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The Navier-Stokes equations for constant p and p in Cartesian coordinates are:
x direction
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y direction
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3.

Energy exchange between Fluid A and B in a cocurrent flow, single-pass, double-pipe heat exchanger:
Fluid A: mass flow rate=1.0 kg/s, specific heat=1500 J/kg.K, T;;=375 K
Fluid B: mass flow rate=0.3 kg/s, specific heat=2500 J/kg.K, Ti= 280 K
Overall heat transfer coefficient=225 W/m®K and heat transfer area=5 m*

a., What is the number of heat transfer unit (NTU)? (2%)

b. If using the same heat exchanger but with energy exchange between Fluid A and B in a
COUNTERCURRENT flow fashion (same Tj, as the above), will the NTU{(countercurrent) > or =
or < NTU(cocurrent)? Explain your answer. (1%)

¢. Derive the expression of heat-exchanger effectiveness, €, for the cocurrent flow, single-pass,
double-pipe heat exchanger. (5%) What is the value of ¢ for this case? (2%) Evaluate the heat
transfer rate, the Ty, for Fluid A and B, and the logarithmic-mean temperature difference. (4%).

d. Will the effectiveness, c(cocurrent) > or = or < g(countercurrent)? Explain your answer. (2%)
e. For the shell-and-tube heat exchanger, what does it mean by “2-4"? (1%) If we use the
shell-and-tube heat exchanger (at the same conditions as descnbed) will the effectiveness, £(shell
and tube) > or = or < g{countercurrent)? Explain your answer. (3%)
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In the manufacture of semiconducting thin films, a thin film of solid arsenic (As) is laid down onto the
surface of a silicon wafer by the chemical vapor deposition of arsine, AsH;

2AsH;(g)—2As(s) + 3Ha(g)

The arsenic atoms then diffuse into the solid silicon to dope the wafer, as shown in the figure below.
AsH(g) Halg)

As(s) thin film

(a) Write down the simplified governing equation and the appropriate initial and boundary conditions
for this problem. (4%)
(b) Show that the solution can be expressed as

c, —C 4

As 4 - erf]

Cu ~Cao 2D gt

where ¢,, is the initial concentration of arsenic in the silicon wafer, c,, is the surface

concentration of arsenic in silicon, and D,, is the diffusivity. (4%) From this result, deduce a
relation between the characteristic length of diffusion and D ;2. (2%)

(c) What is the flux of arsenic atoms into the silicon wafer after 30 minutes, in units of atoms/cmZ-s?
(6%) What is the arsenic concentration one micron into the silicon wafer afier one hour, in units of
atoms/cm’? (4%) The initial concentration of residual arsenic in the silicon wafer is 10
atoms/cm’. The process temperature is 1050°C. The average diffusivity of arsenic in silicon is 5 x
10" ecm®s at this temperature, and the maximum solubility of arsenic in silicon is 2 x 10%
atoms/cm’. The error function can be approximated by
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FI A — & 5% A 483 (flash distillation) 4% 4 40 mole% benzene in 60 mole% toluene
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Concentration, mole fraction benzene 0 0.10.20304 050607080910
X
Enth:'ﬂp)'z of Specific heat at cons‘gant Boiling point ,
componernt vaporization , pressure, cal/g mol."C C
cal/g mol. liquid Vapor
Benzene 7360 33 23 80.1

Toluene 7960 40 33 110.6




