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E-¥ ZF L’l Solution. The velocity diagram for the stage can be readily constructed from the

data supplied and the specific work obtained from a scale drawing or, more

accurately, by calculation.

It will be noticed that as the efflux angle relative to

each blade row is equal, i.e. o, = B, = 70 deg, the velocity triangles are simflar and

the reaction is 50 per cent.

oW =

Utegy + ¢s)

The specific work per stage is

Solving for the unknown swirl velocities using the usual sign convention

- cyz

c

y3

| ® ‘ 5 AW

This stage is rather lightly loaded and the stage loading factor is

Y= AW/!)2 = (cyz-l-cya)/U = 148,3/152.5

—

o
¢, sina, = 160 sin 70

150'.4 m/s

wsstnps-U = c28hc2-U

150.4 - 152,5 = -2.1m/s

152.5(150.4 - 2.1)

22,62 k]/kg

0.9725

A turbine.with ten similar stages to the one above will produce a specific work of

226.2 k]/kg and this is equal to the change In stagnation enthalpy of the steam

bos ~Pop

between turbine inlet (A) and turbine exhaust (B), i.e.

h, ~hg = 226.2K/xg

It is implied that the “internal” efficiency is the total to total efficiency, defined as ’

' 7“ = (hoh-hoB)/(hoA'hoBs)

. hoA-hoBs

From steam wbles or Mollier chart at p oA S 1.5 MPa (15 bar) and T oA

Boa

e l"08

LBogg = 2756.2 K/kg

The less laborious method of determining
the exhaust steam condition is by plotting
these specific enthalpies on a large scale
Mollier chart for steamy From sucha
plot the exhaust steam condition is

p oB ‘= 4?0 kPa (4.2 bar);
= o
ToB 177°C

i.e. the stearn is scill superheated at
exhaust,

¥

226,2/0.8 = 282.8 ¥]/kg

3039 kJ/xg
3039 - 226.2 = 2812.8 k]/kg

" = 300°C

(e.q. Exth |
%‘ﬂm&

ﬁr\'fa«d C.thdd

a4 F.R. qa,{a-f)



Z* 6 $«€. Ina cermin axial flow turbine stage the axial velocity ¢ is consmnt, The
g absolute velocities entering and leaving the stage are in the a.xiai direction. If the

flow coefficient ¢ /U is 0.6 and the gas leaves the stator blades at 68.2 deg from the
axial direction, calculate:

(i) the stage loading factor,. AW/UZ:
(i1) the flow angles relative to the rotor blades; -
(iii) the degree of reaction;

(iv) the total to total and total to static efficiencies.
The Soderberg loss correlation, eqn. (4.12) should be used.
—

Soluticn. (i) The stage loading factor is

Y= AW/U2 = cy2/U, asc =0

y3
= (cx/U) @n a,
= 0.6xtan68.2° = 1.50
(i) From the velocity diagram -
tan ﬁa = U/c:x = 1/0.6 = 1,667

-

" By

$9.04 deg

unpz a tauu:tz-U/c:x = 2,5-1.667 = 08335

. B; = 39.81deg

(t11) The stage reaction, eqn. (4.223), is
R = (tanp;-mn LY cx/(ZU‘)
= 0.3(1.667-0,8333) = 0.25

ST
. ; a4 —T "3

c
2
Pz

=TT

(iv) The total to total efficiency of a normal stage (cl = 93) is,

Wy c,=C

7“ = (hOl 'h°3)/(h°1 'h°3ss) = (hl -h3)/(h1 'h3+h3 -h
g = 171+ (g -hg 3/ -g))

)

3ss

R.eferring to Fig. 4.2, the enthalpy difference th -hss s’ equal to (hz -th)(Tsfrz).
is ususlly simplified to h2 -hZS with only a small loss in accuracy in determining
efficiency.

-1 .
S (14 Oghyt hy =hy )/ =b3)]



The enthalpy differences h2 -hzs and h3 -hss representing the effects of irreversible

flow in the nozzle and the rotor respectively, can be expressed in terms of loss
coefficients T, and ]R' B

hy<hyy = ze, Iy )

hy <hy = gwy IR

Thus, the total to tota] efficiency becomes, eqn. (4.9a),

2 2._.-1
. [“ Ir™s * Inc ]
W 20, ~By)
The total to static efficiency, defined as
7ts B (hol'hos)/ (hol.hs'sa)
= Y[1+e,-h,  +1cd/m -ny)]
3 3ss 271 1 73

is used when the exhaust kinetic energy %-csz is wasted. This efficiency is most
u;em in the form, -

-1

2 2 2
w +§ c, +c
Lvst Inc, 1] @

s v[“ 20, by

The enthalpy loss coefficients can be expressed, eqn. (4.12), in terms of the fiuid
deflection € (deg) of each blade row, that is,

7 = 0.08[ 1 +1.5¢¢/100)

where, for the nozzle, &= EN 2a; +a,= 68.2 deg (i.e. Q= 0) and, for the rotor
Tow, E£= E’R = pz + Bs =39.81 +59.04 = 98.85 deg. Thus, ZN = (0,06791 and
I R™ 0.09863 afrer using the above equation,

From e, (i), with Wy =c, sec 53' ¢, =¢, seca, and hl =h, = ch tan a

3 2
2 2
-l ZRsec pa-l- INsec ay
T Zuna,)/d

-1

2x2.5/0.6
-1
o [1 + 0.865]

_ [ L4 0:09863/0.5144% + 0.06791/0.3714% 11 -
J

8.334
LY = 90.6%

From eqgn. (if), with € = cx

Vs = [1+(o.sss+~1)/s.334]'1 = 81.7%



