UNIT - V- TURBINES

PELTON WHEEL:

Y\

Symbol Description Unit
Tangential Velocity of
S ] m
U &y Runner at Tnlet & Outlet /s

Relative Velocity at Inlet &
ﬁ- m
Vr1 &V Outlet /s

Whirl Velocity at Inlet & m
Outlet #

Absolute Velocity at Inlet
— 3 m
I"'rl &VE & Outlet /s

Flow Velocity at Inlet &
S m
ufl&vfz Qutlet /s

Angle made by Absolute
Velocity at Outlet with the
Direction of Motion of
Vane

Angle made by Relative
Velocity at Outlet with the
Direction of Motion of
Vane

Degree

Degree



TANGENTIAL VELOCITY AT INLET AND OUTLET (OR)VELOCITY OF

WHEEL.:

Symbol
D —
N —

VELOCITY OF JET.

U =

I"rl
C, =
Symbol
Cy —
g ’
H ———
VELOCITY OF WHEEL.:
k., =
Symbol
Ky g
g .
H —

mTDN
60

Description

Diameter of Runner

Speed of Impeller

= C,J2gH

097 =099

Description
Coefticient of Velocity

Acceleration due to
Gravity

Head

ky2gH
0.43 — 0.45

Description
Speed Ratio

Acceleration due to
Gravity

Head

FROMINLET VELOCITY TRIANGLE DIAGRAM:

Unit
m

rpm

Unit

.mfrg2

Unit




Symbol

Description
Tangential Velocity of
Runner at Inlet

Relative Velocity at Inlet
Whirl Velocity at Inlet
Absolute Velocity at Inlet

FROM OUTLET VELOCITY TRIANGLE DIAGRAM:

Symbol

U, =+ Vy2
cos¢ =
Ur2
Vg2
tan ¢ = !
U, + Vw2
Vr2
sing = X
Vr2
Vg2
tanff = '
Vw2
Description
5  Tangential Velocity of
Runner at Outlet
——>  Relative Velocity at Outlet
—>  Whirl Velocity at Outlet
—_—

Flow Velocity at Outlet

WORK DONE BY JET PER SECOND:

Symbol

Vw1 &sz

W = pQ [vy, + vy2lu

Description

Tangential Velocity of
Runner

Whirl Velocity at Inlet &
QOutlet

Density
Discharge

Unit
my
M/s
M/s

s

Unit
m/s
my
m/s

m/s

Unit



HYDRAULIC EFFICIENCY:

2 [vwl + Uwz]u

Nhyd = >
1
Symbol Description
1 . Tangential Velocity of
Runner
Whirl Velocity at Inlet &
—
Vw1 &V Outlet
V1 —>  Absolute Velocity at Inlet
OVERALL EFFICIENCY:
Shaft Power
Mo =
Input Power
S: P
Mo =
pgQH
Symbol Description
p —>  Density
Q —>  Discharge
g > Acce.leration due to
Gravity
H =====P  Head

S P —>  Shaft Power

DISCHARGE OF SINGLE JET:

L
q:Z*d *Vl

Symbol Description
d ——>  Diameter of Jet
V1 —>  Absolute Velocity at Inlet
q —>  Discharge of Single Jet

Unit
s
s

Mfs

Unit

s

3
m/s



NUMBER OF JET:

e
q
Symbol Description Unit
Q —>  Discharge m3/s
q —>  Discharge of Single Jet mB/s
NUMBER OF BUCKET:
. D
Z= 15+ ﬂ
Symbol Description Unit
d ——>  Diameter of Jet m
D —>  Diameter of Runner m

DIMENSIONS OF BUCKET:

Axial Width B = 4.5d
Radial Length L = 2.5d
Depth of BucketT =d

Symbol Description Unit
d =2  Diameter of Jet m

KINETIC ENERGY OF JET:

1
K.E of Jet = = m V*

Since m = pAV

1
Therefore K.E of Jet = > pxAxVyxV,?



Since Q = AV

1
Therefore K.E of Jet = > p*Q * Vlz

POWER LOST IN NOZZLE:

Input Power = Kinetic Energy + Power Lost in Nozzle

POWER LOST IN RUNNER:

