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Internal Assessment Test 2 – Dec 2021 

Sub: TURBO MACHINES Sub Code:   18ME54 Branch: MECHANICAL 

Date: 16/12/2021 Duration: 90 min’s Max Marks: 50 Sem/Sec: 5th Sem A &B OBE 

 MARKS CO RBT 

Answer all questions    

1. Derive the condition for maximum hydraulic efficiency of pelton wheel and write 

the expression for maximum hydraulic efficiency. 

[10] CO4 L 

2. 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,𝜙 = 0.46, 

then find: (i) Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades  

[10] CO4 L3 

3. 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. 

[10] CO4 L3 

4.  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 
𝑚3

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 

[10] CO4 L3 

5. 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 

[10] CO5 L3 
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 MARKS CO RBT 

Answer all questions    

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

maximum hydraulic efficiency. 

Diagram- 3 Marks 

Derivation- 7 Marks 

[10] CO4 L 

2. 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,𝜙 = 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 

[10] CO4 L3 

3. 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. 

Velocity Triangle- 2 Marks 

Diameter- 2 Marks 

Flow- 2 Marks 

Force- 2 Marks 

[10] CO4 L3 

4.  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 
𝑚3

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 

Hydraulic Efficiency- 2 Marks 

Volumetric efficiency- 2 Marks 

Overall Efficiency- 2 Marks 

Mechanical efficiency- 2 Marks 

Brake power- 2 Marks 

[10] CO4 L3 

5. 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 

Velocity Triangle Construction- 7 Marks 

Power- 1 Mark 

Thrust- 1 Mark 

Blade efficiency- 1 Marks 

[10] CO5 L3 
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WORK DONE AND HYDRAULIC EFFICIENCY BY A PELTON WHEEL

𝜂𝐻 =
ሶ𝑚(𝑉𝑊1

𝑈1 ± 𝑉𝑊2
𝑈2)

𝜌𝑔𝑄𝐻

𝑊.𝐾. 𝑇

𝐴𝑙𝑠𝑜, ሶ𝑚 = 𝜌 × 𝑄

𝜂𝐻 =
𝑉𝑊1

𝑈1 ± 𝑉𝑊2
𝑈2

𝑔𝐻

𝑔𝐻 = 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦

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

∴ 𝑔𝐻 =
1

2
𝑉1
2

∴ 𝜂𝐻 =
𝑈(𝑉𝑊1

± 𝑉𝑊2
)

1
2𝑉1

2

𝐶𝑂𝑁𝐷𝐼𝑇𝐼𝑂𝑁𝑆

𝑈1 = 𝑈2 = 𝑈

𝑉𝑟1 = 𝑉𝑟2 (Because impulse turbine)

(Because tangential flow)

𝐹𝑟𝑜𝑚 𝑂𝑈𝑇𝐿𝐸𝑇 𝑉𝐸𝐿𝑂𝐶𝐼𝑇𝑌 𝑇𝑅𝐼𝐴𝑁𝐺𝐿𝐸

𝑉𝑊2
= 𝑉𝑟2𝑐𝑜𝑠𝛽2 − 𝑈

𝑉𝑊2
= 𝑉𝑟1𝑐𝑜𝑠𝛽2 − 𝑈 1

𝐹𝑟𝑜𝑚 𝐼𝑁𝐿𝐸𝑇 𝑉𝐸𝐿𝑂𝐶𝐼𝑇𝑌 𝑇𝑅𝐼𝐴𝑁𝐺𝐿𝐸

𝑉𝑟1 = 𝑉1 − 𝑈 2

2 𝑖𝑛 1 𝑖𝑚𝑝𝑙𝑖𝑒𝑠

𝑉𝑊2
= (𝑉1 − 𝑈)𝑐𝑜𝑠𝛽2 − 𝑈

𝑉𝑊1
= 𝑉1

𝑈 𝑉𝑊1
± 𝑉𝑊2

= 𝑊

𝑊 = 𝑈 𝑉𝑊1
+ 𝑉𝑊2

𝑆𝑖𝑛𝑐𝑒 𝑉𝑊2
𝑎𝑛𝑑 𝑉𝑊1

𝑎𝑟𝑒 𝑖𝑛 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑊 = 𝑈 𝑉1 + (𝑉1 − 𝑈)𝑐𝑜𝑠𝛽2 − 𝑈

