Turbomachines - 18AE46

Old VTU Question’s Answers
Module - 1

Syllabus:

Introduction to turbomachines: Classification and parts of a turbo machines; comparison with positive
displacement machines; dimensionless parameters and their physical significance; specific speed;
illustrative examples on dimensional analysis and model studies.

Energy transfer in turbomachines: Basic Euler turbine equation and its alternate form; components of

energy transfer; general expression for degree of reaction; construction of velocity triangles for different
values of degree of reaction.

Part — A Questions

1. Explain the components of a turbomachine with neat sketch.
or

What is a Turbomachine? With a neat sketch, explain the principal components of turbomachine.

General definition

A turbomachine is a device in which energy transfer occurs berween a flowing fluid and a

rotating element due to dynamic action and results in a change in pressure and momentum of
the fluid.

1.5 PARTS OF A TURBOMACHINE

A turbomachine is comprised of the following parts:
(i) Rotor or impeller or munner
(11) Guide blade or stationary or fixed element or nozzle
{iii) Shaft

(iv) Housing or casing
(v) Diffuser
(vi) Draft tube

Rotor or impeller or runner

Rotor is the rotating element of a turbomachine. It is fixed with blades or vanes and also
called the impeller or runner depending upon the particular machine. For example. the
rotating member of centrifugal pumps and centrifugal compressors is called the impeller. The
rotating member of radial flow hydraulic turbines and pumps is called the runner. In contrast,
the rotating member of axial flow gas and steam turbines is called the rotor. Energy transfer

occurs between the fluid and the rotating member due to exchange of momentum between the
two.

Guide blade or stationary or fixed element or nozzle

The stationary element or guide blade is arranged depending upon the kind of flow required.

The stationary element is not a compulsory part of every turbomachine. The ceiling fan is a
turbomachine and there is no stationary element.
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Shaft

Either input shaft or omtput shaft or both may be necessary depending upon the type of
turbomachines. For example:

(a) Power absorbing turbomachine: only input shaft
(b) Power generating turbomachine:  only output shaft
(c) Power transmitting tarbomachine: both input and output shaft

Housing or casing

The housing is not a compulsory part of every murbomachine. When the housing is present. it
restricts the fluid so that it flows in a given space and does not escape in directions other than
those required for energy transfer. A turbomachine having housing is called enclosed machine
and the one having no housing is called extended machine.

Volute: It is a tvpe of casing where a spiral passage is used for the collection of the diffused
fluid of a compressor or pump. The volute casing is used in hydraulic mrbines to increase the
velocity of the fluid before it enters the runner.

Diffuser

A passage with increase in cross-sectional area in the direction of fluid flow. and which converts
kinetic energy into static pressure head. It is usually situated at the outlet of a compressor. for
example. axial flow compressor.

Draft tube

It is a diffuser placed at the outlet of a hydraulic turbine. For example, Francis and Kaplan
turbines.

2. What are turbomachines? Classify turbomachines and explain the types with Examples.
or
Define Turbomachines. Give the classifications of Turbomachines.

General definition

A turbomachine is a device in which energy transfer occurs between a flowing fluid and a
rotating element due to dynamic action and results in a change in pressure and momentum of
the fluid.

The mrbomachines shown in Figure 1.2 are classified as follows:
1. According to energy consideration
(a) Turbomachines transferring rotor energy to flmid energy. ie. machines supply
energy to the fluid as in pumps and compressors.
(b) Machines transferring fluid energy to a rotor energy. ie. machines that extract
enerey from the fluid as in turbines (steam. gas, water).
2. According to the direction of flow

(a) Radial flow as in centrifugal pumps, fans, mrbines and compressors
(b) Axial flow as in axial flow pumps. compressors, fans. and turbines
() Mixed flow as in Francis mrbine.
(d) Tangential flow as in Pelton wheel
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Figure 1.2 Types of turbomachines: (a) Centrifugal pump. (b) Axial flow pump. (c) Steam
turbine. (d) Pelton wheel. (e) Francis turbine. (f) Kaplan turbine.

