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Velocity triangles

It is the component which is responsible for “actual work done” across blades.

The jet of fluid that strikes the turbine blades, has its two components:

1. Whirl component

2. Axial thrust
The whirl velocity is the tangential component of absolute velocity at the blade inlet and
outlet. This component of velocity is responsible for the whirling or rotating of the turbine

rotor.

Otherwise

In turbomachinery, a velocity triangle or a velocity diagram is a triangle representing the
various components of velocities of the working fluid in a turbomachine.

Velocity triangles may be drawn for both the inlet and outlet sections of any turbomachine.
The vector nature of velocity is utilized in the triangles, and the most basic form of a
velocity triangle consists of the tangential velocity, the absolute velocity and the relative

velocity of the fluid making up three sides of the triangle.

A general velocity triangle consists of the

following vectors: (Axial Component In Case of Axial Machines,

Radial Component In Case of Radial

Machines).
V : Absolute Velocity of The Fluid. achines)

The Following Angles Are Encountered During

U : Blade Linear Velocity. The Analysis:

V.: Relative Velocity of The Fluid After A: Angle Made by V With The Plane of The

Contact With Rotor. Machine (Usually The Nozzle Angle or The
Guide Blade Angle).

V.. Tangential Component of V (Absolute
Velocity), Called Whirl Velocity. B: Angle of The Rotor Blade. Absolute Angle

Vi Flow Velocity


https://en.wikipedia.org/wiki/Turbomachinery
https://en.wikipedia.org/wiki/Working_fluid
https://en.wikipedia.org/wiki/Turbomachinery
https://en.wikipedia.org/wiki/Vector_(mathematics_and_physics)
https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Rotor_(turbine)
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Vu2 = Whirl component of absolute velocity at outlet;

V{2 = Flow component of absolute velocity at outlet ; Inlet and Outlet Velocity Triangles
Referring to velocity triangles

1 — Inlet, 2 — outlet

V1 = Absolute velocity of the fluid at inlet (before entering the rotor vanes)

Vrl = Relative velocity of the fluid at rotor inlet

Vul = Tangential component of absolute velocity

OR

Whirl component of velocity at inlet

Vru2 = Whirl component of relative velocity at outlet

U2 = Linear rotor velocity at outlet

1 = Fluid or jet angle at outlet (To the direction of wheel rotation)

1 = Vane (blade) angle at outlet (To the direction of wheel rotation)

Vil = Flow component of absolute velocity at inlet

Vrul = Whirl component of relative velocity at inlet

U1 = Linear rotor vane velocity at inlet

1= Absolute jet angle at inlet

1 = Vane (blade) angle at inlet

Referring to outlet velocity triangle
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The above figure shows the velocity triangles at entry and exit of a general TM. The angular

velocity of the rotor is @ rad/sec and is given by

2N

Ww=—=—=-

60
The peripheral velocity of the blade at the entry and exit corresponding to the diameter

D, and D,are given by

nDN
Uy = -—-
60
?TDzN
Uy = -—=
60

The three velocity vector V, u and V;at the section are related by a simple vector equation

The above figure shows the velocity triangles at entry and exit of a general TM. The angular

velocity of the rotor is ® rad/sec and is given by

_ 2N

Ww=———-

60
The peripheral velocity of the blade at the entry and exit corresponding to the diameter

D, and D,are given by

nD N
up = -— =
60
]'TDzN
Uy = -———3
60

The three velocity vector V, u and Viat the section are related by a simple vector equation
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V=u+l———4

Considering unit mass of the fluid entering and leaving in unit time we have

Angular momentum of the inlet = V,;; x Ry — — — =5
Similarly
Angular momentum of the outlet = Vyp X R — — — —6

Torque produced = rate of change of Angular momentum
T = {Angular momentum at inlet} — {Angular momentum at outlet}
T =VuRy) — (VigRy) —— =7

Therefore the work done is given by

W = Torque x angular velocity of the rotor
W = (Vy1Ry = VipRo)w

= [V1(wRy) = Vo (wRy)]

2N 2N
= V1 WRI — V2 ERZ
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VulﬂDlN Vuzﬂ'DzN
60 60

W = [Vyiuy = Vygtp] = — =8

RADIAL INWARD FLOW FRANCIS TURBINE
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From inlet veIocnty triangle
Vir® =V = Vs
Vn = Vn ¥ le
Vn = Vl = ul +(Vi - U1)2
=Vi- V,f + V/f— Vutls + U

Rearrangmg
VUi = V1 + U| —Vn U-l » u‘(d?“
ViiUs = V2 + U2 = V,2 | m%s? OR Nm/kg... (1) vq’ g
2
o
From outlet velocity triangle
Vi’ = Vo® + Vig? t
Uz 1
! f
= (U2 -Vid? + (V- VD) 1o — =
| Y Ma "fVa
Taking Viy2 = (U2 — V,2) in magnitude only and not in directions &,
Vii? = U - 2Viols + %2 +V2- %2 Vy. sz_‘ F
= Vo
ViaU; = Vo2 + U2 = V2 | m¥s? OR Nm/kg... (2)
2 ; 2 Ay

CASE 1:

Taking direction of rotation as positive

V.1 +ve and V; also +ve.

Work done/kg or Energy transfer in Turbine
Work done’kg = (VulUi =Vui2Uz)

2 2

[V12— V22] 3 [U12— U22] + [Vr22— Vr12]
2 2 2

Energy Transfer (E)
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Components of energy transfer

Vi-v3

2.
1. — i change in absolute kinetic energy in m?%/s*

/s* or Nnvkg

Ui-U3. _ _ _ . .
1s change in centrifugal energy of fluid felt as static pressure change in rotor

blades in m?/s* or Nm/kg
VZ,—VE
2 Vriy, S, - : . ; aa] T -
> Is change in relative velocity energy felt as static pressure change in rotor

(¥ )

blades in m2/s2 or Nm/kg
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Question and answers: -

Draw velocity triangles at inlet and outlet of typical Francis turbine vane.

Ans. There are three types of velocity triangles for. inlet and outlet in Francis turbine.
Triangles are made for slow runner, medium runner and fast runner.

i VWg )
Ll

",

—— U ——]
Vw1-o-

V!
Vi %

Uy

Fig. Fast Runner



