Kul-34.3100 Introduction to Fluid Mechanics

First mid-term exam 07.03.2013

Remember that it is crucial to explain what you are doing and why.
This strongly affects the grading.
Properties of air

density: g = 1.23kg/m?3
(dynamic) viscosity: pa; = 1.79 x 1075 N-s/m?

Properties of water

density: Owater = 1000kg/m?
(dynamic) viscosity: pwater = 1.12 X 1073 N-s/m?

Gravitational acceleration: g=29.81m/s%

Equations When you use these equations, please explain what you are doing
and what principle you are applying. Not all the equations may be needed.

Bernoulli equation: pt+ogh+ioV2i=py

Energy balance:

(p+eogh+30V?), .= (P+eogh+%0V?), + work done on the CV — losses

out

L
Losses: Apfriction - (f ‘5) %Qvg and Aploss =K % QV2
oV L

Reynolds number: Rep =
1L

Power: P= Ny
Mass flux: m:ngI?-'r‘idA

Momentum flux: 1 VoV indA
When velocity is constant on surface A, momentum flux: mV
Momentum balance: 3. F = momentum flux out — momentum flux in

Moment of momentum equation:

Euler turbomachine equation:

P=m (:tU %)ou‘c —m (:tU I/g)in



Buckingham II-theorem:

If an equation involving & variables is dimensionally homogeneous, it can be re-
duced to a relationship among k —r independent dimensionless products, where r
is the minimum number of reference dimensions required to describe the variables.

Criteria for the repeating variables:

1. The number of repeating variables is equal to the number of reference di-
mensions.

2. All the required reference dimensions must be included within the group of
repeating variables.

3. Each repeating variable must be dimensionally independent of the others.

Moody chart and basic potential functions are at the end of the exam

Material derivative

Do 0Oo & _ 0o do do do
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Continuity equation:

—g/gd"f/—f—/gﬁ-ﬁdfl:[}
ot Jy A

-(;—§+V-(QT7):%+Q(V-V)=O

Navier-Stokes equations: (gravity acts in negative z-direction)
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~ Viscous stress for a newtonian fluid: (expressed in cartesian indez notation)

B Ou;  Ou, Ouy,




Problem 1. [6 pts.]

As a valve is opened, water flows through the diffuser shown in Fig. 1 at an
increasing flowrate so that the velocity along the centerline is given by V (z,t) =
ui =V, (1—z/f)[1 —exp(—ct)] ? where V,, £ and c¢ are constants. Determine
the acceleration as a function of z and ¢. If V, = 10m/s and ¢/ = 5m, what
non-zero value of ¢ is needed to make the acceleration zero for any x at ¢t = 1s?

Y o2 !

u= Vy(l - &

Figure 1: A diffusor of Problem 1.

Problem 2. [6 pts.]

Air flows steadily from a tank, through a hose of diameter D = 0.03 m, and exits
to the atmosphere from a nozzle of diameter d = 0.01 m as shown in Fig. 2.
The pressure in the tank remains constant at 3.0 kPa (gage) and the atmospheric
conditions are standard temperature and pressure. Determine the flow rate and
the pressure in the hose.

D=0.03 =
p, =3.0kPa " d=00lm
J __‘J. Q
. o(2) e
(1) . : {3
Air :

Figure 2: A geometry of Problem 2.

Problem 3. [6 pts.]

%

A nozzle is shown in Fig. 3, where D; = 8cm, Dy = 5cm, and p, = latm
101kPa. If V1 = 5m/s and the manometer reading is A = 58 cm, where gy, =

3



© @

—n pz:‘pu =101 kPa
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Figure 3: A nozzle of Problem 3.

13.5 x 10%kg/m3, estimate the horizontal force at the bolted connector. How
much head loss is experienced by the flow?

Problem 4. [6 pts.]

A pump is pumping water via a pipeline from the lower pond to the upper one
(Fig. 4). The pump head is 76m (7.46 - 10° Pa). Determine the pump power.
Surface difference between the ponds is 60 m. The diameter of the pipe is 23 cm,
and the length is 152m. The inner surface of the pipe is smooth. The loss
coefficient of a valve in the pipeline is 5 and the coefficient of the pipe bends 1.5.
The outflow and the inflow loss coefficients are 1 and 0.8, respectively.

Pipe length = 500 ft
Pipe diameter = 0.75 ft
K, =08 Pipe roughness = 0

Figure 4: A pipeline between two ponds (Problem 4).
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