University of New Mexico
Mechanical Engineering
Fall 2009 PhD qualifying examination
Heat Transfer

Closed book. Formula sheet and calculator are allowed, but not cell phones,
computers or any other wireless device.
Time allowed: 150 minutes.



Part 1: General knowledge questions (25 points)



. In which case is it less likely to find a uniform temperature in a bird being
baked in an oven under identical conditions?

(a) a quail

(b) a pheasant

(c) a turkey

Answer:

. For a certain amount of time, several terms in the Fourier series so-
lution are necessary to describe the temperature distribution in a one-
dimensional transient problem. Why?

(a) because the low-frequency terms have not yet decayed

(b) because the high-frequency terms have not yet decayed

(c¢) because the Biot number decreases after some time
Answer:
. What does the Biot number represent physically?

(a) the ratio of thermal resistance of the solid to the thermal resistance
of the convective boundary layer

(b) the ratio of thermal resistance of the convective boundary layer to
the thermal resistance of the solid.

(c) the dimensionless temperature gradient just outside the surface
Answer:

. In a finite difference simulation of transient temperature distributions,
what is one consequence of increasing the refinement the spatial discretiza-
tion?

(a) better accuracy and higher computational speed
(b) decrease in the maximum allowable timestep

(c) faster execution of the simulation
Answer:
. How does the conductivity of a gas vary with temperature in general?

(a) increases
(b) decreases

(c) stays constant

Answer:



10.

Why are metal handles on wood stoves often coiled, rather than made
with a solid piece?

(a) the thermal resistance increases, thereby producing a region cool
enough to handle

(b) to allow for thermal expansion

(¢) because coiled handles look quaint and old-fashioned
Answer:
What material offers higher thermal resistance?

(a) wood
(b) still air
(¢) Spam
Answer:

What conditions are sufficient for the use of the lumped capacitance
method?

(a) low convection coefficient
(b) high conductivity

(c) low Biot number
Answer:

Some people can walk on hot coals. Why would they not be able to walk
on large ball bearings at the same temperature?

(a) ball bearings contain more heat
(b) ball bearings offer less resistance to the flow of heat

(c) ball bearings could roll around and cause the person to fall
Answer:
Does it make sense to define a Biot number for thermal radiation?

(a) yes, since it is possible to express radiative heat loss in the form of
the Newton equation
(b) no, because radiation is a completely different mechanism

(¢) no, because radiative heat loss is a function of temperature

Answer:



Part 2: Problems (25 points per question)
Attempt all problems in this section, clearly stating any assumptions and sim-
plifications used in your solution.



Problem 1

air, T=10degreesC

h=4WwW/m2/K

insulating substrate

For a certain period during curing of freshly poured concrete, the reaction of
cement with water releases 240 W/m?. Consider a concrete slab of 0.15 m thick-
ness, poured on an insulating polystyrene foam substrate. If the temperature of
the ambient air is 10°C, calculate the maximum temperature in the slab during
this stage of curing, also indicating the location. The thermal conductivity of
concrete is 0.8 W/m/K, and the convection coefficient at the surface of the slab
is 4 W/m? /K. State any necessary assumptions.



Problem 2

ambient T = 20 degrees C

horse hair mat

T =75 degreesC
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A metal water heater tank contains 100 kg of water at 75°C in a room where the
ambient temperature is 20°C. The wetted surface area of the heater is 1.3 m?2.
The manufacturer is planning to ‘green’ its product by insulating the heater
with matted horse hair (thermal conductivity 0.05 W/m/K), a by-product from
the nearby glue factory. The technical requirement is that the water should not
cool faster that 3°C per hour when the heater is turned off. Calculate the re-
quired thickness of the hair mats. Assume that the water circulation by natural
convection inside the tank ensures that the water temperature remains uniform.

Hint: The problem can be made easier by neglecting the temperature drop
across the metal tank wall and the air boundary layer around the insulation.
Comment on the legitimacy of such an assumption.



Problem 3

A small spherical hot air balloon, 10 m in diameter, weighs 130 kg with a small
gondola and a (small) passenger. How much fuel must be consumed (in kJ/h)
if the balloon is to hover at low altitude in still 25°C air? The heat transfer
coefficient on the outside of the balloon, resulting from natural convection, is
2.15 W/m? /K.

Hint: Consider the air temperature necessary to maintain the required density
of the air inside the balloon.






TABLE A.4

Thermophysical Properties
of Gases at Atmospheric Pressure”
S

T p o po 107 o100 ko100 @ 10°
(K)  (kgm’) (kJ/kg-K) (N-s/m?) (m¥s) (W/m-K) (m%s)  Pr
Air
100 3.5562 1.032 71.1 2.00 9.34 254  0.786
150 23364 1.012 103.4 4426 13.8 584 0.758
200 1.7458 1.007 132.5 7.590 8.1 103 0.737
250 1.3947 1.006 159.6 11.44 223 159 0.720
300 l.1614 1.007 184.06 15.89 26.3 22:5 0.707
350 0.9950 1.009 208.2 20.92 30.0 299  0.700
400  0.8711 1.014 230.1 26.41 33.8 383 0.6%
450 0.7740 1.021 250.7 32.39 373 472 0.686
500 0.6964 1.030 270.1 38.79 40.7 56.7  0.684
550 0.6329 1.040 288.4 45.57 439 66.7  0.683
600  0.5804 1051 305.8 52.69 46.9 769 0.685
650  0.5356 1.063 322.5 60.21 49.7 873 0.690
700 04975 1.075 338.8 68.10 524 98.0  0.695
750 0.4643 1.087 354.6 76.37 54.9 109 0702
800  0.4354 1.099 369.8 84.93 57.3 120 0709
850  0.4097 1.110 3843 93.80 596 131 0.716
900  0.3868 1.121 398.1 102.9 62.0 143 0.720
950  0.3666 1131 4113 1122 64.3 155 0.723
1000 0.3482 1141 4244 1219 66.7 168 0.726
1100 03166 1.159 449.0 1418 71.5 195 0.728
1200 0.2902 1.175 473.0 162.9 76.3 224 0.728
1300 0.2679 1.189 496.0  185.1 82 238 0.719
1400 0.2488 1.207 530 213 91 303 0.703
1500  0.2322 1.230 557 240 100 350 0.685
1600  0.2177 1.248 584 268 106 390 0.688
1700 0.2049 1.267 611 298 113 435 0.685
1800  0.1935 1.286 637 329 120 482 0.683
1900  0.1833 1.307 663 362 128 534 0.677
2000  0.1741 1.337 689 3906 137 589 0.672
2100 0.1658 1.372 715 431 147 646 0.667
2200 0.1582 1.417 740 468 160 714 0.655
2300 0.1513 1.478 766 506 175 783 0.647
2400 0.1448 1.558 792 547 196 869 0.630
2500 0.1389 1.665 818 589 222 960 0613
3000 0.1135 2.726 955 841 486 1570 0536
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