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Answer all questions
1.  Derive the condition for maximum hydraulic efficiency of pelton wheel and write [10] CO4 L
the expression for maximum hydraulic efficiency.
2. A three jet PELTON WHEEL is required to generate 10000 kW under a head of ~ [10]  CO4 L3
400m. The blade angle at outlet is 15° and the reduction in the relative velocity while
passing over the blade is 5%. If the overall efficiency is 80%, CV = 0.98,¢ = 0.46,
then find: (i) Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades
3. Adouble jet PELTON WHEEL is required to generate 7500 kW when the [10] CO4 L3
available head at the base of the nozzle is 400m. The jet is deflected through 165°
and the relative velocity of the jet is reduced by 15% in passing over the buckets.
Determine (i) Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades.
Assume Generator efficiency of 95%, Overall efficiency as 80%, blade speed ratio
as 0.47, nozzle velocity c-efficient as 0.98.
4.  The following data refers to a hydraulic power plant. Tail race level to reservoir level [10] CO4 L3
= 175m. Head loss in penstock = 17.5m. Flow rate = 2.5 st Head utilized by the
turbine =135m, Leakage losses = 100 m‘:e, Power loss due to mechanical friction=
75 kW. Find (i) Hydraulic Efficiency, (ii) Volumetric efficiency (iii) Overall
Efficiency (iv) Mechanical efficiency (v) Brake power
5. Steam flows through a nozzle with a velocity of 450 m/s at a direction which is [10] CO5 L3

inclined at 16° to the wheel tangent. Steam comes out of the nozzle with a velocity
of 100 m/s in the direction of 110° with the direction of blade motion. The blades
are equiangular and the steam flow rate is 10 kg/s. Find (i) Power developed (ii)
Axial thrust (iii) Blade efficiency
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Answer all questions
1. Derive the condition for maximum hydraulic efficiency and write the expression for ~ [10] | CO4 L
maximum hydraulic efficiency.
Diagram- 3 Marks
Derivation- 7 Marks
2. A three jet PELTON WHEEL is required to generate 10000 kW under a head of ~ [10]  CO4 L3
400m. The blade angle at outlet is 15° and the reduction in the relative velocity while
passing over the blade is 5%. If the overall efficiency is 80%, CV = 0.98,¢ = 0.46,
then find: (i) Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades
Velocity Triangle- 2 Marks
Diameter- 2 Marks
Flow- 2 Marks
Force- 2 Marks
3. Adouble jet PELTON WHEEL is required to generate 7500 kW when the [10] CO4 L3
available head at the base of the nozzle is 400m. The jet is deflected through 165°
and the relative velocity of the jet is reduced by 15% in passing over the buckets.
Determine (i) Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades.
Assume Generator efficiency of 95%, Overall efficiency as 80%, blade speed ratio
as 0.47, nozzle velocity c-efficient as 0.98.
Velocity Triangle- 2 Marks
Diameter- 2 Marks
Flow- 2 Marks
Force- 2 Marks
4.  The following data refers to a hydraulic power plant. Tail race level to reservoir level [10] CO4 L3
= 175m. Head loss in penstock = 17.5m. Flow rate = 2.5 ng Head utilized by the
turbine =135m, Leakage losses = 100 l”’:e, Power loss due to mechanical friction=
75 kW. Find (i) Hydraulic Efficiency, (ii) Volumetric efficiency (iii) Overall
Efficiency (iv) Mechanical efficiency (v) Brake power
Hydraulic Efficiency- 2 Marks
Volumetric efficiency- 2 Marks
Overall Efficiency- 2 Marks
Mechanical efficiency- 2 Marks
Brake power- 2 Marks
5. Steam flows through a nozzle with a velocity of 450 m/s at a direction which is [10] CO5 L3

inclined at 16° to the wheel tangent. Steam comes out of the nozzle with a velocity
of 100 m/s in the direction of 110° with the direction of blade motion. The blades
are equiangular and the steam flow rate is 10 kg/s. Find (i) Power developed (ii)
Axial thrust (iii) Blade efficiency

Velocity Triangle Construction- 7 Marks

Power- 1 Mark

Thrust- 1 Mark

Blade efficiency- 1 Marks
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TURBOMACHINES (18ME54)
IAT-1
SOLUTIONS

Derive the condition for maximum hydraulic efficiency and write the expression for

maximum hydraulic efficiency.

WORK DONE AND HYDRAULIC EFFICIENCY BY A PELTON WHEEL

W.K.T

- mVw, Uy = Vi, Uz)
" pgQH

Also,m = p X Q

B Vi, U1 £V, U,
gH

Ny

gH = Potential Energy

But in turbine, all potential energy
is converted to kinetic energy

1

~gH = EVE
= UVw, = Vw,)
H l[/z
7 V1
From OUTLET VELOCITY TRIANGLE
Vw, = Vp,cosp, — U

2

Vw, (1

2

=V, cosB, — U

CONDITIONS

Uy = U, = U (Because tangential flow)
V., =V, (Because impulse turbine)

From INLET VELOCITY TRIANGLE
Vo=V1-U—" (2)

(2) in (1) implies

Vw, = (V1 — U)cosp, — U

le =1

U(Vw, £ Viy,) =W

Since Vi, and Vy,, are in opposite directions
W =UVw, + Vu,)

W=UW; +(V; —U)cosB,—U)

W =U((V,=U) + (V; — U)cosf)

W =UWV;-U)(1 + cosB,) —(3)

It was assumed that V,, =V,
Due to losses in blade, V., #+ V.,

Also V., <V,

- anew term Cp is defined



Cp which is also called Co — ef ficient of blade is defined as ratio of V., to V,,

v
/A

T

Cb=

If Cy is considered in the derivation ,then the equation (3)will be,

W = U(V;=U)(1 + CycospBy)