Input Power
= Power of Shaft + Power Lost in Nozzle
+ Power Lost in Runner
+ Power Lost Due to Mechanical Resistance

RESULTANT FORCE ON BUCKET:

F= pQ [vw1+ vwz]

Symbol Description Unit
F —>  Resultant Force on Bucket N
Vit &sz 5 \glllﬂ;lll; Velocity at Inlet & my
p —2>  Density kg/m3
Q —>  Discharge mg/s
TORQUE:
D
T = F E
Symbol Description Unit
F =—>  Resultant Force on Bucket N
D —>  Diameter of Runner m

T —>  Torque N—m




POWER:

2nNT
F="50
Symbol Description Unit
P —>  Power w
T —> Torque N—-—m
N —>  Speed of Shaft Rpm

SPECIFIC SPEED:

NJQ

H /4
N+ P
N = ;
H /4
Symbol Description Unit
Q —>  Discharge m3/5
H =  Head m
P —>  Power kW
N . Speed rpm

l

Specific Speed



REACTION TURBINE:

INWARD FLOW REACTION TURBINE:

Symbol Description Unit
ity \ "X\ Rgger ot Bl /s
Vit &vrz - g::lltzli;vc Velocity at Inlet & m;
Vit &Uwz AR TS \g{ﬁi}ﬁt\fﬁlocity at Inlet & my
V1 &Vz Bk gbcs)?lltttltt; Velocity at Inlet my
vfl&vfz St E;St\;;:t\fciocity at Inlet & my

Angle made by Absolute
Velocity at Inlet with the

a — o i . i
Direction of Motion of

Degree

Vane

Angle made by Relative

Velocity at Inlet with the Dekies
Direction of Motion of

Vane

Angle made by Relative

D
Velocity at Outlet with the e



Direction of Motion of
Vane

TANGENTIAL VELOCITY AT INLET:

ﬂ'le
Ui = ——
60
Symbol Description
d 5 In.lt:t (or) External
1 Diameter
N —2  Speed of Turbine

TANGENTIAL VELOCITY AT OUTLET:

Td 2 N
U = Sy
60
Symbol Description
d > O}cht (or) Internal
2 Diameter
N —>  Speed of Turbine

FROM INLET VELOCITY TRIANGLE DIAGRAM:

Ve
sina = i
Vi
cosa = m
Vi
Vrq
fana = —‘-f—
vwl
Urq
sinf@ = bl
(%1
Vw1 — Uy
cos B =

Vr1

Unit

rpm

Unit

rpm



tanf =
Vw1 — Uy
Symbol Description Unit
(- Whirl Velocity at Inlet Tl
Vi Absolute Velocity at Inlet My
Vrq Flow Velocity at Inlet LT
Tangential Velocity of my
Uy Runner at Inlet 2
Vpq Relative Velocity at Inlet mys.
Angle made by Absolute
Velocity at Inlet with the D
& Direction of Motion of R
Vane
Angle made by Relative
Velocity at Inlet with the
D
o Direction of Motion of o
Vane
RELATIVE VELOCITY AT INLET:
LY 2 2
Vpp = Jvfl + (Vw1 — uy)

Symbol Description Unit
V1 Relative Velocity at Inlet ms.
T4 Whirl Velocity at Inlet /e
Vr1q Flow Velocity at Inlet mfe

Tangential Velocity of my
U Runner at Inlet A
DISCHARGE.:

Q = Hd1b1vf1 = Hdzbzl?fz

Q = Avfl = Avfz - Aflvfl = Afzvfz

Symbol Description Unit




Flow Velocity at Inlet &
Ufl&vfz -_— m/s

Outlet
d,&d, — Elllirtll;tccr) Sttlitmpeller at .
bl &bz —_— glg:]hﬂg Impeller at Inlet .
Q —>  Discharge ¥t /S
A —>  Area of Runner 2
Ap1&Ap; _— (:A}]u:;]e?t Flow at Inlet & m,

