LECTURE O

INTRODUCTION
MOMENTUM THEORY



EULER'S EQUATION
(FORCE = MASS X ACCELERATION)

Net Force F = FL - FR q
= pdydz - [p + (f)dx]dydz
_ _dp
-a;(dx dy dz)
Fluid Mass M = p(dxdydz)
: _av
Acceleration a = gt
_ dvdx
dx dt
_ dav
B dxv
Net Force F = ma




MOMENTUM EQUATION
(CHANGE IN FLOW CREATES FORCE)

Euler's Equation
dp = -pvVdVv

Force equals Pressure X Area
Adp = -pVAdV

If pVA = M is constant
Adp = -MdV

Integrating between (1) and (2)
2 2
Afdp = -M[dV
1 1
A(pz - p1) = ‘M(V2 - V1)

If there is an external residual force acting in
x-direction

A(pz - p1) # "M(Vz - V1)
Force is the difference between the above terms
F =-Alp, - py) - MV, - V,)

F = pA - p,A - MV, -V,




APPLICATIONS
CONICAL PIPE

L

L

' X-Direction

TN

51

Forces in X - Direction (on fluid)
XF, = p,A; - PyA, - Fp = pQAV,

X
Reaction

* Fr = PiA; - PA; - pQIV, -V))

% Note sign convention
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APPLICATIONS
ANGLED PIPE

.
v, HF RY

Forces in X - Direction (on fluid)
ZFy = p;A; - PyAC0s0 - Fpy = pQAV,
Reaction
Fex = P1A; - PyAc0s8 - pQ(V,cos0 - V,)
Forces inY - Direction (on fluid)
Reaction
Fey = P>A,sinB + pQV,sing




FORCES IN FREE JETS
MOMENTUM EQUATION APPLIED TO BLADES

ANGLED BLADE V/(
2

e

Use Previous Equation for Flow in Pressure Conduit
Reaction in X - Direction

Fex = PA; - PyA,C0s0 - pQ(V,cos0 - V,)
Since p, and p, are zero

Fey = -pQ(V,cos0 - V,)
ReactioninY - Direction

Fry = P5A,sing + pQV,sind
Since p, and p, are zero

Fry = pQV,sinG




FORCES IN FREE JETS
FLAT BLADE

"/
Use Same Equations as for t 2
Angled Blade

Reaction in X - Direction

Foy = -PQ(V,co88 - V) Vz‘ UFRY
For Equally Divided Flow Q, = 3Q,

FRX = ‘D%Q('Vﬁ = P%Q("Vﬂ
ReactioninY - Direction

Fey = pQV,sinG

For Equally Divided Flow Q, = %Q1

Fry = P%sz - PJZ'QVZ

=0




Figure 1 Jet impinging upon a flat moving plate



FORCES IN FREE JETS

U-BLADE

Use Previous Equation

Reaction in X - Direction

Note that cos180° = -1

Frx = -pQEV, - Vy)
= pQ(V, + V,)

Note that the Energy Equation gives V, =V, for no friction

Fex = pQ2V,




v,
———  (\/, - V) relative to blade

e (V, - V,) relative to blade

V, = Vig-(V,-V,)

Figure 2 Jet impinging upon a curved moving plate




WORK AND POWER

——
—{ — s
|l—— Ax —=
Force on blade F = pQAV (N)
Workonblade W = Force x Distance
= FAX
= pQAVAXx (Nm)
Power to blade P = Work/Time
= FAx/At
= FU
= pQAV U (J/s)
Now since AV = (V - U)

Power to blade P

pQ(V - U)U




IMPULSE POWER

FLAT BLADE
V1 )
am——
\

Force on Blade

F = pQ(AV)
= PQ(V1 - U)

P = pQ(V, - UU

= pQ(V,U - U?
4 = pQy, - 20)

vV, = 2U

CURVED BLADE

V; -U Relative to Blade

V4 -U Relative to Blade

F = pQ(AV)
= pQ[v, - {U - (V, - U}
= pQ[V, -{U -V, + Ul
= pQ2V, - 2U]
= pQ2(V, - U)

Power to Blade

P = pQ2(V, - UU
= pQ2(V,U - U?)
Blade Speed for Maximum Power dP/dU = 0

dP
du
0 =

vV, =

= 2pQ(V, - 2U)
2pQ(V, - 2U)
2U




For Maximum Power

1
V1

U =

1
2V

Maximum Power on Blade

pQ(V; - V) V, p
Qdv,)dv
PR VSV,
TpQV,2 (rs)

Jet Power
1
-Z-MV12 E

1pQv,2 Uss)

pQ2(3V,) 2V,
1y, 1

lpav,2 ()

1y 2
2 MV,

Toav,2  rs)

Efficiency = Output/input

P/E
xpav;2 [ 2pav,?

n

P/E
1pav,2 / 1pav,?

1

100%







Absolute Velocity Absolute Velocity
Force on Bucket

F = pQ(AV) F = pQ(AV)
= pQ[0 - (V) - Ul = pQ[-V; - (V) - Ul
= pQ(-V,, + V) = pQ(-V, -V, + U)
= pQ(-2v, + U)
Power to Bucket
P = F(-U) P = F(-U)
= pQ(-V,, + U)N-U) = pQ(-2V, + U)-U)

= PQVj - U
Bucket Speed for Maximum Power dP/dU = 0

pQ(2V,U - U?

P
P = pQVy - 20) & - panv, -2u
T _
LU= 1y, U=V,




For Maximum Power

_ ] v -
U = V) U=V, =V

Maximum Power on Bucket
P = PQUViee + 3V 5Vie) P = PQRY; + V)EV,)

= PQC %VJet)(_ %VJet) = PREV,EVY)

1 2
ZPQVJet

Potential Jet Power in Direction of Motion

_ ] 2
E = invJet E

1 1
7PQVj” + 3pQV,

= IV, + 1pav,?

= pQV12
Efficiency = Output/Input
n = P/E n = P/E
1 1 = 2 2
= 2PQVye? [ 5PQV 2 PQV;7/pQV;
= 1
=1
2 = 100%
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16.4 Construction of Reaction Turbines 511

Figure 16.3 Francis runner at
Niagara Falls. h = 214 t,

n =107 rpm.

n = 93.8 percent at 72,500 hp,
diameter = 176 in, overall
diameter at band = 1833 in.
(Courtesy of Allis-Chalmers
Mfg. Co.)