𝑊 = 𝑈 (𝑉1−𝑈) + (𝑉1 − 𝑈)𝑐𝑜𝑠𝛽2

𝑊 = 𝑈(𝑉1−𝑈) 1 + 𝑐𝑜𝑠𝛽2

𝐼𝑡 𝑤𝑎𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡ℎ𝑎𝑡 𝑉𝑟1 = 𝑉𝑟2
𝐷𝑢𝑒 𝑡𝑜 𝑙𝑜𝑠𝑠𝑒𝑠 𝑖𝑛 𝑏𝑙𝑎𝑑𝑒, 𝑉𝑟1 ≠ 𝑉𝑟2

𝐴𝑙𝑠𝑜 𝑉𝑟2 < 𝑉𝑟1

∴ 𝑎 𝑛𝑒𝑤 𝑡𝑒𝑟𝑚 𝐶𝑏 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑

3

TURBOMACHINES (18ME54)
IAT-1

SOLUTIONS

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

1



𝐶𝑏 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑎𝑙𝑠𝑜 𝑐𝑎𝑙𝑙𝑒𝑑 𝐶𝑜 − 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑏𝑙𝑎𝑑𝑒 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑎𝑠 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑉𝑟2𝑡𝑜 𝑉𝑟1

𝐶𝑏 =
𝑉𝑟2
𝑉𝑟1

𝐼𝑓 𝐶𝑏 𝑖𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑜𝑛 , 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3 𝑤𝑖𝑙𝑙 𝑏𝑒,

𝑊 = 𝑈(𝑉1−𝑈) 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑊.𝐾. 𝑇 𝜂𝐻 =
𝑊

1
2𝑉1

2

𝜂𝐻 =
𝑈(𝑉1−𝑈) 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

1
2𝑉1

2

𝜼𝑯 =
𝟐𝑼(𝑽𝟏−𝑼) 𝟏 + 𝑪𝒃𝒄𝒐𝒔𝜷𝟐

𝑽𝟏
𝟐

4

𝑪𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏 𝒇𝒐𝒓 𝑴𝑨𝑿𝑰𝑴𝑼𝑴𝑯𝒀𝑫𝑹𝑨𝑼𝑳𝑰𝑪 𝑬𝑭𝑭𝑰𝑪𝑰𝑬𝑵𝑪𝒀

𝑇ℎ𝑒 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑐𝑎𝑛 𝑏𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑢𝑠𝑖𝑛𝑔 𝑀𝐴𝑋𝐼𝑀𝐴
𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛

𝑑𝜂𝐻
𝑑𝑈

= 0

𝑑𝜂𝐻
𝑑𝑈

=
𝑑

𝑑𝑈

2 𝑈𝑉1 − 𝑈2 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑉1
2

𝑑𝜂𝐻
𝑑𝑈

=
2 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑉1
2

𝑑

𝑑𝑈
𝑈𝑉1 − 𝑈2

𝑑𝜂𝐻
𝑑𝑈

=
2 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑉1
2 × (𝑉1 − 2𝑈)

2 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑉1
2 × 𝑉1 − 2𝑈 = 0

2 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑉1
2 ≠ 0

∴ 𝑉1 − 2𝑈 = 0

⟹ 𝑉1 = 2𝑈

∴ 𝑈 =
1

2
𝑉1

𝑇ℎ𝑖𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛
𝑓𝑜𝑟 𝑚𝑎𝑥𝑖𝑚𝑢𝑚
ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑒𝑓𝑓𝑐𝑖𝑒𝑛𝑐𝑦

𝜂𝐻 =
2𝑈(𝑉1−𝑈) 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

𝑉1
2

𝑆𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑉1 = 2𝑈 𝑖𝑛 𝑎𝑏𝑜𝑣𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

𝜂𝐻 =
2𝑈(2𝑈 − 𝑈) 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

2𝑈 2

𝜂𝐻 =
2𝑈(𝑈) 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

2𝑈 2

𝜂𝐻 =
2𝑈2 1 + 𝐶𝑏𝑐𝑜𝑠𝛽2

4𝑈2

𝜼𝑯𝑴𝑨𝑿
=
𝟏 + 𝑪𝒃𝒄𝒐𝒔𝜷𝟐

𝟐

𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦

𝑇ℎ𝑖𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 ℎ𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