MASS OF WATER FLOWING THROUGH THE RUNNER:

m= pqQ
Symbol Description Unit
Q =2  Discharge m3/s
p —>  Density kg/m3
HEAD AT INLET OF TURBINE.:
1 Vfl 8
H=—*vw1*u1+2—
g g
Symbol Description Unit
Vi1 =—>  Whirl Velocity at Inlet M/
Vr1q —>  Flow Velocity at Inlet Ml
Tangential Velocity of
—_— m
Uy Runner at Inlet /s
g —>  Acceleration due to gravity m/sz
INPUT POWER TO TURBINE (OR) POWER GIVEN TO TURBINE:
P = pgQH
Symbol Description Unit
p ——>  Density kg /m3

Q —>  Discharge m3/5



> Accc—:.leration due to
g Gravity

H —>  Head

POWER DEVELOPED BY TURBINE:

P=px*xQ* vy * Uy

Symbol Description
p —>  Density
Q —>  Discharge
P —>  Whirl Velocity at Inlet
Tangential Velocity of
Uy —_— g - y
Runner at Inlet
HYDRAULI FFICIENCY:
" _ Uuyily
hyd —
44 g H
Head Inlet — Head Loss
Nhyd =
Y Head Inlet
Symbol Description
n 5  Tangential Velocity of
1 Runner at Inlet
- =2  Whirl Velocity at Inlet
N Acceleration due to
g Gravity
H w=P Head

OVERALL EFFICIENCY::

_ Shaft Power

B Input Power

No

P

o= hgQH

'm/sz

Unit



Symbol

= @ O ©

S.P
SPEED RATIO:

Symbol
u

H

g

Ky
FLOW RATIO:

Symbol

Ky

K, =

Kfz

Kf:

Description
Density

Discharge

Acceleration due to
Gravity

Head

Shaft Power

u

2gH

06— 09

Description
Tangential Velocity
Head

Acceleration due to
Gravity

Speed Ratio

YL
2gH

0.15-0.3

Description

Flow Velocity at Inlet

Head

Acceleration due to
Gravity

Flow Ratio

Unit

/s

'm/sz

Unit




SPECIFIC SPEED:

N, = NyQ

3
H/4
N+ P
Ny = —
H>/4
Symbol Description
Q —>  Discharge
H —> Head
P —>  Power
N —>  Speed
ecific Spee
5 —>  Specific Speed

OUTWARD FLOW REACTION TURBINE:

=Yg
Al
oL A6

i L) Vo, .

Symbol Description
Tangential Velocity of

—_—

Uy &u; Runner at Inlet & Outlet

Unit

m? /s

474

rpm

Unit

/s



Relative Velocity at Inlet &
—_—
Vr1 &V Outlet

N Whirl Velocity at Inlet &
Outlet

Absolute Velocity at Inlet
—
Vl &VZ & Outlet

Flow Velocity at Inlet &
—
vfl &vfz Outlet

Angle made by Absolute
Velocity at Inlet with the
Direction of Motion of
Vane

Vw1 &UWZ

Angle made by Relative
Velocity at Inlet with the
Direction of Motion of
Vane

Angle made by Relative
Velocity at Outlet with the
Direction of Motion of
Vane

) —_—

TANGENTIAL VELOCITY AT INLET:

wdqN
1T 760
Symbol Description
d1 =2 Inlet (or) Internal Diameter
N —>  Speed of Turbine

TANGENTIAL V CITY AT TLET:

Td 2, N
s — ——0—
60
Symbol Description
d 3 O}Hlet (or) External
2 Diameter
N —>  Speed of Turbine

FROM INLET VELOCITY TRIANGLE DIAGRAM:

my
/s
/s

Wwe

Degree

Degree

Degree

Unit

rpm

Unit

rpm




sina = —
Vi
cosa = 2
Vi
Vr1
tana = e
Vw1
Vel
sing = 2+
Vr1
Vw1 — Uy
cos @ =
Ur1
Vf1
tanf = A
Vw1 — U
Description Unit
Symbol
V1 =—>  Whirl Velocity at Inlet Hite
V1 —>  Absolute Velocity at Inlet m/.
Vrq —2  Flow Velocity at Inlet mys.
Tangential Velocity of
b m
Uq Runner at Inlet /s
Vg —>  Relative Velocity at Inlet LT
Angle made by Absolute
Velocity at Inlet with the
i Direction of Motion of SRree
Vane
Angle made by Relative
9 Velocity at Inlet with the Degree

Direction of Motion of
Vane



RELATIVE VELOCITY AT INLET:

Vpp = \/Uflz + (W — g )*

Symbol Description Unit
Vyq —>  Relative Velocity at Inlet mf.

