckets with kinetic

The steam glides over the moving vanes with

L cnergy. pressure and Kinetice cnergy.

Ihe number of stages required are more for the
same power developed. - [

23.5. Velocity Triangles for Moving Blades of a Reaction Turbine

3 "Ihe steam may or may not be admitted overthe | “Ihe steam must he admitted over the whole
| ' whole circumference. ' circumference.
| 28 ’
i 4. .. ‘IMe steam pressure remains constant during its | “The steam pressure is reduced during its flow |
i Jlow through the moving blades. through the moving blades. !
k 5. The relative velocity of steam while gliding | The relative velocity of steam while gliding
| - over the blades remains constant (assumingno | over (he moving bludes.increases (assuming no |;
' friction). ' friction) : 1
| The blades are syn)melrical. The blades are not symmetrical, I'
; 7. |- The number of stages required are less for the
|

same power developed.

We have already discussed that in a reaction turbine, the ste
the moving blades from the guide mechanism. The jet then ghdes over the inside surface of 1he blades
ind finally leaves from the other edge (say D), as shown in Fig. 233, | may be noted thar lh:: jet
~nters and leaves the blades tangentially for shoiless entry and exit.

am enters at one end (say C) of

2 ww_btam?i = ———— — -
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. of the blades will be such that V_and V., will be along the tangents 1o the bl

Reaction Turbimes .t entering the curved blade (after ICaVIng lh“e fixed blal\u]
the form of a jet, enté at D, as shown 1n Iig. 23.3. Now,

and leaves the blade _ e
: let tips of the moving blade, as shown in I'ig. 23.3.
C S .

(onsider steam, in . o
4 C. Let the jet glides over the inside sur .lclt. |
let us draw the velocity, triangles at inlet and ou

P Vw ———

] E

B Inlat velocity triangle
ey

z-,

[ o
‘ Moving blade

L

£

D Outlet velocity triangle
1 [S B

& .

A . F
' “— Vo "“'*8 Viey l"—

Fig.23.3. Velocity triangles for a reaction turbine,
13

[.el V, = Linear velocity of the moving blade (AB).

V = Absolute velocity of stecam entering the moving blade (8C).

V= Relative velocity of jet to the moving blade (AC). It is the vectorial
difference of V, and V.

v:, = Velocity of flow at entrance (EC). It is the vertical componcnt of V.
V., = Velocity of whirl at entrance (BE). It is the horizontal component of V.,
o = Angle with the direction of motion of the blade at which the steam
enters the blade.
0 = Angle which the relative velocity of jet (V,) makes with the direction

of motion of the blade.
VoV Vi Vi Bo ¢ = Comesponding values at exit of the moving blade.

r

The notations with suffix I (i.e. V|, V_, Vs V,1) stand for outlet triangle. It may be noted that as the

W

steam enters and leaves the blades without any shock (or in other words tangentia

It may be seen, from the above, that original notations (i.e. V, vV , V/- V) Stunq forinlet triangle.

ly), therefore shape
ades at inlet and outlet
respectively.
The steam jet enters the blades along BC with a velocity (V) at an a
of motion of the blade. The axial componentof V (j. e, CE) which does no w
as -.'e{o'ciry f;fﬂuw (Vf): It causes the steam o flow through the blade and also an axial thrust on the
rc‘)tor..['hcrlmcnr velocity or mean velocity of the blades (V,) is represented by AB in magnitude and
dl!'r:C.UOﬂ. The !cnglh AC represents the relative velocity (V) of the stcam with rcspect‘tf; the b]z;d
The jet now glides over and leaves the blade with a relative velocity (V) which is represented b‘;
DA. The absolute velocity of jet (V.) as it leavec i (: i o
yofjet(V)) as it leaves the blade s represented by DB inclined at an angle
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{3 with the direction of blade motion. The tangential component of V, (represented by BF) is

. 3 k[’ll’]wr
as velocuty walurl atexit (V). The axial component of V| (represented by DF) is known as veloci
of flow atexit (V). '

Note : The inlet triangle of velocities is represented by BEC whereas the outlet triangle by AFD.
23.6. Combined Velocity Triangle for Moving Blades

in the last article, we have discussed the inlet and outlet velocity triangles separately. For thy
sake of simplification, a combined velocity triangle for the moving blade is drawn, for solviny
problems on steam turbines, as shown in Fig. 23.4, as discussed below :

. First of all, draw a horizontal .
line and cut off ABG equal to the velocity N 0
of blade (V,). 1o some suitable scale.

