MCG 3110 - HEAT TRANSFER

Quiz #1 - Review of Thermodynamics
Tuesday, January 25, 2011

Part 1 - Short questions (35 marks)

. Write the mass conservation equation and explain the meaning of every term. (5 marks)

. Write the full energy conservation equation and explain the meaning of every term. (10 marks)

- Explain the difference between Steady-State, Steady Flow and Uniform State, Uniform Flow.
(5 marks)

. Explain the difference between latent and sensible energy. (5 marks)

. What is metabolism and why is it important for a thermal engineer? (5 marks)

. Draw a P-T diagram and a T-v diagram and identify the phases, the triple point and the critical
point (5 marks)




Part 2 - Problem (65marks)

a) You are probably familiar with the Iced Cappucino slush beverage from Tim Hortons, which is a
very popular and refreshing treat during the summer. The slush is made by mixing crushed ice,
water and a syrup called "base" that gives it the sweet taste, as well as preventing the ice from
forming... a big ice cube!

A 500 ml glass of Iced Cappuccino slush contains approximately 80% in volume of ice and 20%
in volume of water (neglect the sugar content). How much energy has to be transferred to the
slush in order for it to reach a temperature of 5°C? Use the methodology presented in class and
identify all your assumptions. (45marks)

You can use Siebel’s formula:

Cpiiesh = 3.35 a +0.84 [kJ/kg °C]
CPrrozen = 1.26 2 +0.84 [kJ/kg °C]
Ahpen =334a  [ki/kg]

Liquid water specific volume: 0.001 m’/kg
Solid water specific volume: 0.0010908 m*/kg

b) How long would it take to bring the initial mixture to 5°C, using a microwave oven that has an
output power of 1500 Watts? (10 marks)

¢) A slush beverage such as the Iced Cappuccino is a great drink from a thermal point of view
because it has the ability to remain cold for a long time. Explain, from a thermodynamic
perspective, why this is true. (10marks)
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MCG 3110 - HEAT TRANSFER

Quiz #2 — Introduction to Heat Transfer
Tuesday, February 1%, 2011

Part 1 - Short questions (30 marks)

1. Name the different heat transfer modes, and for each mode provide the following information:
(a) The physical mechanism (please... 3 or 4 lines max for each mode!).
(b) The governing law and appropriate units.

(c) An example of the mode from your everyday life.
(15 marks)

. a) Explain how heat is transferred (which modes) from a hot fluid (ex: coffee) through the side
walls of the thermal flask shown in the figure below. (10 marks)

b) What is the advantage of including an internal vacuum tube in the design of a thermal
flask? (5 marks)

Thermal Flask Cross Section

.

/

Hot FAuid
Yacuum
Insulation Foam
Plastic Outer Shell
Ambient Air

N\

\\ﬁﬁ
L

Internal Yacuum
Ref: How Stuff Works Tube




MCG 3110 - HEAT TRANSFER

Part 2 - Problem (70 marks)

To be done in groups of 2:0ne Quiz book to be handed in - Include both names

A common heat transfer application involves the use of heating elements to transfer thermal energy
to solid objects (ex: heating a frying pan on an electric stovetop) or to fluids (ex: heating air with a
space heater). Many heating elements, including the one in the demonstration lamp used in class, are
composed of Nichrome 80/20 (80% nickel, 20% chromium). This is an ideal heating element
material because it has a relatively high electrical resistance and can therefore efficiently convert
electrical power into heat. An important issue with this application however is to balance the
electrical power input and heating element size to limit its surface temperature: the element must be
large enough to dissipate sufficient energy so that it does not melt during operation when maximum
current is applied. This would not only cause permanent damage to the heater, but it could also
become a considerable fire and safety hazard. The following problem will allow you to develop a
procedure to predict the surface temperature of the demonstration lamp’s heating element under
electrical load.

You must complete the following tasks
a) Predict the lamp’s heating element surface temperature under electrical load.
b) Once the prediction is made, measure the heating element’s surface temperature with an
optical pyrometer. Note: The T-A needs to initialize your Quiz book before doing this task.
¢) Explain any discrepancy between the predicted and measured temperatures.

Given:

1- The wire heating element used in the lamp has a diameter d,,=0.8mm. The total length L of the
wire is 5525 mm. You can assume that 15% of the total wire surface area is in contact with the
ceramic base of the lamp, and therefore this portion of the wire may be considered as perfectly
insulated.

2- The demonstration lamp is in the front of the classroom if you need to access it. The voltage
and current may be measured on the experimental setup.

Methodology

You must do the complete analysis as seen in class with assumptions and governing laws.

If some data is missing, make an educated guess and clearly justify your assumptions. Everything is
to be written in the Quiz book.

