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Bernoulli's Equation:

It is a special case of the (E.E.) in which (hy, , = 0),
(frictionless flow) and no work exchange:

P1 V12 P2 V22
Thus: |—+—+Z1|=|—+—+1Z2
Y 28 Y 2g

General Procedure for E.E. Application:

1. Section (1) is the upstream and (2) is the downstream.

. N.
2. Each term in the E.E. represents =9y _ _ T

it's called the head h(m).
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2
3. Z—g = Kinetic energy head, V = V.. Total Head

weight m = (m) or

7z = Potential head

hp = Pump Head
hy = Turbine Head

h; = Losses Head
2

PV
Total head =—+—+17Z
Y 2g
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4. Flow direction [hig, High — hygeq Low]
wW_Em
t W t®

5. Power=P=2==, g
t W
Also, Power = m.g.h = p.Q.g.h = yQh

output power _ yQhp

6. Pump efficiency 1p =

Input power Ip

. . output power out power
7. Turbine efficiency 1y = =

Input power vyQht
8. Kinetic energy correction factor (o): Vave
Vave? z
Where, AL (u—) ave oy /
2g 2g
1 2 — 1 2
o X S1Vgpe dm U .
1 u .,
= a=—|(=—)"dA
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3.5 Momentum Equation: (MLE.)

Let, B=mvand, b= LAy L\ g \%
m m
Thus:
d(mv 9]
dmv)eys _ 9 p.v.dv+f p.V.V.dA
dt at CV. C.S.

But, we have by the Newton's 2™ law,

dv  d(mv)gys
ZF =m.a= m.E— —dt

9
=>ZF=— p.V.dV+f 0.V.V.dA This is the G.M.E
dtJev. CsS.

Or,

This text only appears in the demo version. This text can be removed with the full version.
Gewijzigd met de DEMOYRSIE&/AN CAD KAS PDF editor (http://www.cadkas.com).

F= a(mv)c.v. + (rhv)out - (mV in

And for steady flow, % (mv).y, =0

Thus:
Z F=(mv),, — (mv);, Steady Flow M.E.

And for one inlet and one outlet, or (M) g, — (M);y,

Or:

Z Fy = n.1(thmt - VXin) and Z Fy =m (vyout - Vyin)
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3.5.1: Application of MLE.
I. Forces on Blades (Vanes)

A. Fixed Vanes

Ct

Assumptions: ;
Ao
- Steady :Q‘lﬁ o
In i by

- Incompressible
- Frictionless
- Zin = Zout

Now, apply B.E. from in to out

P1 Vin? P2 Vout?
—+ +71=— + 72
2g Y 2g
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and,Z1 = 7Z2,Horizontal Blade
= Vin=Vout=V

Then, by applying M.E.

—+

Z Fx =m(vy, . — Vx;,) = —Fx = pVA(Vcosb — V)
Fx = pAV%(1 — cos0)

1+

Z Fy = m (vyout - vyin) = Fy = pVA(Vsin® — 0)

Fy = pAV?2Sin®
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B. Moving Vanes

- Single moving vanes:

D = 1 (Vegue — Vrip)

Where, Vr is the relative velocity = V1 —u

And, m, = pQ, = p.A.Vr = p.A. (V1 —u)

= z Fx = m, (Vry, , — Vry,, ) and,

Z Fy - Iﬁr (Vryout B VI'yill)
Or

b
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Gewijzigd met de DEMO VERSIE FAN-GYD(KASPOY* éditor ¢osiB)ywmad,cadkas.com).

F, = pA(V1 — u)*sin@
- Power delivered by the Vane (P):

Vi — V3

P=FX'u=YQI' zg

o . V2
- Kinetic Energy remaining in jet= yQ, i

- Series of moving vanes:

Z F = mg (Vrout - VI~in)

Vi — V3

P = Fy.u = yQaps 28
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VZ
K. E.remaining in jet = yQ_ps 2_2g

I1. Forces on Pipe Bends

Given: P1,V1,A1,Z,A2,0, h;;_,, W, and, ¥,
Find: Fx and Fy

Ans:

Apply C.E. to get: A1V1=A2V2 = V2
Apply E.E.1-2 to get:

P1 Vin? P2 Vout?

—+ +71=—+ +Z2+ hy_, =P2,
Yy 28 Y 2

where Z1 = 72
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+
D P =1 (Vg = Vi)

—Fx + P1A1 — P2A2co0sb = m(V,CosB —V;) = Fx

1+
Z Fy =m (Vyout N Vyin)

Fy — Wy, — Wiyia — P2A2Sin8 = pV1A1(V2Sin® — 0) = Fy
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II1. Jet Engine:

111 5l

Fth = (mv)out - (rhv)in

= (rhair + rhfuel)vz - IhaiFV]‘

m s
Combustion Chamber —|

— Vo=

= iy, [(1 + f“e') V2 — v1]

ma\ir

e Thi

V2=Exit velocity
V1=Aircraft velocity

mf 1
And, —= = f= Fuel consumption ratio
Majr

II111. Rocket Machine:

15t

This text only appears in the de o version. This text can be removed with the full version.
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E=arr resistance

But, I'hinz 0

So,
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d .
—R — (mrock + mfuel)g = a (mrock + rnfuel)Vl + (_mvr)

