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I. & firstlaw of thermodynamics (£ # 40 F)£ 4 % ¢ Bernoulli equation 32 assumptions 379457 (6%)

[Note] R & 5k B k-2 assumptions, 7 % 3 %
First faw of thermodynamics #) & 5,40 F
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B F, c.5: control surface, Bp Byt i 2 Jodn £

v for efflux or influx of mass across the control surface

;. normal stress F: thermodynamic pressure
oW,

d

] H-'-"
—dr—- : the work rate to overcome viscous effects at the control surface.
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3. Newtonian fluids $ non-newtonian fluids & 4= {7 E 47 (4%)

4. Navier-Stokes equations i i 69 3 ¥ % Newton’s second law of motion, 4> # 40 F:
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In Blasius' solution for laminar flow over a flat plat, the pressure gradient was zero. However, a much

more common flow situation involves flow with a pressure grm:l_u-.nt Now, consider 4 laminar flow over a
flat plat with a pressure gradient. (14%) v

The equation for flow over a flat plat is

G doy  Buy, dP 3
P{;.t+u'=§—+v}, ; :—dx-;-ﬁa;;x

From Bernoulli’s equation, g can be expressed as follows,
dP _ du,,

& o Ta

If the velocity outside of the boundary layer is denoted by v, (i.e, v.(8)=v,4), please obtain
the velocity profile of the form

U 2
— = CQ¥eay+oy + G4}'3
Uxs

ie., to solve for ¢, ¢3, c3, and cy.

[Hint) 4L 8§ & — &2 £, 38 7) ik B7F boundary conditions, Bp T3¢ S # — — £ & »

Consider a hollow spherical heat-transfer medium having inside and outside radii of
ri and ro with the corresponding surface temperatures T; and Ty. If the thermal-

conductivity variation may be described as a linear function of temperature according
to

k=k(1+pT)

calculate the steady-state heat-transfer rate in the radial direction, using the above
relation for the thermal conductivity. (8 %)
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7. One normally considers a flux to be proportional to the driving force, thus the heat
flux might be expected to increase continuously as the temperature difference
between the heated surface and the saturated liquid increases. This, of course, in not
the case; the very high heat fluxes associated with moderate temperature differences
in the nucleate boiling region are much higher than the heat fluxes resulting from
much higher temperature differences in the film boiling region. Please explain why
it happens. (4 %)

8. A reaction mixture having a mean heat capacity cpm = 2.1 kl/kg-K is flowing at a rate

of 7500 kg/h and is to be cooled from 380 K to 340 K in a heat exchanger. Cooling
water (cpm = 4.2 kl/kg-K) at 290 K is available and the flow rate is 5000 kg/h. The

~overall heat transfer coefficient Uy is 600 W/m2-K. For counterflow, calculate the
outlet water temperature and the area Ag of the exchanger. (10 %)
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