ChE 374-Lecture 32—Turbines

Pumps add mechanical Energy to increase the fluid head. Turbines EXTRACT mechanical energy at
the expense of fluid head (decreased pressure).

Turbine types:

— Hydraulic, wind, steam, gas.
— Typically more efficient than pumps (larger, less separation, lower speed, narrower operating
range).

2 Types: Positive displacement (for flow measurement), and DYNAMIC (our focus, for power produc-
tion).
— Dynamic: pumps have impellers, turbines have runners.

* 2 types: Impulse and Reaction.
Impules turbines (Pelton Wheel)
— High Head, Low Flow.

— Fluid through nozzle, deflected in a wheel of buckets. Pressure is converted to kinetic energy, that
impinges on and rotates the bucket wheel.

— Analyse with a momentum balance.

*x Optimal redirection angle is 180° in theory, and 160° as a practical compromise.
* Optimal bucket speed is u = V} /3, where Vj is the jet velocity. (Book says its u = V;/2).
* Efficiencies up to 90%

Reaction Turbines.

— As for pumps, have Centrifugal, Mixed Flow, and Axial.
— 2 Types: Fracis and Kaplan

* Francis: Radial and Mixed Flow: Med. Head and Med. Flow.
* Kaplan: Axial Flow (propeller with variable pitch): Low Head, High Flow.
* 1= bhp/pgHV.

Wind Turbines:

— Wvail = K-E. x flow rate = $v?m = 1 pv®A.
* Power o< A, Power o v°.
= 1= Cp = W/ Waail-

% Show with momentum balance and B.E. that Cp, max = 16/27 = 0.5926.
- This is the best possible, and the best in practice is around 0.45.

Scaling laws are similiar as for pumps: Cpg, Cq, Cp, n, but use Cp, not Cqg as the independent
parameter.

Choose turbine type based on the Turbine specific speed Ng;.

— Impulse for Ny < 0.3
Francis for Ny = 0.3 — 2
Kaplan for Ny > 2
CAREFUL OF THE UNITS



/
Lectore 20 — el ien, O

. P""‘"?” et enpled Mm,hant‘aj 4—%37 Les Y el Cluet /J/mJ Lea-)
. T«J?Lgl'--m — e ctc_-(’- Md‘\ﬂwflﬂj C,'—'»-‘-"’?;/ v'.& //M'J L\f-”‘)o

. ‘TYPM
H-./c!ra rié &—J'
. v Pie X LA e e 1

‘. . Tt i/, Ay e Pt e Punp
i~ T lergen — Jese  gise efbects (L"?’#l ’e
Stece—~— : 3 ’ . )

~ Less Srlp«.ac.Jf'av«

é‘r./.)

C?rww Tops )
- Loty Loed o lowes Jrielio—

T

- Metower op, )?4-*7#’ e et Zpep il e D«ez:?.._
* Twbhi~<n cy, fibe: Saormge N A

4 ";.r:*uf nechioea Lo a;?_ Lo e Pa—fr &2
s

; = -{—....-q‘j}.-—f

L TTypes
* Pogidive "D;gp/czf--u-/ -

= l"'\os-Hy Md—r)/m f,'é.‘) ,veM....q‘-\_&j’ V.J"’ Tt Pf“@).
" D‘/"'&C‘-—“‘f(.

- ward fo oo o PN
T pPep = 1-—«;::#”)
- ﬁM\o‘._' -, Ruvlﬂe)')'

-

& 5 1’7;wj -
é) Z--\F-J@J.e
Cz) Recetion .

:Lﬁ?-‘""‘-" — = Telloa bbk«:ffl.
s H.‘fL Hew)  owrn jA»‘-
*‘F(w:') ge {'Lrou?k Nezzle —m P —» KE

- NDZ?J( /157’ Db//(qfq) In 2 Judmf é#"*'?""’j s W‘-J to g

= P """J wic Pow )l

- Flow 3¢ g?!:il, )e'eJi{mIC-J- ."'l



Pelon

PR

f i . ~ F
_”/ ' g ! . = W

o éfowc i 1,._;(!:5'} \z_o -"o\..]

"] Fwesag-c Z" J»&J .

r(‘au—\. B‘Jd—-zr'- ép-q"‘fo‘ ol v maa-a) éu’claj_

E w (M\J ja«f - ("‘:"\]');f\

i /
* WE Fue = ,;un(r--‘{)-)(v,-u7(\-casﬁ7
R - B Al

dP | T
~ in  praclice B~ 1O iz il beck 3/ e €7

— s e Lot Neswll 2 ja mo— Radersc

ﬁ?.h4 foer v Shan *y_)cf//ﬁ-‘-} 1g0°



u =
UJ (—7r . —VL
\_/\/\_) >
{(;\Jfﬁ-ﬁ
- |\,d" ,&t—?k wler=€ s (4 Uj
) g
71w e wh
Reaction Tenbi~en
Like Pumps = Cehifeged, ~imed oo, exic/,
2 ‘T\/P&’D
Freacis
K&i‘)f&’\_

Frencis  ——m  noddvad //@._) At%f__f_:—l
L //‘M pred  Heed

\@ Mw) /A;-J
foplon —== Anial flov

( peopelle l
\Flw%'f P"Zi') gQ i}%{ j’;\))

My s L = hp

“ Twbives  (om  be vty g.-?

m—

ém Leplyivtd / Cleo—

- “"‘“H'I' 5';"7(. oo CP{L)PLJS Femane

B 6_1(. Lo
- ot - exind ffoud.



Wind Tyt

KE x Kﬁ,u} pets

ave'l

= HUA = 2 VA
v ewer £ A
£\
1 F<p = _\«_J__
#f$A

(on  4lpu n.b/ Mo~ T2zl / L.E

7 rhad

¢ Rest * ia fP(aAiz( ~ 0,45

PR,

CP.I R = __..(.-é = 0;571‘;
27 e
s

(5(r Py 25~ E?-ﬁP)

e bes? P”.SSJI):J( i

o M

Like peps & &,

m Gk C\.‘ ot 4@; S ’;,qdeP PM&—-—-{!"M_
en = Gul &)
C‘Q *Ca (CPF)

M =Gy (\’)

; ; £
-ﬁ.{?a e J . r-y_‘{f{d.ggf!"7 ﬂ?{ ..-!-‘-j' %f[*‘;'

“H



/,'lwos:»«rj,_ T;hmp G T eanly s ,221"’" @
g}:err'P-'c < p-l"-c-e)

P
- Ia"\’
’ /’?64?& )
H«eﬁa - /o D
f/"!. 7]
N = Cé O‘ : L‘,‘S/-z 03/1 1,
=P 2—;[3/4 T wAaph s W e
)7;/.; Nz ( ? Y ):;/g{
T Pl o’( ’
Pt \V1 [\)S?
é'g.q.*}’— iy o xt e
1_») T % gem | oy
T
Ny
J
Lot ‘60 a‘ﬂ;-{ P "“P - 7.?( :
/(F”; N%p “/\ ];
Nx{") Nsp 18 -3.0
i Nsp y- 28 24
T-A?LFM ?u-“ ¢
,\'g%, = v LL‘?') ) - ‘J ) T
P 0 — n(r?"\)[ @(g /ﬁ“‘)]
Toeple Neg 423 4 (0
[Flaeis Ny p.3-72
g-ca)bf"“ N(?J s 2 [)..‘5( é’/) Iq /
‘ )
A (uhe )Y

(A0 Y7

Evwpten engin 0



