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University of Calgary oul
Department of Chemical & Petroleum Engineering

ENCH 501: Transport Processes
Mid-Term Examination, Fall 2006

Instructions: Time: 2:00 to 3:30 pm Oct 24, 2006
Attempt All Questions. Open Notes & Book.
Use of calculators permitted

Problem #1 (15 points)

The city of Calgary, in recent years, undertook the “EnviroSmart Streetlights Retrofit Project” to replace fixtures
along residential local roads and collector roads. Both lenses and bulbs were changed to reduce power use and
decrease light pollution. (Calgary has been shown to lose 10 times as much energy to space compared to
Vancouver, Victoria or Seattle.) Fixtures along major roadways and in parks were excluded from modification.
71,000 of 73,000 street lights in Calgary use high-pressure sodium (HPS) lamps. The lamps on highways use
400W to 1000W high intensity discharge bulbs, the “Lumalux/Eco” series. 55.5% of the energy released by the
bulb is in the visible range and this pass through the glass lens or cover to illuminate the surrounding. The rest is
infrared radiation which does not pass through glass. This energy thus heats up the air around the bulb and the
glass lens. Part or all of the heat, in turn, is lost to the ambient. Similar type fixtures are used in large public
spaces such as sport arenas and concert halls.

The problem is on one of the 1000W fixtures. The system comprises, as per the sketch below, a bulb,
a highly polished aluminum reflector and a borosilicate glass lens. The lens is a hemisphere with a
5mm thick wall and an outer diameter of 30cm. All the heat and light generated by the bulb, at steady
state, passes through the iens, i.e. the front part of the fixture.

When the light is tumed on, it takes 3 to 4 minutes to reach the maximum intensity. The fraction of the
energy used and thus released by the bulb versus time is plotted below. 1000W is released at the
maximum level. The transient pattem is fitted with an equation provided below the plot.

If the fixture was initially at the ambient temperature of 5°C and the maximum safe temperature that
the lens is allowed to attain is 250°C,

a) estimate the minimum conwective heat transfer coefficient (h) external to the surface of the lens.
You may assume that the airinside the fixture has a negligible thermal capacity and there are no
temperature gradients in the glass lens.

b) If h is constant at the value you have calculated in part a), Refloctoy
estimate the temperature of the lens at 30, 60 and 90 seconds SN

after the light is tumed on. Show all your derivations.

Data: Properties of borosilicate glass: density = 2,230 kg/m?®;
specific heat = 0.75 kJ/kg K
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Problem #2 (10 points)

The drag on a sonar transducer is to be estimated through tests with a model in airin a wind tunnel at

STP. The sonar is a 30cm diameter sphere and its to be towed in sea water (5°C) at 5 knots (1 knot =
1.852 kph). The model is 15cm diameter.

a) Estimate the velocity of air over the model for similarity.
b) If the drag measured for the model is 24.82 N, what will be the drag on the sonar?

For the problem, determine first the dimensionless quantities. The drag F depends on the diameter of
the sphere D, the velocity of travel V, the density p and the viscosity p of the fluid. Show your steps.

Data:

Sea water: density = 1025.6 kg/m®; kinematic viscosity = 1.57(10°) m?/s
Air at STP: density = 1.2266 kg/m®; kinematic viscosity = 1.46(10°) m?/s
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