MTFO053 - Fluid Mechanics

2022-08-15 08.30 — 13.30

Approved aids:

— The formula sheet handed out with the exam (attached as an appendix)
— Beta - Mathematics Handbook for Science and Engineering
— Physics Handbook : for Science and Engineering

— Graph drawing calculator with cleared memory
Exam Outline:

— In total 6 problems each worth 10p
Grading:

number of points on exam (including bonus points) 24-35 36-47 48-60
grade 3 4 5




ProBLEM 1 - PipE FLow (10 p.)

Water from a treatment plant is pumped into a distribution system at a rate of 4.38 m3/s, a
pressure of 480 kPa, and a temperature of 20°C. The distribution pipe has an inner diameter
of 750 mm and is made of cast iron.

(a) Estimate the pressure in the pipe at a station located 200 m downstream of the treatment
plant if the pipe remains horizontal (5p.)

(b) After 20 years in operation, scale build-up is expected to cause the equivalent sand rough-
ness of the pipe to increase by a factor of 10. How does this effect the water pressure at
the station 200 m downstream of the treatment plant? (3p.)

(c) What does critical Reynolds number mean for a pipe flow? (1p.)

(d) What does fully developed pipe flow mean? (1p.)

PROBLEM 2 - L1rT & DRAG (10 P.)

(a) A Boeing 757-200 has a maximum allowable total mass of 116000 kg, a wingspan of 38 m,
and a total wing area of 185 m?. At take off the flaps are deployed, which increases the lift
coefficient and if configured optimally it is possible to get a lift coefficient of 3.5. Estimate
the minimum take-off speed for a Boeing 757-200 if the take-off weight corresponds to the
maximum allowable weight for the aircraft. (4p.)

(b) When the aircraft in the previous task reaches its operation altitude, it cruises at 900
km/h at an elevation of 10600 m where the air density is estimated to be 0.384 kg/m3.
The aircraft has two engines and a fuel capacity of 200000 L. The total fuel consumption
at cruise conditions is 2 L/s. The density of the jet fuel is 804 kg/m?. The intake diameter
of each of the engines is 2.19 m and according to the specifications each engine can develop
a thrust of 245 kN. Estimate the engine exhaust velocity. (4p.)

(¢) The drag coefficient, Cp, for cylinder flow is drastically changed as the boundary layer be-
comes turbulent (before separating). Show schematically how Cp varies with the Reynolds
number, Rep, and indicate the locations for transition to turbulence and flow separation.

(2p.)
PROBLEM 3 - FLAT-PLATE BOUNDARY-LAYER FLOW (10 P.)

Air at 20°C flows at 18 km/h over a flat surface that is 1.0 m long (flow direction) and 2.0 m wide
(flow-normal direction). Boundary layer transition can be assumed to occur at Re, = 5.0 x 10°.

(
(

a) Determine the shear stress at the downstream end of the surface (4p.)

)
b) Determine the average shear stress on the surface (3p.)
(c) Determine the drag force on the surface (1p.)

)

(d) Name two alternative ways to measure the boundary layer thickness than 6. How can
these measures be interpreted physically? (1p.)

(e) For laminar flow over a flat plate, the velocity profile is self-similar - what does that mean?
(1p.)



PROBLEM 4 - PoIseuiLLE FLow (10 p.)

SAE-30W oil at 20°C flows at a rate of 1.5 L/s between two parallel plates spaced 5.0 mm
apart. The two plates are both 10.0 m long (in the flow direction) and 2.0 m wide (in the
flow-normal direction).

(a) What is the required pressure difference between the inflow and the outflow? (5p.)
(b) What force is required to keep the upper surface from moving with the flow? (3p.)

(c) Determine the maximum flow velocity between the plates. (2p.)

Hint: the flow can be assumed to be two dimensional and steady state and gravity can be ne-
glected.

PROBLEM 5 - NozzLE FLow (10 Pp.)

Air flows through a converging nozzle. The entrance of the nozzle (the left-hand side) is open to
the atmosphere, where the temperature is 20 °C, and the pressure is 101.325 kPa. The nozzle
exit diameter is 10.0 mm, and the back pressure exerted at the exit of the nozzle is py.

p =101.325 kPa
T=20°C

Determine the mass flow rate through the nozzle if the back pressure is

(a) pp = 50.0 kPa (5p.)
(b) py = 70.0 kPa (5p.)



PROBLEM 6 - WATERPUMP (10 P.)

A pump delivers water with the temperature 20°C' from a lower reservoir (A) to an upper reser-
voir (B) at a rate of 6.3 L/s. Both reservoirs are open to atmosphere. The pump lifts the water
the vertical distance Az = 20.0 m. The reservoirs are large, which means that vertical movement
of the reservoir water surface can be neglected. The pipe system head loss (friction losses in the
system), hy, varies with the volume flow rate, @, according to the following empirical expression

hr, = 10°Q?

where the dimension of hy, is [m] and the dimension of Q is [m3/s]

(a)

|v J

[ v I f
Calculate the electric power needed to drive the pump if the pump electric efficiency is
n = 0.8 (6p.)

Hint: pump power, Pp [W], is related to pump head, hp [m], as

Pp = pgQhp
where p is the fluid density, g is the gravity constant, and @ is the volume flow rate in
3
m°/s

Often, but not in this specific problem, something called kinetic energy correction factors
are introduced in energy equation problems. Why is that done? Show that the kinetic
energy correction factor is a = 2.0 for laminar, incompressible pipe flow. (2p.)

The Bernoulli equation is a simplified form of the energy equation.

1 1
p1 + ,Vl? +gz = P2 + 7V22+g22 = const
p 2 p 2

In what ways are the Bernoulli equation above more limited than the energy equation on
the form given below?
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