2. Now at B, draw a line BC at , Vi
angle u with AB. Sirlarly at A, draw a vi Vi
line AC” at angle O with EA mecting the
first linc at C. Now CA and CB represent
the relative velocity (V) and absolute ve-

i e Vw[ =

locity (V) of steam at inlet, to the scale fo - —— Vo

3 ALA, draw a line AD at an
angle & (such that & = ct) wath AR Simi-
larly ot B dgaw a hine B0 atanangle [¥ . .
(such that 3 = 0) with Afi meetng the first line at D. Now DA and DB represent the relative velocity
(V,,) and absolure velocity (V) of steam at outlet, to the scale.

Fip 234 Combined velocity triangle for
Parson's reaction turbine.

4. From Cand D draw perpendiculars meeting the line A# produced at f7and I,

S Now EF and CE represent the velocity of whirl and velocity of flow at inlet (V,and V)
(0 the scale. Similarly BF and DF represent the velocity of whirl and velocity of flow atoutlet (V,,
and V). to the scale.

Note : A careful study of the combined velocity diagram of Parson’s reaction turbine will reveal that it is
symmetrical about the central line Therefore following relations existin the combined velocity diagram ;

Vo=V, .V=V,.V,=V.EA=BF

f Il; r

'23.7. Power Produced by a Reaction Turbine

Consider a reaction turbine working under the action of steam pressure. Let us draw a
combined velocity triangle for the reaction turbine, as shown in Fig. 23.4. |
Let m = Mass of the steam flowing through the turbine in kg/s, and
(V_,+V,_ ) = Change in the velocity of whirl in m/s.
r

We know that according to the Newton's second law of motion, force in the direction of motion
of the blades,

Fy = Mass of steam flowing/second x Change in the velocity of whirl
m{V,~(-V,)] =m[V,+V_] = mxEFN A
and work done in the direction of motion of the blades
= Force x Distance = *+m (V_+V )V, = X EF x AB N-m/s . _ .{ii

Workdone per kg of steam = Vi, (2 V cos @ - V) .. Refer Chapter 24 Art. 24 4, page 548.
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Reactiont Tarbines
. ower plmlucéd by the turbine,
P=m(V + V)V, wats
Similarly, we can find out the axial thrust on the wheel, which is due to
of flow atinfetand outlet. Mathematically, axial thrust,

F, =

vy = Mass of steam tlowing /second x

Change in

m (VI— V”) =m (C‘E—DF) N

Note: Inequation (1), the value of V.., istaken as negative because of the opposite dir
(o the blade motion

23.8. Degree of Reaction

We have already discussed in Art. 23.3 that in a reaction turbine, the pre
in both the fixed and moving dlades. In other words, there is an enthalpy drop
moving blades as shown on fi-s diagram in Fig. 23.5. The ratio of the enthal,
moving blades 1o the total enthalpy or heat drop in the stage is known @
Mathematically,

Degree of reaction

Enthalpy or I1¢31l drop in the moving blades Hg=hs

Total enlluﬂpyor heat drop in the stage h —h,
The enthalpy drop i in the lixed blades per kyp of steam
is given by
vi- V“ ‘ hif———-
hy—h =
b 2000 s
' A py --p'/"'
and enthalpy drop in the moving blades, s
vy S by g
hy—hy = ——=— klkg
27T o000 e
-~ Total enthalpy drop in the stage, ==
Fig. 235, |
hy ~ h.‘. = (h, = hy) +{(h, = h,)
2_w2 2 _ut 2 _y?
Vi-vy V-V ~ 2(V:-V?) . .
= + = "0 " - (hy = hy) I/

2000 2000
. (. ForParson's reaction wrbin

We know that degree of reaction
hy - hy hy =1y,

I
hy—hy = 2h,—hy) 2

= 0.5 or 0%

Thus we see that a Parson’s reaction turbine is a S0 percent reaction tur!

: Example 23.1.  /n one Mngc of a reaction steam turbine, both the fixc.

hm'a inlet and owtlet blade tup anq!e s of 35" and 20° respectively. The mean |
mm’ the steam consumption is 22 500 kg per hour, Determine the power develo,
sisentropic heat drop for the pair is 23.5 kJ perkg.
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SOlu”m]' Given 6 - B = 553 : Q 516 20° : vh =80 Vs ;m= 22 500 ki;jh =06, 25
15 % %hy=23.5 klkg |

Now let us draw the combined velocity triangle, as shown in Fig. 23.6, as discussed below -

[. Firstof all, draw a horizontal
i and cut off AB equal to 80 m/s (V)
»some suitable scale.

2. Now at B, draw a line BC at
rangle o = 20°, with AB. Similarly, at
draw aline AC at an angle 8 = 35° with
- A meeting the first line at C.