Time limit
You get 50 minutes to complete this part of the Quiz. This includes all of the three tasks to complete.
Manage your time properly as task c) is also worth some marks.
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MCG 3110 - HEAT TRANSFER

Quiz #3 — Introduction to Conduction
Tuesday, February 8, 2011

Part 1 - Short questions (60 marks)

I. Estimate the heat transfer rate trough a 100 mm thick wall of surface area 1m?> if the

lemperature on both sides of the wall are respectively 10°C and -5°C and if the wall is made of :
(9 marks)

a) Plastic
b) Pure copper
¢) Air (neglect convection)

2. a) Using the 1" law applied on an infinitesimal control volume (shown below), develop the heat
diffusion equation (HDE) in Cartesian coordinates. State all the assumptions required. (45 marks)

.
3
s |

= A

Wermacranenahese

i
I
'
Il
'

\P




Part 2 - Problem (40 marks)

A cylindrical coating, which is applied to the inner surface of a plastic tube, is cured by placing a
cylindrical radiation heat source within the tube. The space between the coating and the source is
evacuated and the source delivers a uniform heat flux q,", which is absorbed at the inner surface of
the coating. The outer surface of the coating is maintained at a known uniform temperature T, ,.

Plastic tube — |8

Coating Layer —

q;l
Radiation Heat Source

Develop an expression for the temperature distribution T(r) in the coating layer in terms of Q" Ta,
r, r; and k.

Useful information:

2 1 o(,orT I 0 ik or
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MCG 3110 HEAT TRANSFER

Quiz #4 - Chapter 3, part |
Tuesday, February 15, 2011

Part 1 - Short questions (15 marks)

1. Explain what we mean when we assume one-dimensional steady-state conduction. (5 marks)

2. Explain the concept of thermal resistance. Why is it useful? (5 marks)

3. Explain why the concept of thermal resistances can’t be used for solids with heat generated. (5
marks)




Part 2 - Problems (ss marks)

I. Clothing made of several thin layers of fabric with trapped air in between, often called ski
clothing, is commonly used in cold climates because it is light, fashionable, and a very effective
thermal insulator. So it is no surprise that such clothing has largely replaced thick and heavy old-
fashioned coats. Consider a Jacket made of five layers of 0.1 mm thick synthetic fabric (k=0.13
W/m.K) with 1.5 mm thick air space (k=0.026 W/m.K) between the layers.

a) Assuming the inner surface temperature of the jacket to be 28 Celsius and the surfaceto be 1.1
m’, determine the rate of heat loss through the jacket when the outside air temperature is -5
Celsius and the heat transfer coefficient at the outer surface is 25 W/ m? K. (20 marks)

b) What would be your response if the jacket is made of a single layer of 0.5 mm thick synthetic
fabric (without air pockets)? (10 marks)

¢) What should be the thickness of a wool fabric (k=0.035 W/m.K) if the person is to achieve the

same level of thermal comfort (as in part a)) wearing a thick wool coat instead of a ski Jjacket?
(10 marks)

2. A thin silicon chip is mounted on an 8mm thick aluminium substrate (k4 = 238 W/m°C) as
shown in the figure below. Imperfections at the interface between the chip and the aluminium
substrate causes a thermal contact resistance of Ry ¢ =0.9x10* m-°C/W. The chip and aluminium
substrate both have a surface area of 100mm?, and their exposed surfaces are cooled by air at
T+=25°C with a convection coefficient of h=100 W/m® °C. The sides of the chip and substrate are
perfectly insulated; as such heat losses through the sides of the chi p and substrate can be neglected.
Knowing that the chip dissipates 1 W under normal conditions, will it operate below its maximum
allowable temperature of 85°C? (45 marks)

h=100 W/m?
Insulation

Silicon Chip, T —3
. N \
TS Aluminum Substrate R ILszm
\
© Al iy T T,=25°C

VI ey =100 W/m?2

i

Note: You can assume the chip to have a uniform and constant temperature T,
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MCG 3110 HEAT TRANSFER

Quiz #5 -Chapter 3, Part 2
Tuesday, March 1, 2011

To be done in groups of two - One quiz book per group - Write both names

Part 1 - Short questions (20 marks)
1. Explain what makes a good fin (at least two things...) (10 marks)
2. Define fin efficiency and fin effectiveness (in your words and mathematically). (10 marks)

Part 2 - Problem (30 marks)

In order to get faster computers and data access, it is required not only to increase the CPU speed but
also the hard drive speed. As we increase the hard drive speed, more power is dissipated through the
hard drive and it must be evacuated adequately to prevent elevated hard drive temperatures that could
damage it. One proposed solution to keep the hard drive temperature low is to use hard drive coolers;
a combination of fins and fans that can reduce the hard drive surface temperature.

One such unit is branded as the Ultimate Hard Drive Cooler (see reverse for images). On the
packaging, the manufacturer claims that a reduction of up to 40% of the hard drive surface
temperature can be achieved when using this unit. The aim of this problem is to determine whether
the manufacturer’s claim is true or not.

Cross-Section view of Heat Sink (Fin Array)

Air, T_=22°C
h =150 W/m30¢

T

w = 100mm ] 14mm

T

J' —
/ L= 144mm
ty = 1mm T l—Aluminium, ka= 238 WimK
ty=15mm Surface in contact with Hard Drive (Ts) LAir, T,= 229

h =150 Wim3o¢




1.0 1.5
L¥(hika, )2

FIGURE 3. 18 Efficiency of straight fins (rectangular,

triangular, and parabolic profiles).
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