. : -
V1 =2  Whirl Velocity at Inlet /e
Vr1q =2  Flow Velocity at Inlet i

Tangential Velocity of

— m

Uq Runner at Inlet /s

DISCHARGE!

Q — ?Id1b1‘l?f1 — ﬂ.'dzbzvfz

Q — Avfl —_— Asz = Aflvfl — Afzvfz

Symbol Description Unit
5 Flow Velocity at Inlet & m
vfl&'vfz Outlet /s
Diameter of Impeller at
—
di&d, Inlet & Outlet Ik
Width of Impeller at Inlet
—
b, &b & Outlet o
: 3
Q —>  Discharge m’/
A ——>  Area of Runner m?
Area of Flow at Inlet &
el m
Af 1&Af 2 Outlet /s

MASS OF WATER FLOWING THROUGH THE RUNNER:

m= pQ
Symbol Description Unit
Q —>  Discharge mg/s
p —>  Density kg/m3



INPUT POWER TO TURBINE (OR)POWER GIVEN TO TURBINE:

P = pgQH
Symbol Description Unit
; k
p —>  Density g /m3
Q —>  Discharge 'mB/s
g N écce.leration due to m/ ,
ravity S
H —>  Head m
POWER DEVELOPED BY TURBINE:
P=pxQx* vy * uy
Symbol Description Unit
p —>  Density kg /m3
Q —>  Discharge THB/S
Vw1 =2  Whirl Velocity at Inlet ms.
Tangential Velocity of
— g Y m
Uq Runner at Inlet /s
HYDRAULIC EFFICIENCY:
3 _ Vuily
hyd —
gH
Head Inlet — Head Loss
Nhyd =
4 Head Inlet
Symbol Description Unit
Tangential Velocity of
—_— m
Uy Runner at Inlet /s
Vit —>  Whirl Velocity at Inlet L
> Acceleration due to m/ ,
s

g Gravity
H —> Head m




OVERALL EFFICIENCY:

Symbol
p

Q
9
H

S P
SPEED RATIO:

Symbol
u

H

g

Ky
FLOW RATIO:

_ Shaft Power

No

No

K,

K, =

Kfz

Kf:

~ Input Power

5. P
pgQH
Description
Density
Discharge

Acceleration due to
Gravity

Head

Shaft Power

u

2gH

6.6 =80.9

Description

Tangential Velocity
Head

Acceleration due to
Gravity

Speed Ratio

Ui
2gH

(15 — 0.3

Unit
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Symbol

SPECIFIC SPEED:

Symbol

< "W oI D

=

Description

Flow Velocity at Inlet

Head

Acceleration due to

Gravity

Flow Ratio

NG

4
NP
H/a

Description

Discharge

Head
Power
Speed

Specific Speed

Unit
s

m

meE

Unit
3
5

kW

rpm

CEed451 — FLUID MECHANICS AND MACHINERY FORMULA BOOK
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FRANCIS TURBINE:

Symbol
uUq&ils
Url&vﬂ
V1 &Vy2
V, &V,
l?f-l &Ufz

s
\
Vaz= Ve =Y
Y12 b b
V'-|
"'v. j."iff_.'
ol e
| Ly l Voy
Description Unit
5  langential Velocity of my
Runner at Inlet & Outlet $
»  PRelative Velocity at Inlet & m
Qutlet =
5  Whirl Velocity at Inlet & my
Qutlet =
Absolute Velocity at Inlet
e m
& Outlet /s
Flow Velocity at Inlet &
— m
Qutlet /s
Angle made by Absolute
Velocity at Inlet with the
—) . D
Direction of Motion of b
Vane
Angle made by Relative
WVelocity at Inlet with the
—_ D
Direction of Motion of o
Vane
Angle made by Relative
: Velocity at Outlet with the Degree