3. AtA drawaline AD at angle
= 20° (because & = a) with AB. Simi-
tly,at Bdraw o line BD atan angle § = _
"7 (because [} = 8) with AB meeting lig. 236
o first line at 1,

Al.__ g0 ___T’B

Vw A VM——-&-I

4. From € and D draw perpendiculars meeting the line AB produced at £and F.
By **icasurement, we find that the change in the velocity of whirl,
(V,+V, ) =235m/s
We know that power developed in the pair,
P=m +V )V, = 6.25%x235x 80 = 117500 W

=117.5kW Ans.

Example 23.2. A Parson's reaction turbine, while running at 400 r.p.m. consiumés 30 tonnes;
/ steam per hour. The steam at a certain stage is at 1.6 bar with dryness fraction of 0.9 and the sragé}
cvelops 10 kW. The axial velocity of flow is constant and equal to 0.75 of the blade velocity. Fmd

can diameter of the drum and the volume of steam flowing per second. Take blade tip angles arm!&t
1d exit as 35" and 207 respectively.

Solution. Given: N = 400rpm.m-30|/h 833 kg/s ; p-—l()bdr x=09;:P=10kW
10x10°W;V,=075V,;8=$=35,¢ = a = 20°

Superfluous data

This value may also be found out from the geometry of the veiecity diugram sy discussed below :
v, Vsin 200 = 0.324G

Similarly, v,
0.3240 V

V,sin35° = 05736 V.,
05736V, or V=171V

I

V, = Vcos 20f = 09397 v ’
Similarly, V, = V,cos35°+80 = L, 102V + 80
0.9397 V = 08192 V_+80

or 09397(1.77V,) = 08192V, +80
1.663V = 08192V +80 |
0.8438V, = 80 or V, = 948 m/s
EA = V cos 35° = 94.8x0.8192 = 777
and r
(V.+V,) = EA+AB+BF = T17+80+777 = 2354 m/s
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" steam

Mean diameter of the drum

L.et D = Mecan diameter of the durin,

Now let us draw the combined veloeity triangle, as shown in i, 23.7, as discussed below :
Lo First of all, draw 3 horizontal

line and cut off AR cqual to S mm (o C

represent the blade velocity (which is e ) \‘C\‘“\., V
quired 10 be found our) Vi V\\\ ~._ .

2. Nowat B, draw a e BC at an ch " A "joi‘_\iz' L g
angle@=20"with AR Similarly at A, draw~ ©, Al ‘
ad line A C al an -IHEI’C 0= ‘:\Sn lll\l‘(‘[i]]zl ”“\ """' 2 mm
first hne at ¢ S e A Y

S AUA daw a line AD ar an
angle 0=20"with 45 Sinnlarly at B, draw Fig.217
aline 8D atan angle B = 35° with AL meeting the first line at .

<. From Cand D draw perpendicul

ars meeting the line AB produced at Eand F. e
By *me

asurement, we find that the change in the velocity of whirl.

(V.+V )= 735 mm

wl
Yot b 1

‘fh 25

ar vV + le)

!
J
!
|
|
o]
o
£

Il

294V,

We know thai the power developed (P), ‘

10X 10%=m (V, +V, )V, = 833 x2.94 VXV, = 24.49(v,)?
(V) = 4083 or V, = 20.2 m/s
We know that the blade velocity (V,),

TON  nDx400
6 60 "20'94_‘9

0963 m = Y65 mm Ans.

1202

D
Volume of steam flowins per second

I

From steam 1ables, corresponding (o a pressure of 1.6 bar, we find that specific volume of

. v, = 1,091 mYkg
o Yolunie of steam flowing per secomd
=mxv, = 833x09 x 1.09] = 818 m's Ans.
23.9. Height of Blades of a Reaction Turbine

We have already discussed that in o reaction turbine, the steam enters the moving blades over

the whole circumference. As aresult of this, the arey through which the steam (lows is always full of
stearn. Now consider a reaction turbine whose end view of the blade ring in showan in Fig. 23 8.

——————

It may also be found out analytically in (he same way as in the lastexample. Since the blade angles
t 1 ) "2 .
this example as well as in the lastexample are same, 1therefdre
i 2354
V.+V, ) e =——x25 = 73,56 mm
Vot v 80
7 www.Jntufastupdates.com
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l.et )

Diameter of rotor drum,

|

*h = Height of blades, and

/
\“

I

Velocity of flow at exit.
S Total avea available for the steam to (low,
) A= q(dyhyh

and volume of steam flowing = r(d+h)h V),

!
\\
\\ ~

We know that volume of 1 kg of stcam at the given
pressure is v (from steam tables). Therefore mass of steam  Fig. 23.8. Heightof blades for

i | reaction turbines.
Nowing, ) 5

m(d +h)h Vﬂ
m=——"—""Kg/s
v 4
.
If the steam has a dryness fraction of x, then mass of steam fowing,

i hV
Tt(c'f Fh) h Vl _ E‘im_.l_Jl kels

m=——"" =
xv XU,
g K

where d_ is the mean blade diameter and is equal to (d + h).

