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A capillary flowmeter is mainly used to measure the pressure difference of pipes with different cross-
sectional areas (as shown in the figure below). The cross-sectional areas at ®and @ are Aj and A;
respectively. The reading difference of the capillary flowmeter is Ah. Assume it is a horizontal frictionless,
stable and equal-density fluid. Please use the Bernoulli equation to derive the velocities Vi and V, (by
using Ah, g, A and A to express)? (25%)

©)
_______ -
___________ Jar N
\ N
[
\\%%&i%\\\&ﬁ\k\&\&b

- Aheat exchanger is used to heat water (Cpw= 3.0 KJ/kgK) from 40°C to 90°C. The mass flow rate of the

water is 5.6 kg/s. The hot stream (Cpw=1.6 KJ/kg'K) enters the heat exchanger at 210°C  and leaves at 160
“C. The overall heat transfer coefficient is 60 W/m2K. Please determine:

a. The mass flow rate of the heat stream. (10%)

b. The exchanger surface area for counterflow operation. (15%)

A liquid is flowing at a rate of 0.2 ft3/sec per feet of width of the plate between two flat parallel plates.
The viscosity (u) of the liquid is 6.98 x1073 Ib¢- sec/fi>.  Assume laminar flow. If the distance between
the plates is 1 in, please calculate:

a.  The maximum velocity. (20%)

b. The shear stress at the plate wall, (5%)

A spherical ball of solid (nonporous naphthalene) is suspended in an infinite, still air. The naphthalene ball
slowly sublimes, releasing the naphthalene vapor into the surrounding air by molecular diffusion-limited
process. Estimate the time required to reduce the diameter from 1.0 cm to 0.25 cm when the surrounding
alr is at 347 K and 1.0 atm. Naphthalene has a molecular weight of 128 g/mol, a solid density of 1.145
g/cm?, and a diffusivity in air of 0.0819 cm%/sec, and exerts a vapor pressure of 5.0 Torr (666 Pa) at 347
K. (25%)