Since (V) 1s a function of (t) only, the equation can be written as
a total differential equation:

dV dv1 mV R— (mrock + mfuel)g
dt dt (Myock + Meye))

which represents the acceleratio
where:

m.,x = Rocket mass

This text only appeardutle TehHEVIRASS Thilaxtcl bk removed with the full version.
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m¢_ = intial mass of fuel, m = rate of burning

mV,. = Thrust of rocket (Fy,)
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3.6 Losses due to Sudden Expansion

1 2
O
Al /
L A2 |
P1A2 = -
&’ -
S
E.E. 122
P1 V1?2 P2 V2?2
— 4+ —+7Z1)|=(—+—+7Z2 |+,
Yy 28 Yy 28
For, Z1=272

hisg%t can be removed with the full version.
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Then, by applying C.E. so, AIVI=A2V2 ......... 2)
Applying M.E. Z F, = (V2 — V1)

= P1A2 — P2A2 = pA2V2?% — pA1V1Z ... (3)

By 1,2 and,3 Get:

. (V1-v2)2 V12 (1 A1)2 _v1? ) (D1)2 2
e 28  2g A2)  2g D2

Also, the power required to overcome the expansion losses is
equal to: (yQh,)
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3.7 Hydraulic Jump:

1 Turnp
Y2

|

&|f1 V2 PR,
Fl— T

Py Vv 7

E.E. 1-2
V1?2 v22
(2—g+Y1) = (2—g+Y2)+h, e (1)
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M.E.= F1-F2 =m(V2-V1)

Y1 Y2
Or: y.7.Y1 — y.7.Y2 =p.Y2.V22 —p.Y1.V1? .......(3)
Then by 1.2, and 3 get: by = 210"
enby 1,Z,and 5 get: hy = AY1Y2

Y1 Y1\2 = 2vizyi
And,YZ——7+\/(?) + p
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Example (1):

3.97 Air flows from a hole of diameter .03 m in a flat plate as
shown in Fig. P3.97. A circular disk of diameter D is placed a
distance h from the lower plate. The pressure in the tank is
maintained at 1 kPa. Determine the flowrate as a function of  if
viscous effects and elevation changes are assumed negligible
and the flow exits radially from the circumference of the circu-
lar disk with uniform velocity.

Vz 2 FIGURE P397
W AW
%+2—; 1‘20 =T+—7_;+Zz W/)e/‘e fo_—.'/‘,—”-i,ﬂz_—.a,zozzz"

Thus ol e
J
2(1x0°%) i
/'23%23 = 40.3 5
so that

Q=AY =m0, bV =7 (0.15m)h (#0.32)
or

Q= /9.0h -S"f where h~m
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Example (2):

3.1001  Water flows down the sloping ramp 1)
shown' ‘in Fig. 1.33.I0.l with neghglblc viscous :’f- Vy=10 fs=—= [h1=1fi
fects. The flow is uniform at sections (1) and (2). o R \ ___________
For the conditions given show that three solutions H=2ft % T -V
for the downstream depth, h,, are obtained by TI, /T////

se of the Bernoulli and continuity equations.

use of the Berr iy q : FIGURE P3.101

However, show that only two of these solutions

are realistic. Determine these values.

(I
ﬁ;’—+-2-\%i+z,=—7%-+—g—§ + 2, where ,0,=0,f2=0,2',=3f7‘,
and 2z =h,
A/SOJ /q/V/ =IL}Z Vz

) _ o

or h

ooy £/ 8 e . &
VZ " ha V’ - hs ha
Thus, Eg () becomes

(/Of’st)z 3+ 38 = (',}%.)2 +l’)
2 (32.2 SEJ N 2(32.2_?;) 2
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644 h, — 273/71 +/00 =0

By using a root finding program the three roots tothis cobic
equation are foond to be’

h, = 0.630 ff
h,= +#xeff
or

h,= anegative root  Clearly if is not possible (physically)
fo have h,<0 Thus, h,=0.630f or
h, < ##8 f
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Example (3):

541 Water enters the horizontal, circular cross-sectional, sudden
contraction nozzle sketched in Fig. P5.41 at section (1) with a uni-
formly distributed velocity of 25 11/ and a pressure of 75 psi. The
water exits from the nozzle into the atmosphere at section (2) where
the uniformly distributed velocity is 100 ft/s. Datermine the axinl
5.‘(unl|wncnt of the anchoring force required to hold the contruction
in place.

SBFIQGUARE PB4l

For s prblem we includa i Bie conbel volome

e nozsle as well as the water af an instani befueen sec fong
[/)and(z.)a: wdicated in The sketfch above The hovizental

forvees at‘.h’qg on The conterts of the cortrol volumse art shown

o T e atwhe, Torh, st
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divection component of +he [inear momentun, equation (€.5.22)

fo the Flow 'flifauj,vh this conbrol velume yield s

-L{,,au‘ﬁll + uxf’uz'qi; Eﬂlnﬁ—f:;,dl (1>
From fhw conservabon of mger egharn ('55._’.‘./2') we obtan

m *’q“"qn =Y, A,
Thus Fg.ﬁ) may be Exptsied as

m(ug-4)= gh -F=-p A,

ar ¥ 2 % 1
G = PA-RA 4 POy m O - RIS 000 (i)
1
and - 1L 5 . : =
Fe (T TCisd _ o4 fiaysur)os £) e, ) o0 £- 521 222)
A i & 7 Ny — _m‘y_.ﬁ
T (/#fl_m 7
o
e 352 /6

|

—_—
——

B N R o UAIL GAD R SO RGN it A Yoigon

A

i
‘é'aé \
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