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MAE 101B, Spring 2007
Midterm I, 11:00 AM - 11:50 AM

Guidelines: Solve only TWO problems and indicate on your answer-book which problems are to
be graded. Closed-book, closed-notes, no-calculator exam. Give all formulae used and explain
your steps in each problem. When there are numbers in the problem, insert them into formulae
(using SI units), but there is no need to calculate numerical answers. Attach question paper to
the exam that you turn in.

. There is flow in the z-direction in a channel between two flat plates as shown in the figure. Assume

fully-developed, laminar, incompressible flow.

Start from the z-momentum equation given below and show that dp/dz is a constant.

du _ldp 2
T +{V<Vlu— ;Ej:-wl vVu

2 i
u:—h—@ l—y—, y
2udz h?

The volumetric flow rate per unit span (width) is measured to be (). What is the new value of flow
rate if his doubled to 2h, keeping dp/dx at the same value?

. The velocity is given to be,

50 points

Consider a tank of water that is emptying as shown in the figure. There is fully-developed
turbulent flow in the duct of diameter 10 em and length 1 m. Ignore minor losses. p = 1000 kg/m?,
v = 10"°m?/s. Roughness is € = 2 mm.

The velocity is V' == 10m/s. What is the corresponding water level, h?

In part (a), the fully rough assumption is valid. Somewhat later in time, the flow is still turbulent

but the fully rough assumption cannot be made. Explain the physical reason.
50 points

Water flows through a smooth-walled duct as shown in the figure. Assume turbulent flow and a
sharp-edged entrance.

We measure Q = 0.003m3/s without the diffuser. What would @ be with the diffuser added to the
duct. Ignore major and minor losses.

Repeat part (a) including major and minor losses. Give equations and solution procedure; no
numerical answer is required,

50 points
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MAE 101B, Spring 2007

Homework 2
Due Thursday, April 19, in class

Guidelines: Please turn in a neat homework that gives all the formulae that you have used
as well as details that are required for the grader to understand your solution. Required
plots should be generated using computer software such as Matlab or Excel.

Please refrain from copying. Refer to the course outline for what constitutes

copying

1.A turbine extracts 350 W of power in the configuration shown in the figure. The pipes are

made of wrought iron. What is the flow rate Q in m?®/h?

2.Water flows out of a cylindrical tank of diameter D owing to gravitational head.

a) Assume turbulent flow with an average friction factor, f,. Obtain the time for the water level

b)

a)

b)

to decrease from h to h/2.

Suppose the flow were laminar. Again, obtain the time for the water level to decrease from
h to h/2.

Water flows through a sudden contraction between two pipes of diameter D; = 50 mm
and Dy = 25mm. The pressure drop between two points upstream and downstream of the
contraction, respectively, is measured to be 4 kPa. What is the flow rate in m?/s?

The dataset (download it from the 101B web site) gives the mean velocity, U, in turbulent
channel flow. It is obtained by averaging the 3-D, unsteady data in a direct numerical
simulation of channel flow by Hoyas and Jimenez (2006).

Analysis of the data gives u* = 0.02m/s. Plot the data and identify the the following
regions: viscous stblayer, logarithmic overlap region, and outer law profile. These regions
were identified in the class and are also shown in Fig. 6.10 of White.

Suppose you were not given the value of u*. Estimate u* from the data.

Ungraded problems From text. 6.40, 6148

U
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MAE 101B, Spring 2007

Homework 2
Due Thursday, April 19, in class

Guidelines: Please turn in a neat homework that gives all the formulae that you have used
as well as details that are required for the grader to understand your solution. Required
plots should be generated using computer software such as Matlab or Excel.

Please refrain from copying. Refer to the course outline for what constitutes

copying

1.A turbine extracts 350 W of power in the configuration shown in the figure. The pipes are

made of wrought iron. What is the flow rate @ in m*/h?

2.Water flows out of a cylindrical tank of diameter D owing to gravitational head.

a) Assume turbulent flow with an average friction factor, f;. Obtain the time for the water level

to decrease from h to h/2.

b) Suppose the flow were laminar. Again, obtain the time for the water level to decrease from

a)

h to h/2.

Water flows through a sudden contraction between two pipes of diameter D; = 50 mm
and Dy = 25 mm. The pressure drop between two points upstream and downstream of the
contraction, respectively, is measured to be 4 kPa. What is the flow rate in m?®/s?

The dataset (download it from the 101B web site) gives the mean velocity, U, in turbulent
channel flow. It is obtained by averaging the 3-D, unsteady data in a direct numerical
simulation of channel flow by Hoyas and Jimenez (2006).

Analysis of the data gives u* = 0.02m/s. Plot the data and identify the the following
regions: viscous sublayer, logarithmic overlap region, and outer law profile. These regions
were identified in the class and are also shown in Fig. 6.10 of White.

b) Suppose you were not given the value of «*. Estimate u* from the data.

Ungraded problems From text. 6.40, 6.148
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