Lecture 5:
energy equation
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W =Waae + Wi + Weise + Woer
W« = work by machine part
w. p(V n)dA

press — solid surface: V=0 (no - slip condition)
insc - —I 7-VdA > 1nlet/outlet : normal stresses only (small)

streamline : only important viscous stresses

W4, = €.8., electromagnetic work, etc.
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jcs(ﬁ +1Vi+ gz)p(V -n)dA =
Vv

n

Y(a+ivi+ gz)out tig — O+ 1V + gz)inmin

v

uniform V,,, Az,p'z,pz, etc. cs
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conservation of energy for stationary

flow in a stream tube: 5 o1 =
« stationary flow _
Fixed « no mechanical work ! Wenae =0
e * No viscous friction W, =0
Vi and: .

« incompressible fluid A= EOKSEans

- motion along streamline | % =
* no heat transfer g=0

P
N

P2

— k= V + g7, = %V,_z + gz, = constant

~ 1

‘niel Bernbulli Vv . R
(1700-1782)  total pressure p, = p+5pV’ +pgz
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conservation of mass: AIV1 = A2V2
Bernoulli's equation:

EGL
Z 2

— +1V72+ gz, = Py +1Vv) + gz,
P
P1= P2 = Pam
h=z,-2 V22 _‘/12 — 28(21 _ Z2) o Zgh
2gh
sz = 1 2/ A2
= 2 Y - A2 / 1
Open jet:
P2 = Pq
2 V, =4/2gh
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V=17m/s (62km/h)
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A constriction in a pipe will cause the velocity to rise and the pressure to fall at
section 2 in the throat. The pressure difference is a measure of the flow rate
through the pipe.

The smoothly necked-down system shown is called a venturi tube.

Find an expression for the mass flux in the tube as a function of the pressure
change
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i |
along the centerline:
21+ L2 gy =24 1v2 4 g7
z, =2, (horizontal tube)
Solve for V, :
v, -V =2%p with Ap=p, —p,

continuity equation:

S| o

AV, =AYV, = V=BV, B=
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See Sect. 11-6 in White V f <1 VR — fV

areaatR: CA/ f
thrust (F =Ap A):
(Pp— P)A=3pPVAUL— f*)

momentum change (F=mV):

'pV CA( - f) |
_b;ll_a;lc-:-e—cgf-fafces
C=x(1+f)

Power: V ’

3

W = FV, =%pV3A(1+f)(1—f2) = W = SP;V f=1/3

%
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e Chapter 3: 3.6, 3.7
» Examples: 3.20, 3.21, 3.23, 3.24
» Problems: (see BlackBoard)

e Study guideline:
* practice ...
 practice ...
* practice ...
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1. Snapping shrimp, http.//youtu.be/ONQITMUYCW4
2. Frank M. White, Fluid Mechanics, McGraw-Hill Series in Mechanical Engineering
3. Wind turbines of Horns Rev wind farm, Denmark, photo courtesy of Vattenfall
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