University of New Mexico
Mechanical engineering
Fall 2015 Ph.D. qualifying examination

Heat Transfer

Notes

e Time allowed: 150 minutes.

e Closed book / Closed Notes (one 8.5 x 11.00 in. sheet of formulas is allowed).

e Calculators are allowed.

e Laptops, cell phones, and similar electronic devices are not allowed.



Part 1: General knowledge (25 points)



. A major assumption of the lumped capacitance method is ...

(a) The temperature of the solid body is spatially uniform
(b) Heat is only transferred to the body by radiation
(¢) The body is spherical

Answer:
. A Biot number relates ...

(a) The relative importance of surface tension and inertia
(b) Thermal conductivity and surface convective heat transfer

(c) Convective and diffusive heat transfer in the medium
Answer:
. Heat flows from one body to another when they have different...

(a) heat content
(b) temperature

(c) specific heat

Answer:

. The fundamental difference between convection processes in tube flow and in external

flow is that:

(a) In external flow, heat is always removed at a greater rate.

(b) In external flow, there is an infinite (for all practical purposes) supply of fluid
at constant temperature, while in tube flow the bulk temperature of the fluid is

affected by the convective process.

(c) in tube flow, the Nusselt number is constant, in external flow it is not.

Answer:

. In a series solution of a transient conduction problem, a Fourier number approaching

infinity is mathematically consistent with:

(a) Initial conditions.
(b) Steady-state conditions.

(c) Convection conditions.

Answer:



6. In a series solution of a transient conduction problem, a one-term series solution is
accurate if the Fourier number is large, because:
(a) Low-frequency terms in the series have already decayed.
(b) High-frequency terms in the series have already decayed.

(c) Steady-state conditions are reached.
Answer:

7. Arrays of vertical fins are used to remove heat from devices such as electronic equip-
ment. For vertical fins in natural convection, there exists an optimum fin spacing,
which represents the best compromise between:

(a) The weight and the size of the array.

(b) The reduction in convection coefficient with more closely spaced fins and the
increase in total surface area.

(¢c) The increase in convection coefficient and the increase in weight with more
closely spaced fins.
Answer:
8. Typical engineered phase-change cooling systems operate in:
(a) the nucleate boiling regime, ensuring high cooling capacity, low excess temper-
atures, and a margin of safety.

(b) at the critical point, ensuring maximum possible performance with small excess
temperature.

(¢) In the film boiling regime, ensuring the combination of high excess temperature
and high heat removal rates.

Answer:

9. A large cavity with a small opening is approximately equivalent to a black surface
because

(a) it looks dark.
(b) a photon entering the cavity is very unlikely to come back out.

(¢) no radiation ever emerges from inside the cavity to the outside.

Answer:



10. The view factor F;; between two objects i and j is:

(a) the fraction of radiant energy emitted by ¢ which impinges on j.
(b) the fraction of radiant energy emitted by j which impinges on i.

(c) the solid angle subtended by j as seen from 4.

Answer:



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



— +—  Aluminum sphere
D =75 mm, Tj=25°C
o & p = 2700 kg/m3
Tg,i = 300°C s ¢ = 950 Jikg-K
h =75 W/m2-K k =240 W/m=-K
—

Figure 1: Schematic and parameters for a packed bed thermal energy storage system.

Problem 1

A packed-bed thermal energy storage system uses an array of aluminum spheres (initially
at T;) to collect the heat of incoming gas at Ty; (Fig. 1). Find the time required for a
sphere to acquire 90% of its maximum possible thermal energy, estimate the corresponding
temperature at the center of the sphere. Now replace aluminum spheres with copper
spheres of the same diameter, assuming density 8900 kg/m? and heat capacity 400 J/(kg
K) for copper. How will the energy stored by the array of copper spheres compare with
that stored by the aluminum spheres?



Condensing steam

o R

35°C Oil out
0.05 kg/s 45°C
I em
0.02 cm Copper tube ‘
< L = ? |
Figure 2: Schematic of oil-warming tube arrangement.
Problem 2

Used engine oil can be recycled by a patented processing system. This system includes a
process during which the oil flows through a 1-cm internal diameter copper tube with a
wall thickness of 0.02 cm, at a rate of 0.05 kg/s. the oil enters at 35°C and is to be heated
to 45°C using atmospheric pressure steam condensing on the outside of the tube, as shown
in figure 2. Calculate the length of tube required.



Problem 3

Water at atmospheric pressure is boiling on a mechanically polished stainless steel surface
that is heated electrically from below. Determine the heat flux from the surface to the
water when the surface temperature is 106°Cm and compare it with the critical heat flux

for nucleate boiling.



Potentially useful information
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Values of the coefficient Cy for various liquid-surface combinations

Fluid-heating Surface Combination Css
Water on scored copper [18]? 0.0068
Water on emery-polished copper [18] 0.0128
Water-copper [25] 0.0130
Water on emery-polished, paraffin-treated copper [18] 0.0147
Water-brass [27] 0.0060
Water on Teflon coated stainless steel [18] 0.0058
Water on ground and polished stainless steel [18] 0.0080
Water on chemically etched stainless steel [18] 0.0133
Water on mechanically polished stainless steel [18] 0.0132
Water-platinum [19] 0.0130
n-Pentane on lapped copper [18] 0.0049
n-Pentane on emery-rubbed copper [18] 0.0074
n-Pentane on emery-polished copper [18] 0.0154
n-Pentane on emery-polished nickel [18] 0.0127
n-Pentane-chromium [26] 0.0150
Isopropyl alcohol-copper [25] 0.00225
n-Butyl alcohol-copper [25] 0.00305
Ethyl alcohol-chromium [26] 0.0027
Carbon tetrachloride on emery-polished copper [18] 0.0070
Carbon tetrachloride-copper [25] 0.0130
Benzene-chromium [26] 0.0100
50% K,COs-copper [25] 0.00275
35% K,CO3-copper [25] 0.0054

“Numbers in brackets indicate references -
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Vapor-liquid surface tension for water

Surface Tension o(x 10° N/m) Saturation Temperature °C

75.5 0

72.9 20

69.5 40

66.1 60

62.7 : 80

58.9 100

48.7 150

37.8 200

26.1 250

' 14.3 300
3.6 350

Source: N. B. Vargaftik. Tables on the Thermophysical Properties of Liquids and Gases, 2nd ed.,
Hemisphere. Washington. DC, 1975, p. 53.
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