3. According to the action of fluid on the moving blade
(a) Impulse machines
Fluid energy is converted into impulsive force by changing the direction of fluid
as in a steam twrbine (De-Laval) and Pelton wheel.
(b) Reaction machines
The pressure energy of fluid continuously drops as it flows over the blades and
the velocity increases. The fluid leaving the blades will exert a reactive force in

the backward direction of its flow. This reactive force sets the blades in motion

as in a steam turbine (Parson’s reaction turbine). Francis turbine, Kaplan turbine
and Propeller turbine.

4. (a) Open or extended machines such as propeller. wind mill. fan.
(b) Enclosed machines such as trbines, pumps and COmMpPressors.

5. According to the type of fluid handled

(a) Water » Examples: Pumps, hydraulic turbines
(b) Steam > Example: Steam turbines
(c) Air or gas : Examples: Fans. compressors. blowers, turbines.
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3. Differentiate between positive displacement machines and turbomachines.

or

Distinguish between a turbomachine and a positive displacement machine.

Turbomachine

Pasitive displacement machine

1. Action
(a) Dwnamic

(b) Pressure and momentum of the fluid
changes.

2. Operation

(a) Pure rotary motion of the mechanical
element.

(b) Steady flow of fluid.

{c) The fluid state will be the same as that of
the surroundings when the machine is

stopped.

3. Mechanical features

(a) Rotating masses can be completely
balanced and wvibrations eliminated.
Hence high speeds can be adopted.

(b} Light foundations suffice.

(c) Design is simple.

(d) Weight per unit output is less.

4. Efficiency of conversion process

ia) Efficiency 15 low because of dynamic

energy transfer.

ib) The efficiency of the compression process

15 low.

5. Veolumetrie efficiency

i{a) It 15 almost 100%.

(b) High fluid handling capacity per unit
weight of machine.

6. Fluid phase change and surging
(a)
(o)
(c)
id)

Causes cavitation in pumps and turbines.
Erodes steam turbine blades.
Deteriorates performance.

Jorging or pulsation leads to unstable
flow.

ie) Causes vibrations and may destroy the
machine.

7. Operates between a moving floid and a
rotating element, resulting in thermodynamic
and dynamic actiomn.
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(a)

(b)
(c)

(d)

(a)

(b)

(a)

Nearly static
“olume of the floid changes.

Usupally it is the reciprocating motion of
the mechanical element but some rotary
positive displacement machines are also
built. Examples: Gear pump, vane pump.
Unsteady flow of floid.

Entrapped fluid state is different from the
surronndings  when the machine is
stopped and if heat transfers and leakage
are avoided.

Becaunse of the reciprocating masses,
vibrations are more. Hence low speeds are
adopted.

Heavy foundations are required.
Mechanical design 15 complex becaunse of
valves.

Weight per unit output is more.

High efficiency because of static energy
transfer.

The efficiencies of the compression and
expansion processes are almost the
same.

Much below that of a turbomachine becaunse of

valves.

()

Low fluid handling capacity per unit weight of

machine.

No serious problems are encountered.

Operates between a near static fluid and a slow
moving surface resulting in thermodynamic and
mechanical action.
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4. Prove that for turbo machines work produced or consumed is equal to change in stagnation

enthalpy.

Considering unit mass of the working fluid and writing the general energy equation, we get

from Figure 1.1

-

-

er"‘PlUl:""f—l"‘ﬁ""?:W"‘f“z!"‘f’:[’zl"‘f_z"‘ﬁ (1.1)
8 & -8 &
where

uy and uy are the inlet and exit values of internal energy (kl/kg)

piv; and pov, are the flow work done on or by fluid (kN-m)

vy and v, are the specific volumes (m*/kg)

V; and V, are the inlet and exit values of velocity of the fluid (m/s)

Z; and z; are the inlet and exit values of potential energy (m)

g and w are the heat and work interactions between the surroundings and the

system (control flow) (kJ/kg)

hgy and hg,  are the inlet and exit values of stagnation enthalpy (total enthalpy).
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Figure 1.1 Steady flow energy process for a contral volume.

