Department of Materials Science and Engineering
Massachusetts Institute of Technology
3.044 Materials Processing — Spring 2011
Exam 11
Wednesday, April 27, 2011
The Rules:
1) No books allowed; no computers allowed; etc.
2) A simple calculator is allowed

3) One hand written 3x5 index card may be prepared as a crutch.

4) Complete 5 out of the 6 problems. If you do more than S problems, | will grade the first
5 that are not crossed out.

5) Make sure that you READ THE QUESTIONS CAREFULLY
6) Supplementary materials are attached to the end of the test (eqns., etc.)

7) WRITE YOUR NAME HERE:
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Problem #1: Swimming for Their Lives (the particles, not the students)

In continuous casting, one major problem is that small
inclusion particles can be caught in the casting. Let’s

analyze this problem, for small inclusions of Al;O3 (which melt
are actually quite common in steel). Particle ‘A’
The key consideration is that the alumina particles float in solid metal

molten steel. For such a particle in the melt region at point

*A’, the particle is (a) trying to float to the top due to the V¢
buoyancy force (F = Ap-g-V, with V the particle volume),

(b) but being propelled downward at the casting velocity v,

(= 1 m/min) at the same time.

Part A:

Write down a reasonable and simple condition that decides whether the particle will eventually
escape at the top surface, or be carried down and get incorporated in the metal in the sump.
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Part B: Velar = VC Heo H—‘ET_F-;.?I Llast out

Let’s calculate the velocity at which the particle would rise. Write down the force balance for
particle *A’, and indicate with what velocity it rises. (For this part of the problem, ignore the v,
effect.)
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Some particles will escape, and some will not—calculate which size particles will escape and

which will not. You may need the information at the back of the test, and the viscosity of the
meltis 7-10™ Pa-s.
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Problem #2: A Question you are in a Super Position 1o Answer

[Lis sometimes possible 1o use the principle of superposition for fluid Mow problems. (OF course
this is no surprise. seeing the pervasive analogies between ow and diffusion.)

Below are some common situations in fluid flow. Explain whether or not you cun use
superposition 1o solve for the Mow field in cach case. I superposition is possible, explain whal
geometries/solutions are superposed. 111 is not possible, explain why not,

Part A) Fluid is pumped down a pipe of square cross-section,
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Yart B) Gravity drives flow down a rectangular channel open to the air on top.
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Part C) A eylinder of aspect ratio | is filled with water. closed, and spun on its axis. leading 1o
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Problem #3: The Students Face Down a&ealghase Diagram
e

2 é“" 'P L Alomic Percenl Ceball
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of titanium that T oo ;
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Lookmg at the Ti-Co '..‘ . ‘ L o
phase diagram, you HY
reason that this alloy o e i
could be zone refined, » Y I 5 "w‘
= = 3 L‘. | o 5 " Ot
?xactly as discussed . :
in your 3.044 class. g | ¢ ! . } e
You place the rod into £ i o
an induction coiland = weo{ ™
pull it through slowly, %
locally melting and - S;'
resolidifying the rod ]
as the hot zone passes 203%
over it. ml:.lﬂ.!'!),...,._,...... __________ — :
o 1o 20 10 0 50 60 70 80 0 100
T Weieht Percent Cobalt Co

At the end of one
pass, you analyze the leading end of the rod—this is the first part of the rod to be melted and
resolidified.

Part A:

From the phase diagram, you estimate that the alloy composition at the end of the bar should be
about 0.6 at% after one pass through the zone refiner. Explain this estimate.
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You are shocked to find, however, that the end of the bar is quite substantially purer than you
first suspected it might be! The composition is ~0.1 at% Co. Explain why the rod is so pure at
this end, and why specifically it is at a value near 0.1 at% Co. (Note: your measurements are
made after the rod is cooled back down to room temperature).
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Problem #4: Which Driving Force is Doing the Driving?

In class, a long time ago, we looked at the problem of glass fiber
production. We explicitly looked at the required cooling rate to
keep a new fiber of diameter 20 pm, drawn from the fluid, from
breaking up into droplets before it became rigid. A schematic of
the process in shown at the right.

Now, back when we looked at this problem, we knew heat
transfer but not fluid flow, Let’s talk about fluid low this time
around.

Information: the material is glass at 900° C, p = 10° Pa-s, p = N
2500 kg/m’, y = 0.5 J/m’. 3

Part A) There are two driving forces for flow of the molten glass lhrough the aperture. Name
them, and determine which is dommant
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Part B) There is one driving force for the breakup of the stream into droplets: capillary stress, ¢
= 2y/r. Compare it to the driving forces from Part A and convince yourself (and me) that it is
significant in this process. Pay attention to units here.
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Problem #5: Stretchy or not so Stretchy?

Polyethylene is a very nice T Yo
material to form into shapes with L/0=667 \
viscous forming operations. At '-:E' " ’}D M ’L
the right are data for the rheology LR loy¢
of polyethylene. NOTE: These ?.,
data are plotted on )
LOGARITHMIC SCALES. The i
slope tells you about the strain o
rate sensitivity. E 105 -
Part A) For a fixed forming rate -
(a shear rate of] say, 10 s, higher ‘%
temperatures lead to more stable
flow. Provide an estimate of the -
tensile ductility at 300° C vs. 120° |°‘l o F
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Part B) As a process designer, you would like to operate at the lowest possible temperature and
the highest possible rate. Explain briefly how, with the help of this data, you would identify an
optimum processing condition? What data would you need to do such an analysis?

Lcom He PG’JF jéu’nﬂ?’ we Would hewe a desvel ﬁfm‘,)J <¢
’Hnt"}, J.zﬁJre.s ‘m f Via H“ Aloov’e equz\%’ah :
‘{t’l > th .'l]//h ),( }’H?.‘j /4‘6 5, afe h r}ﬂf (?ch/—(‘

) J
WchL 5000‘&6’5 CL:;ML:L?LGMS o T+ ot are c;(ceprlxlle

CJ-.&?I (,./.}L h = "“‘6@*‘%)



—(

Problem #6: Amazing Brazing

.. Copper

v Braze alloy
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The process of brazing is essentially like casting: a melt is placed between two objects to be
joined: the melt then solidifies. holding the objects together. These pictures Show cross=sections
ol braze joints between two copper pieces (which are on the top and bottom).

Here are three variables in this process: (i) braze alloy composition. (ii) thickness ol the braze
region, (1ii) temperature of the copper sheets.

Part A) 11 (i) and (it) are exactly the same between the two cases A and B.explain how (1i1) must
be different between them. Provide one sentence of physical explanation.
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Yart B) 10 (i) and (i) are exactly the same between the two cases A and B explain how (i) must

be different between them, Provide one sentence of physical explanation.
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