Note : In mostof the reaction turbines, the velocity of flow is constantatinletand outlet(i.e. V, = Vy). Therefore.
we can usc the value of V;instead of Vy in the above relation.

Example 23.3. [n a reaction turbine, the blade tips are inclined at 35° and 20° in direction
of motion. The guide blades are of the same shape as the moving blades, but reversed in direction.
At a certain place in the turbine, the drum diameter is 1 metre and the blades are [00 mm high. At
this place, steam has a pressure of 1.7 bar and dryness 0.935. If the speed of the turbine is 250 r.p.m.
and the steam passes through the blades without shock, find the mass of steam flow and the power
developed-in the ring of the moving Dlades.

Solution. Given: 0 = p=35;¢=a=20"d=1m h = 100 mm=0.1m;p=170bar:
x=0.935; N =250rp.m.

We know that blade speed,
- td+n)N _ wm(l+0.1)250

. V — = - = 5
: b 6Q 50 14.4 m/s

Now let us draw the combined velocity triangle, as shown in Fig. 23.9, as discussed below :
[. Tirst of all, draw a horizontal ‘
line, and cut off AB equal 1o 144 n/sto ¢ ' D
some suitable scale to represent the veloc-

ity of blade (V). VI Vi Vo

2. Now draw inlet velocity trian-
ple ABC on the base AB with o = 20 and E . AL 13 ]
0 = 15", — 144 —=
3. Similarly draw outlel velocity
g triangle AD on the same base AB with ¢ =
200 and [ = 35°, big:233
. 1,

-

haa vn + vl'fl

From C and D draw pecpendiculangto meet the line AB produced at £ and £,
‘h:tnr'f‘nlly l}u:. heipht of hlades is Lk en s k o, where & is a design constant, whose value is usually taken
\ as A2 and dis the diameter ol te totor drum.

N ———
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Reaction Turbines ket

By measurement from velocity triangle, we find that
Change in the velocity of whirl, (V_ + V,) = EF

1

42.5 m/s

and velocity of flow at outlet, V. = DF = 10 /s

n

Mass of steam flony

From stcam tables, corresponding to a pressure of 1.7 bar, we find that the secific volume of
steam, v, = 1.031 mkg.

We know that mass of steamn flow,

TA+m AV m+0D01x10
m = = ~ J = 3581 s Ans.
X0, 0935 x 1.031

Power developed in the ring of the moving blades
We know that power developed in the ring of the moving blades,
P=m(, +V,) V, =358 x425x 144

= 2.191 kW Ans.

Example 23.4. A reaction turbine runs at 300 r.p-m. and its steam con: nption is 15 4(X)
kg/h. The pressure of steam at a certain pair is 1.9 bar ; its dryness .93 and pow. developed by the
pairis 3.5 kW. The discharging blade tip angle s 20 for both fived and moving b les and the axial
velocity of flow is 0.72 of the blade ve locity. Find the drum diameter and blade I ¢ht. Take the tip
leakage steant as 8‘/; but neglect bfade thickness.

Solution. Given : N = 300 rp m. ;m, =15 400 kg/h = 4.28 ku/s vp=1Ybar; x=093;

P=3SKkW=35x10'W;a=¢=20°" \f,:ﬂ.n v,

]
[N}
Vol

Since the tip leakage steam is 8%, therefore actual mass of steam flowin v er the blade:s,

m = 428-(4.28x0.08) = 3.94 kp/s
Blade height
’ t —h = Bladeheight, and

d_ = Mean diameter of the blades.

We know that blade velocity,
Ttl'd;] N wmd x300

V, = %0 = €0 = 1571d  w/s

0.72% 15.71d_ = 113d_ mis

n

\f
Now let us draw the combined velocity triangle, as shown in Fig. 23.10, 2« :scussed belov :
[. Firstofall, draw a hodzontal line, and cut off A8 equalto 15.714_,to s nesuitable scale
fepresenting the blade velocity (V). '
2. Now draw inlet velocity triangle
ABC on the base AB with o = 20° and BC =

Vo Isin20° = 113 d, 10342 =334 , o
1he scale.

3. Similarly, draw outlet veloutv E A - F
Aangle on the same base AB with o= Lis,?tdm-l
WV, = v/ sin 20° = 11.3 dm/0.342 ——— Vot Vg — ——
=133 “n. o lhc scale.
Fie.23.10
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