In case of mrbomachines, the rate of flow of working fluid is very high, the surface area
available for transfer of heat is quite small and therefore. the process may be assumed to be

adiabatic. i.e. g = 0. Equation (1.1) then becomes

Vi oz v:i oz
(¢, T, +RT) + —— + 28 =y 4 (¢,T, + RTy) + -2+ 28
28 & 28. &
VP oz Ve oz
Lic, tRI+ 2+ =i Tc, +R) + -2+ 28
28. & 28 &
Vi-Vi (-2
w=ic, +R)T; - T, )+ 1 2 +{1 218
zgc g.:
If i1 = Z7.
V-V
w=(c, + R)IT, - T,) + +—
2g.
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If we neglect the kinetic energy. then

W = —ﬂh {1-3}

The suffix ‘0" represents the total head or stagnation conditions.

In power generating turbomachines, w is positive so that Ahg is negative. i.e. the total
enthalpy of flowing fluid decreases from inlet to exit.

In power absorbing turbomachines. mechanical energy input occurs so that the stagnation
enthalpy of the fluid increases from inlet to exit.

5. Define specific speed of a turbine. Write expressions for specific speed of a turbine and a pump.
Mention the significance of specific speed.
or

Define specific speed of a pump and turbine. Write the equations for the same in dimensionless form.
or

Define specific speed of Turbine and specific speed of pump.
Specific speed of turbines (Ngy)

It is the speed of a geometrically similar turbine working under unit head and developing unit
POWET, 1.E.

:rdN

oc AN o< V oc JH

doe X2

H , HHH HS"2
P = Pover = pQ_gx OH o= d"VH = dz-ql' HH o J_ 3
7 N? N
o
HS!E HS.-'4-

or Nec
JP

2
N~ ec

kHS.l'ai
P

If H = unit head. P = unit power, then N = Nsr

N=

. where k is constant of proportionality (1.40)

= (1.41
NG )
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Substituting Ny = &k in Eq. (1.40),

N H'® NJP
N:T: g ;"'JSI- :F {1—]-2]
Specific speed of pumps (Nsp)
The specific speed of a centrifugal pump is defined as the speed of a geometrically similar

pump delivering uwnit quantity (1 m¥s) of liquid against a head of one metre.

Q = area x velocity flow o= bV e d°V o d°\[H

2 g2
0="2[H, =" (1.43)
N’ N’
3/2
Q=k—=— where k is the constant of proportionality
J.:\r_
If H,=1m. O =1m's. then N = Ngp
kx 12
1=—F—
J.VSP
N g? =k

Substituting *""‘FEP =k in Eq. (1.43).
C NpH)T ~ |oN*  Nyo _
Q== Np= | =30 (1.44)

6. With usual notations, using dimensional analysis derive an expression for power and capacity
coefficients of a turbomachines.
and

7. With usual notations, derive expressions for unit discharge coefficient, head coefficient power
coefficient, using dimensional analysis.

Incompressible flow machines

Figure 1.3 shows a control volume through which an incompressible fluid is flowing. Following
are the variables considered.

Flow rate 0 m>/s
Speed N ps
Power P W
Head or Pressure H m
Fluid density o ke/m?
Fluid viscosity 7, N-s/m?
Diameter d 1
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Figure 1.3 A generalized turbomachine for the purpose of dimensional analysis.
P=f[pNudQH] (1.23)
Select the repeating variables as d Np . m=3
Total variables n = 7
in —m)=(7 - 3) = Four & terms.
y term: m =d*N™ p*Q

MO =Ly T A M P T Y

For M : =3c; =0
For L : ay —3c, +3=10
For T : -b;j-1=0

Solving the above equations.
fl:D.bl:—l.ﬂ:lz—}'

Substituting for a;. by, and ¢, in 7 term.

jrlzd3N1qu:% 1134]
7T, term : T, =d™ N” p= H
MO1OTO =[11% [T 11 ML 3?12 12772
For M cx=10
For L : y — 3¢, + 2 =0
For T : -by,-2=0

Solving the above equations.
c;=0.b,=-2.a,=-2
Substituting for a,. b, and ¢, in &, term.
H
N2d2

my=d "N p"H=
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7T term - 3 =d® N» p= P