Direction of Motion of
Vane



TANGENTIAL VELOCITY AT INLET:

mdyN
Uy =
60
Symbol Description Unit
Inlet {or) External
—
d 1 Diameter o
N =  Speed of Turbine rpm

TANGENTIAL VELOCITY AT OUTLET:

md, N
Uy = ——
60
Symbol Description Unit
Outlet (or) Internal
—l
dE Diameter =

N =2  Speed of Turbine rpm

FROMINLET VELOCITY TRIANGLE DIAGRAM:

. Vry
sina = i
V1
Vw1
cosag = —
Vi
Veq
tana = WL
le
. Ve
sinf = —
Vi
Vir — U
wi 1
cosf =
Vyq
Vr1
tanf = !




Symbol Description Unit

Vil =2 Whirl Velocity at Inlet L
Vi —  Absolute Velocity at Inlet s
Vgq —#  Flow Velocity at Inlet m/
Tangential Velocity of
ﬁ- m
Uy Runner at Inlet /s
Vyq —  Relative Velocity at Inlet L
Angle made by Absolute
Velocity at Inlet with the
Em— D
& Direction of Motion of CEInE
Vane
Angle made by Relative
Velocity at Inlet with the
— D
o Direcuon of Motion of i
Vane
RELATIVE VELOCITY AT INLET:
— 2 2
Vpp = Jvfl + (Vw1 — u1)

Symbol Description Unit
Vi1 —>  Relative Velocity at Inlet L
Pig —*  Whirl Velocity at Inlet L
Ufl =2  Flow Velocity at Inlet LY

Tangential Velocity of
T m
U Runner at Inlet /s
DISCHARGE!

Q = ]'Id]_b]_l?fl = Edghzﬂfz

Q — Avfl — AU}EE e Aflujfl — iquvfz

Symbaol Description Unit
Flow Velocity at Inlet &
ﬁ m
Vr1&Vyp2 Outlet /s
Diameter of Impeller at
S
d1&d; Inlet & Outlet m



> Width of Impeller at Inlet
bl&bz Pe m

& Qutlet
Q —*  Discharge mgfs
A =%  Area of Runner m?
Area of Flow at Inlet &
— m
Af 1&Af 2 Outlet /s

CIRCUMFERENTIAL AREA OF RUNNER:

A= Edlbl = Edgbz

Symbol Description Unit
Diameter of Impeller at
—
d,&d; Inlet & Outlet &
Width of Impeller at Inlet
—
by &b, & Outlet P
A s Circumferential Area of 2
Runner

MASS OF WATER FLOWING THROUGH THE RUNNER

m= pQ@
Symbol Description Unit
Q —  Discharge mgfs
p ——3 Density kgfmg

INPUT POWER TO TURBINE (OR)POWER GIVEN TO TURBINE:

P = pgQH
Symbol Description Unit
p —3»  Density kg me'
Q =2  Discharge m? 5
Acceleration due to
— m
g Gravity f 5
H —®  Head m




POWER DEVELOPED BY TURBINE:

P=pxQx vy * uy

Symbol Description Unit
p —>  Density k_t}'!.rmﬂ
Q =2  Discharge m? o
Vi == Whirl Velocity at Inlet Me
Tangential Velocity of
—_— m
Uy Runner at Inlet /s
HYDRAULIC EFFICIENCY.
n V1l
hyd —
¥ g H
Head Inlet — Head Loss
Nhya =
Y Head Inlet
Symbol Description Unit
Tangential Velocity of
# m
iy Runner at Inlet /s
Vi =3  Whirl Velocity at Inlet WL
Acceleration due to
i m
g Gravity fﬁ :
H =%  Head m
OVERALL EFFICIENCY:
Shaft Power
o =
! Input Power
D
Mo =
pgQH
Symbol Description Unit
p =32  Density k_t}'f.rmﬂ

Q =2  Discharge m? ,



g
H

5P
SPEED RATIO:

Symbol
u
H

g

Ku
FLOW RATIO:

—l
Gravity
—  Head
=2  Shafi Power
K u
u —_—
2g9gH
K,= 06— 09
Description
=2  Tangential Velocity
—®  Head
> ﬁﬂ:e_leruiiun due to
Gravity
—®  Speed Ratio
'I?fl
Kf = ——
20H
Kr= 0.15-0.3
Description
—  Flow Velocity at Inlet
===  Head
3 Ac-:c_lamiinn due to
Gravity
=%  Flow Ratio

