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1. (20 /.20 points)

FERE p, R p b OWKD, SENSAE 6 EIHEHW IR IR S IR E LT,
BEHAZK D ER - EIRTHRAE DL TWD. FRICIH T T E H%E z, FARICEE R R4 x& L,
BHEmZ x=0, PREEEL x=6 &7 5. WERDITRATHD u,(x) OHL L, WIEEIZ—
EET 5. BEH (x=8) TIXIEY 2 LEMNEKY LD, LFORWIZE 2 XK. /A fluid of density p
and viscosity u flows steadily down a plane as a liquid film that is inclined at an angle 8 from the vertical
direction. A coordinate system is defined such that the z—axis is along the plane in the downslope direction, and
the x—axis is normal to the plane. The free surface is located at x = 0, and the solid wall is located at x = §.
The flow is two-dimensional, and the only nonzero velocity component is the downslope velocity u,(x). All

physical properties are constant. At the wall the no-slip condition holds. Answer the following questions.

(1.1 FRICEERTIIIHNES dxe OEFRAZ LY, z HOEBEIS G, RN O
u,(x) N0t H Xhc HFE A E T, Consider a thin shell of thickness dx in the x-direction and
apply the momentum balance in the z-direction to derive the governing differential equation for u,(x).

(1.2)  #EUIRERSEME 5 %, EESA u,(x) %K L Provide appropriate boundary conditions and
determine the velocity distribution u,(x).

(1.3)  EBE@EIZB T D AW 1% KD L. /Determine the shear stress on the wall surface.

(1.4)  WEOHMNIESHT- Y OIRFE &% KD K. Derive an expression for the volumetric flow rate per
unit width of the film.

2. (30 =730 points)

PNEE 50.0 mm D 57372 100 m OHENZ, A 180 L/min OKBNENA TN D, LUFORICE &
K. 72k, KOEEEIT 1.00x10° kg/m?, BEEEEEIX 1.00x10° m%s &3 5. Water flows at a rate of 180
L/min through a smooth circular pipe with an inner diameter of 50.0 mm and a length of 100 m. Answer the

following questions. The density of water is 1.00x10° kg/m?, and its kinematic viscosity is 1.00x107¢ m?/s.

Q2.1) EFAOWNIETDH LA/ VAEEZRKRD K. Calculate the Reynolds number for the flow within

the pipe.
22 TI7TVUAOXEM - TEEEMSRIE KD L. Calculate the friction coefficient using Blasius
formula.

(2.3) EHEKERD K. Calculate the pressure drop.

2.4) BEmIZBIT HHEAWNSETIZ KD K. Calculate the shear stress on the wall surface.

(2.5) MENOHEZHD n=T7 OEEIERNINE S HE OE R LOMEZ K L./ Find the velocity
at the center of the pipe when the velocity distribution within the circular pipe follows an exponential
law with n=17.

(2.6) MENOHEE AR DB RBAERNIHE 5 HAE OE R LOBME %KD L. Find the velocity at the

center of the pipe when the velocity distribution inside the circular pipe follows the logarithmic law.