MPLPT? = [y (T Y v v T

For M : c3+1=0
For L : a; —3c3+2=0
For T : -b;-3=0

Solving the above equations,

C3 = -1, E?3 :—.3!'.{13 = =2

Substituting for as. by and ¢ in 3 term.,

F
m=d N p'P=—0p (1.26)
pN-d?
7Ty term : 7, =d™ N™ p™ u
MO =% [T Yy v Y ML T Y
For M : ;s +1=0
For L : as —3¢c;,—1=0
For T : -b,-1=0
Solving the above equations.
{-:4_ = —1. b—"- = —1. H4 = —2
Substituting for ay. by and ¢4 in my term.
Nd*
7,=d *N'lplu= ‘“2 or £ (1.27)
pNd M

1.18.1 Capacity Coefficient or Flow Coefficient or Specific Capacity
or Discharge Coefficient

From Eq. (1.24). T = % = capacity coefficient (1.28)
J.:\r

We know that,
Qo< AV o @®V: Nd =< u: Nd* = Nd(d?) = ud?

2

T, =
' 'Nd* Nd&® Nd u @

. u
where ¢ = speed ratio = v

Runner tangential speed

Theortical jet spouting speed

For a given value of 7, = % . it signifies that the ratio of blade velocity to jet velocity

1s fixed. Therefore. the shape of the velocity triangle can be determined for any given machine.
._Q 0
1= 3
Nd®  d’NH
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1.18.2 Head Coefficient or Specific Head

From Eq. (1.25).
H H H H

O —— Of —— O —— 1]___1[})

N>d? W VvV uv

=

We know that. Nd =< u
(NdyP = u?: Ve u
Head coefficient is the ratio of the kinetic energy of the fluid (due to H) to the kinetic
energy of the fluid running at the rotor tangential speed or it 1s the ratio of fluid head to kinetic

energy of the rotor.

H = &_p o ﬁ_p (p = constant in incompressible fluids) (1.31)
PE P

Ty = {f 5= i which is essentially a flow relationship.
N-d~ pv~

1.18.3 Power Coefficient or Specific Power
From Eq. (1.26). the parameter

is known as power coefficient or specific power.

Ty=—7F—
’ pN3d®
This parameter can also be obtained by the product of 7; and 7.
H
My =T X Ty = Q%‘x 5 (1.32)
' ~ Nd° (Nd)
Now, P=Hxm=pQgH
o] P d*v P P
Ay =3 % 2 =3 22 3 45
Nd® m(Ndy~ Nd° pAVN-d~- pN-'d
T, = P 1.33
= (1.3:
’ pN3d’ :
Now,
NP oc 18d o« VPP o= V2VA o« Vd®H o= d*\HH
or N°d® o dPHP
P P P
(1.33a)

T3 = pN3d5 = pdiHS‘rz = dip??

Particularly in water turbines, o can be omitted.
The specific power of both the model and prototype will remain the same if their

efficiencies are the same.
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8. The resisting force F of a supersonic plane during flight can be considered as dependent upon the
length of the aircraft L, velocity V, air viscosity p, air density p and bulk modulus of air K. Express

the functional relationship between these variables and the resisting force.

Solution: Let the functional relationship be
F=f[L. V. i p. K]
The above equation in its general form may be written as
filF.L.V.u. p. K] =0
Here n = 6.m = 3. (n —m) = 6 — 3 = three 7 terms: fi(m4. . 75) =0

Let L, V. and p be the repeating variables. Then, we get

m =[L1* [VI* [p]* F

Hence- MY =y LT R (ML (MLT)
M : cp+1=0 S =-1
L: ag+b;-3;,+1=0 noap=-2
T- by -2=0 s b=

Substituting a,. b, and ¢, in the & term.

