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1. (20%) |

(1) Please define the friction factor for pipe flow.

(2) Please explain the dependence of friction factors for the laminar flow
and turbulent flow on the surface roughness.

(3) Plot the Moody diagram and explain it as possible as you can.

2. (15%)
As shown in Fig. 1, the fluid velocity along the streamline is V = Vs .

The acceleration can be expressed as

Streamlines

Figure 1
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3. (20%) ,
Consider steady, incompressible, laminar flow of a Newtonian fluid in an

infinitely long round pipe annulus of inner radius R; and outer radius R,
(as shown in Fig. 2). Ignore the gravity effect. A constant negative

op _(B~P)

. a a . . . ._ 3 M —_— .
pressure grad1ent\ )p/0x is applied in the x-direction, ox (x,—x)

Derive an expression for the velocity field in the annular space in the
pipe. ’/

Hint:

The velocity field is axisymmetric with no swirl, implying that#, = 0 and

0

)
00

Quter pipe wall

i

Figure 2




R #E KL 108 24 EB I E NS HA
AFREEMR] BT IRAHEHER T a(TEE)
FRFE (REE) - A A 2(3204)

£ 4 7 % 3 8 *HEIEEE] %%

4. (25 %)
As the fluid with the velocity of U passes over a flat plate with the

length of L (shown in Fig. 3), the boundary layer is laminar for a short
distance downstream from the leading edge. In this flow condition, we
consider a steady two dimensional laminar flow with negligible
gravitational effect. The governing equations can be reduced to the

followings. (6 is the boundary layer thickness)
Oou 0Ov
+

20
ox Oy

2 2
o ou__1dp up ou ou
ox Oy pox plox™ Oy

Simplify above equations into the Boundary layer equation (as shown
below) using the dimensional analysis. In addition, please find the
relationship of boundary thickness and Reynolds number.
ou Ou o’u
oo ;‘ >
Hint : (1) L>>8
y(v)

Boundary layer

Figure 3
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5. (20 %)

A liquid of density p and viscosity u flows by gravity through a hole of
diameter d in the bottom of a tank of diameter D (Fig. 4). At the start of
the experiment, the liquid sﬁrface is at height L above the bottom of the
tank, as sketched. The liquid exits the tank as a jet with average velocity
‘U straight down as also sketched. Using dimensional analysis of
Buckingham Pi Theorem, generate a dimensionless relationship for V as a
function of the other parameters in the problem. Identify any established

nondimensional parameters that appear in your results.

(Hint: There are three length scales in this problem. For consistency,

: choose L as your length scale.)
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Figure 4