Acceleration due to

Unit

s

mfﬂz

Unit

M/

mfsz



BREADTH RATIO:

by
n= —
dy
n= 01— 04
Symbol Description Unit
=  Width of Runner at Inlet m
b
—  Diameter of Runner at Inlet m
dj
n ==  Breadth Ratio
SPECIFIC SPEED.
NyQ
N, =
3/
H /4
N+ P
N. =
5 [ ,"
H /4
Symbol Description Unit
- 3
Q =2  Discharge it
H =t  Head m
P =%  Power kW
N — Speed rpm
P P
N —>  Specific Speed



KAPLAN TURBINE:

Vo= Ve Vg

Symbol
Uq&ils
Uy &V
V1 &Vy2
V,&V,
Uflgll?fz

Description
Tangential Velocity of
Runner at Inlet & Outlet

Relative Velocity at Inlet &

Outlet

Whirl Velocity at Inlet &
Outlet

Absolute Velocity at Inlet
& Outlet

Flow Velocity at Inlet &
Outlet

Angle made by Absolute
Velocity at Inlet with the
Direction of Motion of
Vane

Angle made by Relative
Velocity at Inlet with the
Direction of Motion of
Vane

Angle made by Relative
Velocity at Outlet with the
Direction of Motion of
Vane

Unit

s

s
/s

Mfs

s

Degree

Degree



TANGENTIAL VELOCITY AT INLET:

nD,N
Wi = ™o
60
Symbaol Description
D > In._lﬂt {or) External
o Diameter
N —  Speed of Turbine

TANGENTIAL VELOCITY AT OUTLET.

]'IDbN IIDhN
HE = ———-- = —

60 60
Symbol Description
Outlet {(or) Boss (or) Hub
—>
D.E} or Dh Diameter
N =  Speed of Turbine

FROMINLET VELOCITY TRIANGLE DIAGRAM.

Ve

sin @ = et .

Vi

cosa = o
Vi

Ufl
lan g = ——
Vw1

. Vs

sin @ = 3
V1

Vw1 — Uy
cosf =

Ur1

Ugq

tanf = !

Unit
m

rpm

Unit

rpm




Symbol Description

Vi =2 Whirl Velocity at Inlet
Vi =  Absolute Velocity at Inlet
Vgq —®  Flow Velocity at Inlet
Tangential Velocity of
—
Uy Runner at Inlet
V1 —  Relative Velocity at Inlet
Angle made by Absolute
- i "-."Talu:l_ry' at ?nlet !_,wth the
Direction of Motion of
Vane
Angle made by Relative
0 : Velocity at Inlet with the

Direction of Motion of
Vane

RELATIVE VELOCITY AT INLET:

Vpp = Jvflz + (1 — up)?

Symbol Description
Vi —>  Relative Velocity at Inlet
Vi —  Whirl Velocity at Inlet
Vfq =2  Flow Velocity at Inlet
Tangential Velocity of
Uy e g )
Runner at Inlet
DISCHARGE:
T
s 2 2
Q= I[D“ — Dp?|vp
Symbol Description
Veq =  Flow Velocity at Inlet
3 Inlet {or) External
Dy Diameter
Outlet (or) Boss (or) Hub
—
Dy or Dy Diameter

Unit
Mg
s

mj.rs

mj.n'S

m‘ﬂﬂs

Degree

Degree

Umit
Mg
mff

mJ,.fE

s

Unit

s

m



0 ==2 Discharge mgfj,
CIRCUMFERENTIAL AREA OF RUNNER:

T
A= 1[.D.]2 — Dy’

Symbol Description Unit
Inlet {or) External
—_
D 0 Diameter m
Outlet (or) Boss (er) Hub
e
DE} or Dh Diameter i
A 3  Circumferential Area of <
Runner