F
m=L*ViplF=
! Lvip
Now. 7, =(L)= (V)2 (p)2 u
Hence: MP1%TC = (L)% (LT )% (ML )2 (ML 'T) !
M : c+1=0 S =1
L: ﬂ:+b2—3€2—1=0 ﬂ::-l
T: -b,-1=0 s by =41
Substituting a;. b, and ¢, in the 7> term.
o =1 ly iyt __HM
2 P H Ivp
Again. = (L) (W)= (p)" K
Hence- MIIOT =)= T HBE (ML ) (ML IT) C
M : c3+1=0 S0 =-1
T‘: —b3—2= .a b3=—2
Substituting as. b3 and ¢3 in the 73 term.
02 -1 K
=LV " p K=—
Vep
Substituting /4. 4. 73 in Eq. (1),
F 7 K
h| =7 3. |=0
L'Vp LVp vop

EF=[1°V? Li
[ p]ﬂ[LVp Vzp}
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Q=ND[-Z& &
9. Show that the discharge of a centrifugal pump is given by . NEDFNDZp \yhere N is the
speed of the pump in rpm D the diameter of the impeller, g the acceleration due to gravity, H the
mano metric head, m viscosity fluid and p the density of the fluid.

Solution: Let the functional relationship be

Q=fIN.D. g H. pu. pl (i)
The general form of the above relation can be written as
filO.N.D.g. H upl=0 (11)

n=7.m =3, and let N. D. p be the repeating variables.
n—m)=(7 - 3) = 4xterms

Equation (ii) can be written as fy(/m4. . 3. ) = 0

(iii)
Here. 7, =N D% piQ
MPLOT? = (T A ()R (v e (T
Hence:
M - cy =10 Lo =0
L: b1—3q+3=0 b1=—3
T: —a;—-1=0 S =1
7, =N"'D 0= Q
1= =
ND®
Now, m, =N Ik pre
MPLOT? = (T Yy ()2 (ML e (LT 2
Hence:
M : C3 = c2=10
T: —-a, —2=10 ooy =2
7, =N2D'fg=—5_
NI
Also. 7, =N®DPpSH
MPLOT? = (T 1™ ()R (ML L)
Hence:
M : c3=10 S =10
L : by —3c;+1=0 sooby =1
T: —a; =0 Soay =10
H
7 =N"D'p’H="—"
3 P D
Again, m,=N%D" p™u

MOLOT? = (L)™ (ML )% (ML *)* (ML 'T) *
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Hence:

M : c, +1=0 sy =1
L : E?4—.jﬁ£‘4—1=[]' b4=—2
T: —a;—1=10 Soooay=-1
;r_4:N1D2p1p: ‘u,,

ND"p

Substituting the values of all #s in Eq. (1i1), we get

o g H u
3_‘? 2t 2
ND N'D D ND%p

o=np*g| L K Ans,
N’D* ND?p

10. Performance of lubricating oil ring in a turbomachine depends on the diameter (D), shaft speed

(N), discharge of oil (Q), density (p), viscosity (L), surface tension (o) and specific weight (W) of oil.
Find the relation for discharge of an oil in terms of non-dimensional terms.

Solution: The functional relationship can be written as

P=f[D,N. Q. p. ;. 0. W] (1)
The above equation can be written in general form as
f'IP.D.N.Q.p. . o.w] =0 (11)
n=38 m=3 .. There are five x terms

[’ m. m. w3 m. 7s] =0
Let D. N. p be the repeating variables.

Now, 7, =D N ptp

MOLOTO = 1% (T 1% (ML ) (MLT %)

Hence:
M - cp+1=0 S0 =1
L : a; —3c;+1=20 Sooap =4
T: —bl—l:{] E:rl:—l
m=D'N*p'P=
! pND*
Now, 7, =D® N> p=Q

MLT? =)= (T HRov e T Y
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Hence:

M : ;=0 S 6=0
L: ; — 3¢, +3=0 Sy = =3
T: —bz—].:{] S b:=—1
o
m=D’'N'p’0=
’ ND®
Also. 7, =D% N> p= u
MLOT? =1 (T hE v Yy v T
Hence:
M : c3+1=0 S0 =1
L: 3 —3c; -1 =0 Sy = =2
T: —b3—1={] S b3=—1
7,=D°N 1;:! lp: A
’ PND’
Again, 7, =D™N™p“ o
MOIOTO = 1% (T 1% (ML )™ (MT %)
Hence:
M : cs +1=0 S0 =1
L N al’-l-_'%'c‘l-: ﬂ S (14 =—.;!‘
T. N _b"-l- — £ = S b_q_ - —2
il O
m,=D "N "p o= VD
Again, s =D N™ p= w
MOLOT? =1 (T B (ML s (ML P T )
Hence:
M : cs+1=0 S0 =1
L: as — 3c; — 2 = sooas = -1
T.: —b5—1='|j st:—l
;=D IN ip Yw= “:
PN-D

