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e power per unit span is given by the torque multiplied by the rotational speed. this can thexlz‘
ated from the hub to the tip to give the total power on the blade. f
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10 W “thfl ﬂlq incoming ﬂow Note how the lift and chag remai
it ﬁlﬁmmmg mc:ldence ahd that the aerofoil chord ¢ also does not change with

i j ‘;iﬂhe flow 1elat1ve to the aer d)fml that ploduces the 11ft the incoming velocity 1s the

i the axml chmd of the aer otml and the 111\(.0111111g flow.
The lift and dra g are usually explessed in turns of a non-dimensional coefficient so that they ca

~ be scaled for size. fluid density and incoming fluid velocity. These are given by:

L

Cp, = |
LT ToW2e

where L is the lift force per unit length of aerofoil. The drag coefficient is given in a very sim‘ﬂam‘j‘
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Simple Analysis of

lution per second. The blade chord length is 0.5 m. Taking the design point at 85% maximu

ndition and ignoring the drag on the aerofoil estimate the power output per unit blade span
f 6 m for each blade.
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il “‘tnangle such as t‘he one in Flgme % i F1 om tlns tr 1angle we can see that:

N s T e W

W=l =1 % 2w % & = 3T, w8

V is the wind speed at 10 m/s so:

= /37.72 4+ 102 = 39m/s
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Incidence 1 / [*]

Figure 3.5: ', and C'p for a NACA 0012 Aerofoil

~ The relative flow angle 3 may also be calculated:
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Gy and Cp fo
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‘mgn c:mwentmn 111 thm D00k
‘{/élomty calculated the hft force can nov
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| The tangentlal force pex ulm qum ;:.qn be calculated:
\ \ | \ N

Fg“‘: h[}*alﬂxcos?'_’)l — 131 N fen

and finally the power ‘output per unit span can be calculated

P = Fp x wr = 131 x 37.7 = 4939 W/m



The tangential force per unit span can be calculated:

Fyp = Lcos 8 =510 x cos75.1° =131 N/m

and finally the power output per unit span can be calculated

P = Fp x wr = 131 x 37.7 = 4939 Wim

3.2 Wind Turbine Design

In wind turbine design the turbine designer has three primary variables that he or she can change:

1. The type of aerofoil to be used. In this book the NACA 0012 aerofoil is used for simplicity
but there are actually a wind variety of aerofoils available many designed specifically for wind
turbine use.

2. The chord length ¢ along the span of the blade.
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1t‘uire can endlue the mmeased amal loading. The dlawback of this techmque |

L :‘ pﬂedlctmg the onset of stall and the flow around a stalled aerofoil is very difficult.

2 ;‘Pitch Control. The blade 1s provided with an actuated mechanism to vary the blade angle
‘ different wind conditions. When the wind speed is too high. the blade angle is altered to redt
‘incidence. This is shown in Figure 3.7 in Case A on the left the wind turbine blade angls
7 1s set so that the incidence ¢ is large. In Case B on the right the blade angle has been
so that the incidence i has been reduced. The inset in the bottom left of Figure 3.7 s
fthe two blade shapes super imposed to hiohliOht the differences between them. In low f,f‘
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devices as do all 1a1.qe power station equ1p111ent and w md nubmes are the most Vlsually stnkmg
example. =

The complication with axial flow machines compared to the simple one see in Figure 1.2 is that
more than one stage may be present. This idea allows energy to be extracted in “small bites” from the
machine allowing very large pressure ratios to be used in a single device - indeed it was this concept
that 1s the key to the superiority of steam turbines compared to reciprocating engines. A single stage
is sufficient when the fluid does not have a great deal of energy to be extracted for a turbine or when
the requirement is for a modest pressure rise such as in most fans.

4 2 Radial and Centrlfuqal FIow Machmes_

!

PDF

S:\UserData\Docu... | A i ME_206_Intro iloma in Mech...



‘)
,.

‘ 0 \‘Hi\ ‘ ‘
To introduce the 1dea dt a Ié 1dlmal ﬂow machine we will discuss a specific instance, that*

flow pump. A genelal arrangement drawing of the pump is shown in Figure 4.1, on the left (
section of the pump is shown and on the right a plan view. Two components are shown in each vi
the outer casing also called the “volute” or “scroll casing” the aim of which is to ensure an even
distribution of flow out of the machine, the area is therefore gradually increased up to the dlscharg
pipe. The second component is the rotor also called the “impeller”.

The operation of the machine is such that flow approaches the device through the inlet pipe in the
axial direction. the fluid is then turned through 90° to the radial direction where it enters the impeller.
The rotor then increases the angular momentum of the fluid and it exits in the radial direction info
the volute. The pump shown in Figure 4.1 has no stator following the rotor, the fluid slows and |
experiences a rise in static pressure simply by the action of the increased cross sectional area of the
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Impeller

inthe ‘f ‘?‘1 Volute

Figure 4.1: Radial Pump
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3D View

Figure 4 3: Centrifugal Impeller

widely used in small gas turbines such as the auxiliary power unit found on most a rop
o111 fugal designs and are used exclusively for turbochargers on internal combus! 1on engines.
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L Very large radius

Figure 4 4. The Cascade View for a Radial Impeller
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Rotation

Blade Tip Blade Hub

Figure 4.7: Constructing the Cascade View for a Centrifugal
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Figure 4 8: Velocity Triangles for a Centrifugal Impeller

| Note that the analysis of radial flow machines is not restricted to pumps, the tec
ipplicable to hydraulic turbines, turbochargers and so on.




terms

flud. This is an approach commonly used in hydraulic turbines as i
of thE resm'voir or the height above river level that the turbine 1s situated at.

H Hydrauhc turbmes are u*sually classified in terms of fotal head. For any position 1n a flmd
the tutal head 15 gwen by the followmg equation:

‘ V‘Q
BLE
pa  2g

L twe exmnme the total head at the dam of a reservoir (Station 0 in Figure 4.9) where the

datum 15 | *the river level at exit from the turbine. The surface area 1s very large so V' = 0 an

the pressure 1s at atmospheric pressure p = 0. The total head 1s therefore given entirely by tl
2. At entry to the turbme however the he1ght term 2 = O but the pressure and velamty te
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Figure 4.10: The Four Major Types of Hydraulic Turbine

Assuming that there are no losses the maximum velocity that would result from a nozzle placed

next to the turbine open to the atmosphere can easily be found: |
P0 \n") L 7 \71" L ‘H
= P2 o e .
g Pg 29 o
But 2y = 0and py = p; = O and vy = () therefore:
V¢ —
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