𝐼𝑓 𝐶𝑏 = 1, 𝑡ℎ𝑒𝑛

𝜼𝑯𝒎𝒂𝒙
=
𝟏+ 𝒄𝒐𝒔𝜷𝟐

𝟐

𝐼𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑠𝑒𝑒𝑛 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑎𝑏𝑜𝑣𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛
𝑡ℎ𝑎𝑡 𝑓𝑜𝑟 𝜂𝐻 𝑡𝑜 𝑏𝑒 1, 𝛽2 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,ϕ = 0.46, then find: (i)
Diameter of jet (ii) Total flow (iii) Force excerted by jets on blades

2

TO FIND
d=?
Q=?
F=?

SOLUTION
DATA
n=3
SP=10000 kW
H=400 m
β2=15°

Cb=0.95
ηo=0.8
Cv=0.98
ϕ=0.46

a) Total flow (Q)

𝜂𝑜 =
𝑆𝑃

𝜌𝑔𝑄𝐻
⟹ 0.8 =

10000 × 103

1000 × 9.81 × 𝑄 × 400
⟹ 𝑸 = 𝟑. 𝟏𝟖

𝒎𝟑

𝒔

b) Diameter of Jet:

𝑄 = 𝑛
𝜋

4
𝑑2𝑉1

𝑉1 = 𝐶𝑣 2𝑔𝐻 ⟹ 0.98 × 2 × 9.81 × 400 ⟹ 𝑉1 = 86.81
𝑚

𝑠

3.18 = 3 ×
𝜋

4
× 𝑑2 × 86.81 ⟹ 𝒅 = 𝟎.𝟏𝟐𝟓𝒎

c) Force exerted by each jet

𝐹𝑒𝑎𝑐ℎ 𝑗𝑒𝑡 =
ሶ𝑚 𝑉𝑊1

± 𝑉𝑊2

𝑁𝑜 𝑜𝑓 𝑗𝑒𝑡𝑠
=
𝜌𝑄 𝑉𝑊1

± 𝑉𝑊2

𝑛

INLET VELOCITY TRIANGLE

VW1=V1=86.81ms

𝑈 = 𝜙 2𝑔𝐻 ⟹ 𝑈 = 0.46 2 × 9.81 × 400 ⟹ 𝑈 = 40.75
𝑚

𝑠

𝑉𝑟1 = 𝑉1 − 𝑈 = 86.81 − 40.75 = 46.06
𝑚

𝑠



ASSUMING THE OUTLET VELOCITY TRIANGLE AS

Since 𝐶𝑏 is given, 𝑉𝑟2 = 𝐶𝑏𝑉𝑟1 ⟹ 𝑉𝑟2 = 0.95 × 46.06 = 43.757
𝑚

𝑠

From outlet velocity triangle,

cos 𝛽2 =
𝑈 + 𝑉𝑊2

𝑉𝑟2
𝑈 + 𝑉𝑊2

= 𝑉𝑟2 cos 𝛽2

𝑉𝑊2
= 𝑉𝑟2 cos 𝛽2 − 𝑈 ⟹ 43.757 × 𝑐𝑜𝑠15 − 40.75

𝑽𝑾𝟐
= 𝟏. 𝟓𝟏

𝒎

𝒔
Since 𝑉𝑊2

is positive the assumed velocity triangle is correct.

∴ 𝐹𝑒𝑎𝑐ℎ 𝑗𝑒𝑡 =
ሶ𝑚 𝑉𝑊1

± 𝑉𝑊2

𝑁𝑜 𝑜𝑓 𝑗𝑒𝑡𝑠
=
𝜌𝑄 𝑉𝑊1

± 𝑉𝑊2

𝑛

𝐹𝑒𝑎𝑐ℎ 𝑗𝑒𝑡 =
1000 × 3.18 × 86.81 + 1.51

3

𝑭𝒆𝒂𝒄𝒉 𝒋𝒆𝒕 =
𝟗𝟑𝟔𝟏𝟗. 𝟐 𝑵



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.

3





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

4



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

5