Substituting the values of all 75 in Eq. (ii1).

f{P 0 u w}:{]

D*N’p ND* pND? pN’D® pN’D

- o
P=D*Np¢ QS. g2 = Ans.
ND*' pND*  pND*’ pN’D
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11. A single stage centrifugal pump with 300mm impeller diameter rotates at 2000rpm supplying 3
m?3/s to a height of 30m with an efficiency of 75%. Find the number of stages and diameter of each
impeller of a similar multistage pump to lift 5 m%s of water to a height of 200m when running at 1500
rpm.

Solution:

(a) Number of stages (NNV;):

We have the specific speed relation as

EaNEs!

3/4 3/4
H H

[zmnﬁ} :[ﬁmﬁ}

1.
30°/4 i
H,=23873m
H 200
Hence N, =—= =696=7 Ans.
TT W T

(b) Diameter of each impeller (D,):

From Eq. (1.30).
(ND)’ . (ND)’ 5

30 23.73
or 7 = 5
{2000 x 300)" |, (1500 x D)~ |,

D, =30 m Ans.

12. The thrust (T) of a propeller is assumed to depend on the axial velocity of the fluid V, the density p
and viscosity p of fluid, the speed N in RPM and the diameter D. Find the relationship of T by
dimensional analysis.

— ST U N, P),
Tt ot my’ vors obly, = L @

FV w2 3-@

MZ;; 623" s @ . | ‘

7 (75, 75, e = st
(+2,
9, E 7/ (7!’L7 TC$>

RYiy DN fJARAA
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3T,

A Dy saa, . T HMET
3 “'-'N:"T"_B Y 2 kl_"l'—'
‘/MML Mz Moy
B N
- e (r™)
MNLIO'TC‘ 5 C.r'f) (H (MLT
M: 0= ( +l Ll. O" “1'5’31'*" T*'.O= “o, =k
. o= ) 2 b, '/
R v -
TI—' D—L’ f T 'y

=k, =1
: \Wi,': DA
DN

\ T e M
TC&—DNJM
: 0 L
W DNFf |
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P L s
D‘"N.’:/" DN DAOo
| ’-T, T __' )
.::% ; D'ﬂyt’/’ DN D )j

13. From the performance curve of a turbine, it is seen that a turbine of 1m diameter acting under a
head of 1m develops a speed of 25RPM. Determine the diameter of the prototype, if it develops
10,000kW, working under a head of 200m with a specific speed of 150RPM.

—> Meoole f
Dm= ,m
il i W 7;4;7 Wﬁ; # () Uf)
) 13
- 'm.
Hm w (HF)"‘/H
. Wy _ \ Yo
ﬂﬁ%s ] A.ooa ) Iso = Ne (roosome®)
-‘. U e e e e p——
) % ! : 57 .
/;p,-' 200m (20057
Mg = 500 g;_:/@g-em
‘D= o A - 1128 1809. RPM
= S o °

7 J NI, z I&-'Kb3v_ R}fij

Th e gt g i 7

/"‘p ,D,:

“-, 2.
Soox Oryre?d X

(& -6030

0313y m jj

Pp
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14. A centrifugal pump delivers 1 m%/s against a pressure of 40 m of H20 at a speed of 1200 rpm.
Calculate: (i) Specific speed of pump (ii) Power of pump if it requires 50% more discharge. Take
diameter of impeller 0.5 m and no = 33%.

or

A centrifugal pump delivers, m®s against a pressure of 40m of water at 1200rpm. Calculate the
dimensionless specific speed of the machine. Further, find the speed of rotation and power of the motor
(prototype) for delivering 50% more discharge. Take the impeller diameter as 0.5m and overall
efficiency of 33%. Assume (D1 = D2).
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15. Test on a turbine runner 1.25m in diameter at 30m head gave the following results, power developed
736kW, speed is 180rpm and the discharge is 2.7m?/sec. Find the diameter, speed and discharge of a

similar runner to operate at 45m head and give 1472kW at the same efficiency. What is the specific
speed of both the turbines?
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16. A hydraulic turbine has a scale ratio of 1:10. Following data refers to model and prototype, model:
P =25kW, N =500rpm, H = 10m, o = 0.8. Prototype : H = 130m. Determine the discharge speed, power
and overall efficiency of the prototype.
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Part — B Questions

