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1. (6 %) (a)f7T 35 448 2 (Newtonian fluid) (3 %) ? (b) & i Reynolds number # % % - E#E E £

BTG

. (6 %) (2) B # Navier-Stokes equation Z & & (2 4°) » (b)F i Navier-Stokes equation 4

Cartesian coordinate ¥ y-%-&# X, F(2 %) - (c)Navier-Stokes equation & f #9444 %47 ? 2 %)

. a
(6 4°)—18 2-D, _steady, incompressible Z i FHE R HEU = é/—){ , A TE (B —)AT 8 ™ &) streamline

ZHEE QBREAEEV=134%), O)BEQLEBHGBEHERE = (3 2) ¥ % stream function e
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6 %) (a)De.ﬁne Darcy friction factor (f) (3 %7). (b)What is the loss head (hy) in terms of /; tube
length (I/D), and velocity head, for a fully developed flow in a horizontal tube? (3 %)

(6 %) kR 3H BV =xyti +2x%]+3k » BI#%A% % (2) steady or unsteady? 2 2) B HE & 5
AR a o OWBREFHT? (4 %) '

(8 %) Oil of specific gravity 0.83 flows in the pipe shown in the

Figure 2 (B —). Ifviscous effects are neglected, what is
the flow rate Q? (h=D=0.1016 m, d = 0.0762 m)

(12 4) (a) An incompressible, viscous fluid flows between horizontal, infinite, parallel plates as
shown below ([ =). The two plates move in opposite directions with constant velocities, U; and Us,
in the directions shown in the figure. Assume the flow is steady and fully-developed o #5#¢ 7% % &)
2-D Navier-Stokes equations B4 * 42 T Mi42 8938 » ERATHBHERA(—BREBAHABER S
& REMIE) o & 4 33 18 B 28 49 governing equation & # boundary conditions o 3,88 A 4T X &
©) ZJB /1 ¥ B % constant o &M 4B B E R ES - (104)
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8. (15 %) A laminar boundary layer on a flat porous plate can reach a constant asymptotic boundary
layer thickness and profile shape if suction is applied. Consider the case where the flow is steady and
developed (no variation in the stream-wise direction). The velocity components of the flow are u and
v. The velocity far from the surface is Up. The velocity of the fluid passing into the plate is Vs (With
Vs<0). Assume that 4 = 0 on the plate surface. %% g g

- =3 Ut)
Y u(y)

(a) Simplify the 2-dimensional continuity equation to show that u = u(y) and v= "7,
Hint: ; + V- (pu) = 0, where u is the flow velocity vector field.

|2

(b) Simplify the 2-dimensional Navier-Stokes equations with Newtonian viscous stress to derive a
differential equation relating u(y), U, and V; (p and s are the fluid density and viscosity).

du t
Hint:p <§—r +u- ’Wf.) = —Vp + uV*u, where y is the dynamic viscosity.

(c) What are the correct boundary conditions to solve the ODE equation (Do NOT solve the
equation)?
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9. (15 %) In an experiment designed to measure the power output from a combustion process, two
cylindrical shells of diameters of 8 cm and 12 cm and length of 2 m have been placed concentrically
around a flame. This process yields a uniform heat flux on the walls of the inside W/m?. Saturated
water flows between the cylinders with an inlet temperature of 25 °C and a velocity of 0.05 m/s. The
water temperature at the exit is measured to be 85 ‘C. The outer cylinder is insulated externally. Find

the value of qp”. 4# B &

I L=2m . I
Pl et

T,=85°C

D,=12¢cm
4 —

(&8 %)

10. (20 %) A current carrying (current 7 and voltage ¥) pure copper cable of diameter D and length L is
initially at 7; and suddenly placed in a water stream with h and 7., Determine the time at which its

temperature becomes 5°C from its final temperature.
T;=80C, h=50 Wim>K, T,=20C,D=2cm,L=1m,/=5A, V=20V