MASS OF WATER FLOWING THROUGH THE RUNNER:

m= pQ
Symbol Description Unit
Q =  Discharge m? /e
i ke
P w—m——i . Density g fmg
INPUT POWER TO TURBINE (OR)POWER GIVEN TO TURBINE:
P = pgQH
Symbol Description Umnit
i ke
P =P  Density g fmf'
Q ==—2»  Discharge mglf's
Acceleration due to m
—
4q Gravity fﬁ :
H =% Head m

POWER DEVEL OPED BY TURBINE:
P=p*Q* vy * uy

Symbol Description Unit
P =3  Density kg /
Q =——®  Discharge m

m3
3
5



Vw1 =%  Whirl Velocity at Inlet my

Tangential Velocity of
—_— m
Ui Runner at Inlet /s
HYDRAULIC EFFICIENCY:
n Vw1t
hyd —
¥ g H
Head Inlet — Head Loss
Nhyd =
Y Head Inlet
Symbol Description Unit
Tangential Velocity of
_+ 1
Uy Runner at Inlet /s
Vi = Whirl Velocity at Inlet L
> Acceleration due to m f
g Gravity 57
H —»  Head m
OVERALL EFFICIENCY:
Shaft Power
o —_
' Input Power
Sl
75, i m——
pgQH
Symbol Description Unit
p =3  Density k'qug
Q =2 Discharge m’ .
Acceleration due to m
—
g Gravity f g
H —  Head m

5.P m—p Shaft Power W



SPEED RATIO:

SPECIFIC SPEED:

Ky

u

2gH

K,= 0.6— 09

K¢

Kf =

Description
Tangential Velocity
Head

Acceleration due to
Gravity

Speed Rano

'I?f]_
2gH

0.15-0.3

Description

Flow Velocity at Inlet

Head

Acceleration due to
Gravity

Flow Ratio

NG

H4
NP
H/a

Unit

Mfs

mfgz

Unit
M/

m

mfsz



Symbol Description
Q ==  Discharge
H ——>  Head
P -2  Power
N =% Speed
N, 2>  Specific Speed
DRAFT TUBE:
TURBINE
CASING
@ @
INLET OF
oraFT-TUBe/ |
H, TAIL
| v
/

T @ @
DRAFT-TUBE
Vi
Fo

Unit
3
5

kW

rpm



Symbol Description Unit

Vl &VE =2  Velocity at Inlet & Qutlet i
H 3 Vertical Herght of Draft -
5 Tube Above Tail Race
3 Distance of Bottom of
Y Draft Tube from Tail Race w
FROM BERNOULLI'S EQUATION.:
P, W P, Vp’
'I'2 +E’1=—+ 2_+32+ hf
) 4 PY g
Symbol Deescription Unit
Pressure at Inlet & Outlet N
e
P1 & P of Draft Tube /m?
Velocity at Inlet & Outlet
q m
Vl & VE of Draft Tube /s
Datum Head Inlet & Outlet
—
Z1 & 23 of Draft Tube 5
hf —>  Head Loss m
p ——>  Density of Liquid k8
g =3  Acceleration due to gravity mf g2
LENGTH OF DRAFT TUBE:
L= Hs+y
Symbol Description Unit
L =====2  Length of Draft Tube m
H 3 Vertical Hetght of Draft s
S Tube Above Tail Race

> Diﬂt_a nce of Eﬂtmm_c: 1§
.}"' Dratt Tube from Tail Race
EFFICIENCY OF DRAFT TUBE.

m

Na =



Symbol Description Unit
Velocity at Inlet & Outlet

—_— m

V1 &V of Draft Tube /s
hf =——»  Head Loss m
g =2  Acceleration due to gravity mfs 2

HYDRAULIC EFFICIENCY OF DRAFT TUBE:

Head Utilized by Turbine

Nhyd = .
¥ Head Inlet of Turbine
Vo2
H— h o hfd - 5
Nhyd = z
Py 61
- + W + 31
Pa 2g
Symbol Description Unit
Pressure at Inlet of Drafi N
Py ¥ fube /m?
Velocity at Inlet & Outlet
ﬁ m
Vi&Vs; of Draft Tube /s
Datum Head Inlet of Draft
—_—
£ Tube m
hf m———=P  Head Laoss m
: - kg
n—-—i K T
P Density of Liguid fmg
g =3  Acceleration due to gravity m;‘,rs 2