1. Derive Euler’s energy equation for turbomachines using theory of conservation of momentum.
or
Derive the basic Euler energy equation for a turbomachine

2. Derive alternate form of Euler’s energy equation for turbo machines.

or

Starting from the fundamentals arrive at the alternate form of Euler turbine equation.

or

Derive an alternate from of Euler turbine equation and explain significance of each energy
components.

3. Explain degree of reaction and how it is used to classify turbomachines
4. Define degree of reaction, derive a general expression for degree of reaction of turbomachine.

5. Define degree of reaction and derive relation between degree of reaction and utilization factor.
or
Define utilization factor. Obtain a relation between degree of reaction and utilization factor.

6. What is degree of reaction? Briefly explain the significance when degree of reaction is 0.5, less than
0.5 and greater than 0.5 with the velocity diagrams.

or

Define degree of reaction (R). Construct the velocity triangles fori) R<0ii)R=0iii)R=05iv)R=1

7. Define degree of reaction and explain how static and dynamic pressure heads influence it. Why
degree of reaction for an impulse turbine is zero?

8. Define degree of reaction of a turbomachine. For an impulse type of turbine, why degree of reaction
R is zero? Supplement your answer with the definition.

9. The following data refers to a turbomachine. Inlet velocity of whirl=16m/s, velocity of flow=10m/s,
blade speed=33m/s, outlet blade speed=8m/s. Discharge is radial with an absolute velocity of 16m/s. If
water is the working fluid flowing at the rate of 1m3/s, calculate (a) the power in kW, (b) the change in
total pressure in kN/m?, (c) the degree of reaction.

10. The following data refers to an axial flow compressor.
Machine: Axial flow compressor

Degree of reaction: R=0.5

Inlet blade angle: f1=45°

Axial flow is constant: Vi=V=100 m/s
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Speed of blade: n=6000 rpm

Diameter of the blade: d=0.5m

Blade speed: ui=uz

Mass of air: m=2 kg/s

Calculate (a) the fluid angles at inlet and outlet and (b) the power required.

11. A model of Francis turbine of 1:5 scale ratio is tested under a head 1.5m. It develops 3kW at
360RPM. Determine the speed and power developed under a head of 6m.

12. An output of 10kW was recorded on a turbine, 0.5m diameter, revolving at a speed of 800RPM,
under a head of 20m. Determine the diameter and output of another turbine which works under a
head of 180m at a speed of 200RPM, when their efficiencies are same.

13. Combustion products from combustion chamber in a turbojet engine approaches an axial flow
turbine rotor with an absolute velocity of 550 m/s at 18° angle from wheel tangent the mass flow rate
is 60 kg/s. If the axial velocity is constant at inlet and outlet of turbine find the power output and
degree of reaction when blade speed is 300 m/s. Also the absolute velocity at rotor exit is in axial
direction.

14. Find the degree of reaction for a sprinkler through which water leaves the jet with an absolute
velocity of 3 m/s. The sprinkler arms are 0.2m in length and it rotates at 140rpm.

15. An inward flow radial turbine has the following data: Power = 180kW; speed = 34000rpm, outer
diameter of impeller = 0.20m; inner diameter of impeller = 0.08m; Absolute fluid inlet velocity =
293m/s (radial). The fluid enters the impeller axially. Determine the percentage of energy transfer due
to change of radius.

16. In a mixed flow turbomachine the fluid enters such that the absolute velocity is axial at the inlet
and at outlet relative velocity is radial. What is the degree of reaction and energy input to the fluid, if
relative velocity at outlet is same as tangential blade speed at inlet? The following data may be used,
i) Inlet diameter = 16cm,

ii) Exit diameter = 50cm,

iii) Speed = 3000rpm,

iv) Blade angle at inlet = 45°.
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