W

ALY
U(V;—U)(1 + CycosPy)
N = 1,
2Vi
_2UW,-U)(A + CpeosB,) (4)
N = V2

1

Condition for MAXIMUM HYDRAULIC EFFICIENCY

The condition for maximum ef ficiency can be obtained by using MAXIMA

condition
dny

—1 -0
du

dng _ d (2(UVy — U*)(1 + Cycospy)
dUu  dU VE

dny 2(1+ CycospB,) d 5
du V2 ag W=

dny _ 2(1+ Cycospf;)

xX (V, —2U
du V2 1 )

2(1 + CycospB,)
Vlz

2(1 + CycospB,)
V12

x(V,—2U) =0

A (Vy—2U) =0

=V, =2U

1 This is the condition
~U ==V, +— for maximum

2 hydraulic ef fciency

Hydraulic ef ficiency is given by
2U(V,—=U)(1 + Cycosfy)
H = VZ
1

Substituting V; = 2U in above equation

_2UQU = U)(1 + Cycospz)

Ny = (ZU)Z
_2UW)(1 + CyeospP,)
2U%(1 + CpcospBs)
N = 4U2
1+ Cpcospf,
NHyax = 2

This is the equation for
maximum hydraulic ef ficiency

If C, = 1,then
1+ cosp,
nHmax = 2

It can be seen from the above equation
that for ny to be 1, B, should be 0°



A three jet PELTON WHEEL is required to generate 10000 kW under a head of 400m.
The blade angle at outlet is 15° and the reduction in the relative velocity while passing
over the blade is 5%. If the overall efficiency is 80%, CV = 0.98,¢ = 0.46, then find: (i)
Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades

SOLUTION
DATA
n=3
SP=10000 kW TO FIND
H=400 m s
p2=15 0=7
Ch=0.95 s
no=0.8 o
Cv=0.98
P=0.46
a) Totalflow(Q)
SP 08 10000 x 103 3 18m3
=———=08= =0 =3.18—
Mo = g0H 1000x 981 x 0 x 400 ¢ s

b) Diameter of Jet:

Q —nZazy
24N

m
Vi = C/2gH = 098 x V2 X 981 x 400 = V; = 86.81—

s
3.18=SXZXd2x86.81=>d=O.125m

c¢) Force exerted by each jet

F. R Th(le * VWZ) . pQ(VW1 t VWZ)
eachjet = Ng of jets B n

INLET VELOCITY TRIANGLE

~ ‘
U V?"l
Vl = le

VW1=V1=86.81ms

m
U= ¢2gH = U = 0.46V2 x 9.81 x 400 = U = 40.75?

m
Vi, = V1= U = 8681~ 40.75 = 46.06



ASSUMING THE OUTLET VELOCITY TRIANGLE AS

Since Cp is given, V;, = CpV, = V;, = 0.95 X 46.06 = 43.757%

From outlet velocity triangle,

U+ Vy,
.

U+ Vy, =V, cosp,

Vw, =V, cos B, — U = (43.757 X cos15) — 40.75

2

cos f, =

Vi, =1.51—
w, — & s
Since Vyy, is positive the assumed velocity triangle is correct.
DR Vi, £ Vw,) _ pQ(Vw, £ Vir, )
" heachjet T Ng of jets n

1000 x 3.18 x (86.81 + 1.51)
Feacn jet = 3

F — 93619 2N

each jet



A double jet PELTON WHEEL is required to generate 7500 kW when the available head
at the base of the nozzle is 400m. The jet is deflected through 165° and the relative
velocity of the jet is reduced by 15% in passing over the buckets. Determine (i)
Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades.

Assume Generator efficiency of 95%, Overall efficiency as 80%, blade speed ratio as
0.47, nozzle velocity c-efficient as 0.98.







The following data refers to a hydraulic power plant. Tail race level to reservoir level

= 175m. Head loss in penstock = 17.5m. Flow rate = 2.5 m”3/s, Head utilized by the
turbine =135m, Leakage losses = 100 litre/s, Power loss due to mechanical friction= 75
kW. Find (i) Hydraulic Efficiency, (ii) Volumetric efficiency (iii) Overall Efficiency (iv)
Mechanical efficiency (v) Brake power




Steam flows through a nozzle with a velocity of 450 m/s at a direction which is inclined
at 16° to the wheel tangent. Steam comes out of the nozzle with a velocity of 100 m/s in
the direction of 110° with the direction of blade motion. The blades are equiangular and
the steam flow rate is 10 kg/s. Find (i) Power developed (ii) Axial thrust (iii) Blade
efficiency

Solution :Given:V, =450 m/s, a | = 16°,V,=100mvs, a; =110°,0,=70° B, =B,,
m =10kg/s. Find:P, P, F_,1,,C,. ' R
Graph construction : For the selected scale, draw Viwrt o and V, wrt a, and
find the value of Vi, & Vi, To get B, and B,, produce V,, in backward direction
draw the line from the apex 'A' of inlet velocity triangle which cuts at V.. produce
backward at B. Nt . PG

measure Band B, and :
M Pyand B, find out the tangentia] vey .
or

Grapb: U=167m/s, V,,=2931m/s, V., =222 s
By =PBa=25", AV,=30.1 s, AV, = 466 8ms
eloped, P= 0 _10X167x4668 _
gexUA\l‘l 1000 780 kW

los: m:P‘ - %‘-X Ahf
c
sure Energy loss due to friction in the rotor = "28;((‘/'!1“’0}”

,;-,:._."_:_A w.moﬁ =18.28 k) /kg

©_QUAV,  2xIGTNA66R ..
LT 450’
Vﬂ 222
..... B = 0.758
‘. cb vﬂ 293 rhoed





