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Fluid Flow WARA432: Exam

Question One [Total: 20 Marks]

The x- and y-components of a velocity field are given by u = %x and v = —%y where Vo
and | are constants.

1.1 Plot the streamlines for this flow. Use constant = -2, -1, 1, and 2 for -3 <x < 3. (16)
1.2 Determine the acceleration field for this flow. 2
1.3 Is the flow uniform? Justify your answer. (2
Question Two [Total: 15 Marks]

The aerodynamic drag on a car depends on the “shape” of the car. For example, the car
shown in figure below has a drag coefficient of 0.36 with the windows and roof are closed.
With the windows and roof are open, the drag coefficient increases to 0.45.

Windowes and rocf findcnes open; oot
closed: Cp=035 open: Cp =045

2.1 Calculate the power required to overcome the drag if the windows and roof are closed and
the car is moving at a speed of 29.06 m/s. Take the density of the air to be 1.23 kg/m? and
the frontal area to be 10 m?. (5)

2.2 With the windows and roof are open, at what speed is the amount of power needed to
overcome aerodynamic drag the same as it is at 29.06 m/s with the windows and roof are
closed? Assume the frontal area remains the same. Comment on your answer. (10)

Question Three [Total: 20 Marks]

A flat-blade turbine agitator with disk having six blades (curve 1 on Re vs N, graph) is
installed in a tank. The tank diameter D is 1.83 m, the turbine diameter d is 0.61 m, H = Dt
and the width w is 0.122 m. The tank contains four baffles, each having a width J of 0.15 m.
The turbine is operated at 90 rpm and the liquid in the tank has a viscosity of 10 cP (10 x 107
Pa-s) and a density of 929 kg/m®.

3.1 Calculate the required power (in kW) of the mixer. (10)
3.2 For the same conditions, except for the solution having viscosity of 100000 cP, calculate
the required power (kW). (10)

Page 2 of 3



Fluid Flow WARA432: Exam

Question Four [Total: 25 Marks]

4.1 According to fire regulations in a town, the pressure drop in a commercial steel horizontal
pipe must not exceed 6894.76 Pa per 45.72 m of pipe for flowrates up to 31.55 L/s. If the
water temperature is above 10°C, can a 15.24-cm-diameter pipe be used?

For commercial steel pipe, ¢ = 0.004572 cm. Properties for water are: density = 1000
kg/m?® and viscosity = 1.002 x 10 Pa:s.
NB: Determine pressure drop for the diameter and comment on your answer.

10 marks

4.2 A trapezoidal channel with a bottom width of 3.0 m and sides with a slope of 2:1
(horizontal:vertical) is lined with fine gravel (n = 0.020) and is to carry 10 m%/s. Can this
channel be built with a slope of So = 0.00010 if it is necessary to keep the velocity below
0.75 m/s to prevent scouring of the bottom? Explain.

15 marks

Question Five [Total: 20 Marks]

A converging elbow (figure below) turns water through an angle of 135° in a vertical plane.
The flow cross section diameter is 400 mm at the elbow inlet, section (1), and 200 mm at
the elbow outlet, section (2). The elbow flow passage volume is 0.2 m® between sections
(1) and (2). The water volume flowrate is 0.4 m%s and the elbow inlet and outlet pressures
are 150 kPa and 90 kPa. The elbow mass is 12 kg. Calculate the horizontal (x direction) and
vertical (z direction) anchoring forces required to hold the elbow in place.

H | =
If Saction
Vo Ml Dy =400 mm

END [Total: 100 Marks]
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Fluid Flow WARAA432: Formula Sheet

Formula Sheet

1. Equation of a streamline: —=—=—
2. Acceleration in velocity field: a = ayi + ayj + azk = g—‘: + ug—z + vg—v + wZ—V
y z
3. Reynolds number: Re = %
4. Bernoulli's equation: P, + %pr + Yz, = constant
5. Continuity equation: Q,=AV, =0, =A4,V,
6. Conservation of momentum: YF = % (mV) = YouemV — XimV
7. Conservation of momentum: 2 F =VouePVoutAout — VinPVinAin
8. Momentum in x-axis: YF =V,,:pVourAout €0S 0 — Vi pVin Aiy, cos 0
9. Momentum in y-axis: YF =VouePVourAour Sin 0 — Vi pVin Aip sin 6
10.Force: YFE =P, Aput — PinAin
11.Force in x-axis: YF=P,,; Ay cosl — P A, cosO
12.Force in y-axis: YF =P, Ay Sin0 — P, Ajy, sin 0
13.Conservation of mass: dT;tCV = My, — Myye
14.Energy Equation: ﬂ+V—12+z1 + hy, =Q+V—22+zz + hy + hy,
14 29 y 29
2
15.Energy Equations: h, = (f% + KL) Z—g
16.Pressure drop in flow: AP = f%%sz
17.For laminar flow: f= Z—‘:
18.For turbulent flow: f=fn (Re, %) from Moody chart

19.Power: P =AP X Q



Fluid Flow

20.Drag force:

21.Manning Equation:

22.Specific energy:

23.Froude number:

24. Critical depth of flow:

25.Reynolds for mixing:

26.Power for a mixer:

WARAA432: Formula Sheet

FD ES CD%pVZA
_ 1%
v=21gr"s,"”

E=y+g=y+i(ﬂ)2

29 \y
Fr =\/%
1
()" -
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P = N,pN3d®



Fluid Flow WARAA432: Formula Sheet

Tables and Figures

Values for Manning coefficients

B TABLE 10.1
Values of the Manning Coefficient, # (Ref. 6)

Wetted Perim eter 7 Wetted Perim eter a
A Negural channels D Arificially lined channels
Clean and straight 0.0320 Glass 0.010
Sluggish with deep pools 0.040 Brass 0011
Ilajor fivers 0.035 =teel, smooth 001z
B. Floodplains =teel, painted 0014
Pasture, farmland 0035 =teel, riveted 0.015
Light brush 0.050 Cast iron 0.01%
Heavy brush 0075 Concrete, finished nolz
Trees 015 Concrete, unfinished 0014
Flaned wood 0012
O Excavaged earth channels Clay tile 0014
Clean 0.022 Brickwork 0.015
Gravelly 0.025 Asphalt 0.016
Weedy 0.030 Cormugated metal 0022
stony, cobbles 0.035 Rubble masonry 0025




Fluid Flow

Power number against Reynolds number of some turbine impellers

WARAA432: Formula Sheet
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Fluid Flow

WARAA432: Formula Sheet

Moody Chart
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