of
ine on. An outline of a turbine is shown in Figure 1.2. From this vie
is that flow goes into it and as if by magic the shaft turns and produces

i wei;iook‘ at the device in an exploded view (Figure 1.3) we see that as well as a number of
and bearings there is a row of aerodynamically shaped objects that don’t move followed by a1
aerodynamically shaped objects that provide the torque to the shaft.

" The objects are known various as blades, buckets. nozzles. aerofoils or airfoils. In this book
‘will generally refer to them as blades. The row of stationary blades is known as a stator and the 1

| of rotating blades connected to the output shaft is known as the rotor.

The basic mechanism of operation is as follows (Figure 1.4):

1. the fluid flows directly into the device in an axial direction (in line with the machine) —

2. the stator blades turn the flow so that it is lined up with the turbine blades

he turbine blades turn the flow back towards the axial direction and turn the output shaft
Download free ebooks a
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Figure 1.2: A Simple Turbmne
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3. Flow is turned back

Rotation
by the rotor blades

Rotor

Figure 1.4: Simple Turbine Operation
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End on Sketch

Very large radius

Figure 1.6: The Cascade View as a Large Radius Machine
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Figure 1.7: Meridional View




The mendmnalf VIEW 18 much mme ‘s mghttmwal d than the cascade view and is 1llustrated

\ | \\ i
- 1.7. On the left of Figure 1.7 is ﬂmg fam ‘lﬂl 3D view of our simple turbine. For the meridi

~ instead of looking at the tip of the bladle tlllS time we take a side on view of the whole turl
- look at a cross section of the nmchme af the hub and tip radius. This is highlighted by a red |
 the right of Figure 1.7 is the actml :meuchonal view which shows the stator followed by the
cross section. The actual machine radius r is usually very large compared to the blade hexgh ,
so the axis of rotation is not always shown in the meridional view. e

1.7 Assumptions used in the book
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Figure 2.1: Relative and Absolute Velocities for a Cyclist

1D Motion



|  sh: lahel f} and ca]l it the “frame velocxty” the velomlxy of th

ﬂllS the “absnlute velomty” Clearly the absolute velocity V is the velocxty

an observer watching the cyclist. The wind velocity experienced by the cychst 1s ¢
velocity” and given the symbol W e

The first case shown at the top of Figure 2.1 shows the simplest case, if there 1s no wmd t
server watching the cyclist will experience no wind and the cyclist will experience a relative velo
that 1s equal and opposite to that of the speed at which he or she 1s cycling. So the relative veloct

WU

The second case concerns a tail wind that is roughly equal in magnitude to the speed of the bicycle
[/ This is shown in the middle of Figure 2.1. In this case a stationary observer would experience the
wind velocity but since the cyclist 1s moving at the same speed as the air the relative velocity W will
be around zero and the cyclist will experlenc;L- no wind. |

The third case concerns a head wind that is again roughly equal to the velocity U of the bicycle
in magnitude but not in direction. This is shown at the bottom of Figure 2.1. A stationary observer |
would experience the same wind velocity as in the second case but i a different direction. The cychst
however has a very different experience. The relative v elour\ 1s made up of their own speed T (that . “
of the first case) added to that of the oncoming wind V. By inspection we can see that W=V -t
Since V' is negative the cyclist now has to work much harder to maintain the same forward speed.

This suggests a generalisation of the relationship between relative and absolute velocity:
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Figure 2.2: Velocity Triangles for an Aircraft Landing



Figure 2.3: Graphical Addition and Subtraction of Vectors

subtract two vectors A— B graphically: reverse the direction of B then proceed with ad
ectors as before.




s book we consider a Cartesian coordinate system consisting of an axial ‘a:,_;; ¥
.t of coordinates. The velocity of the frame of motion is denoted by U. velociti
otion are denoted with W and absolute velocities are denoted with V. Consider atmb
f a stator and a rotor. the cascade and meridional views are shown in Figure 2.;43“‘ra.; n

;E@rdinate system.

There are three points that are of interest to us entry to the stator. the gap between the

and the rotor and exit from the rotor, these are labelled 1,2 and 3 respectively in Figure 2.
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Figure 2.4: Cascade and Meridional Views of a Turbine S
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- Velocity Triangles at Station 3 of a Th



Vi o

V cosa

V sin

= M tona

W2 = W}+W?2
M. == Wenig
Wa = Weging
Wy W, tan 3

trigonometry we can also work out that W, = V;, for all turbomachinery. 1
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i an the same height in both arms o( the U tube (see Figure 2.7(a)). When one end
er end to a vessel with a pressure different from the atmosphere, the mercury col

Suppose the fluid in the bulb has a density p, and the density of mercury to be p,. Furthermore, assume the p

inside the bulb to be P,. Once the mercury column attains equilibrium, a simple force balance at a point just inside

static mercury meniscus will give

PO I hlplg uuuuuu ntm g h?qu

Rearranging terms gives

Py — Patm = hapmg — 1p19 (2.14)

Manometers could be used to measure the pressure difference between two points. Consider an arrangement as shown in

“ury in most cases, connected to a pipe across a restriction

Figure 2.8. A U-tube partially filled with a heavier liquid, merc
in the pipe. Density of the fluid in the pipe is p, and the density of the heavy liquid is p,. Pressure at two tapings to which

the manometer arms are connected are P, and P, (Pﬁ"'[)-)'
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Lt
This chapter provides an immediate application of the principles of relative motion by
horizontal axis wind turbine as an example. Such a wind turbine is shown in Figure 3.1
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Real Wind Turbine Side View Front View

Figure 3.1: Wind Turbine Picture and Sketch )




i The Veloc1ty triangle fm the wmd tulbme blade can then be drawn according to f ‘
‘procedure and 1 15 shown on the left hand side of Figure 3.2. The flow that is known is th “

wind velocity V which is in the absolute frame of reference. The blade speed. U is then dl*

~ the triangle is closed by the relative velocity W. The triangle can then be checked by folld?
~ relative velocity vector and the blade speed to ensure that the same point is arrived at if v

followed.

The blade therefore experiences a velocity of magnitude W and angle 3 which will p
force on the blade. |

Recall that from basic mechanics that a force in two dimensions can be resolved mto

~ pendicular components of any orientation. Two particular ly convenient directions are fmmd

| erpendicular and parallel to the i incoming flow. The force perpendicular to the incomi W
- known as the lift force L and the force parallel to the i mcoming flow is known as the

e




