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. A closed tank contains compressed air and oil (5G,y = 0.90) as is shown in Fig. 1. A U-tube monometer
using mercury {SGy; = 13.6} is connected to the tank as shown. For column heights iy = 36 in., Az =6 in.,
and b3 =9 in., determine the pressure reading {in psi) of the gage. (10%)

Please refer the Fig. 2. Ethyl alcohot flows through a pipe' of diameter D = 60 mm in a refinery. The
pressure drop acroﬁs the nozzle meter used to measura the flowrate is to be A p = 4.0 kPa when the
flowrate is @ = 0.003 m%/s. Determine the diameter, d, of the nozzle. {20%}
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Fig. 1 : Fig. 2 nozzle meter discharge coefficient.

Please define the heat transfer (1 %), Describe the ways of heat transfer (3 %}, formation conditions of

each way {3 %), and the correspending equations of each way (3 %).

The hot saturated steam with 247 kPz flows through'a metal pige of an ouiside diameter of 30 mm. The

pipe is covered with an insulation having a thickness of 20 mm and k of 0.08 W/m-K, The pipe is

exposed to Air at 300 K and a convection coefficient of 30 W/m>-K. Please calculate [a) the critical
radius and the heat loss per m of iength for the bare pipe {10 %), as well as (b} the heat loss for the
insulated pipe assuming that the surface temperature of the pipe remains constant. (10 %}

. A plate of iron is exposed to a carburizing {carbon-rich} atmosphere on one side and a decarburizing

{carban-deficient} atmosphere on the other side at 700°C. If 8 condition of steady state is achieved,

caleulate the diffusion flux of carbon through the plate i the concentrations of carbon at pasition of 2

and 12 mm beneath the carburizing surface are 0.2 and 1.8 ke/m?, respect'fvely. Assume a diffusion

coefficient of 2x10° m?/s at this temperature. (10 %)

A gas of methane (CHs) and He is contained in a tube at 101.32 kPa pressure and 298 K. At one point

the partial pressure of CHy is pag = 60.79 kPa, and at a peint 0.02 m distance away, fa = 20.26 kPa. If the

total pressure Is constant throughout the tube, calculate the flux of CH, at steady state for equimolar
counterdiffusion. {10 %) '

. A drop of liquid toluere is kept at a uniform temperature of 25.9°C and is suépended in air by a fine
wire. The initial radius ry = 2.00 mm. The vapor pressure of tolusne at 25.9°C is P41 = 3.84 kPa and the
density of liguid toluene is 866 ke/m’. Please (a) Derive equation to predict the time  for the drop to
evaporate completely in a farge votume of still air. Show zll steps. (10%) (b) Calculate the time in
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seconds for complete evaporation. (10%)
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Approximate Physical Propertics of Some Common Liquids (3[ Units}
Specific  Dynamic  Kincmatic surtace Vapor Bulk .
Deasity. Weight,  Viscosicy. Viscosity, Tension, Pressure. Modulus."
Temperature # ¥ # v o g E,
___Liguid C) (kgm’)  (kNim’) . [N-sfm®) {ls) (Nim)  INm? (abs)]  (NM)
Carton tetrachloride 20 1.5%0 13.6 SE-4 GBBE-7 26E-2 13 E+4 13lE+%
Ethyl alcohol iy TR 7.74 ) LISE—-3 151E -6 228E -2 50 E+3 LNGEE 4+ 9
Guspline: 156 680 661 31 E-4 46 E-7 22 E~-2. 355 E+4 L3I E+YH
Glycenin 20 1,260 12.4 15E+0 II9E -3 AHIZE-2 14 E~2 4352E+9
Mereury 20 13,600 133 1STE-3 FISE=-7 4668E -1 1.6 E-1 Z35E+10
SAE 3 eil 15.49 912 8§95 38 E-1 42 E-4 36 E-12 — 1.5 E+ 9
Seawater 15.6 1.030 3.1 L2OE-3 [ITE-6 T3ME-2 LT7E+3 ZME+9
Water 15.6 Rt R0 [IZE-3 1I2E-6 73E-2 IL.7T7E+3 Z2I5E +9

* in conwer with air.
" Iseniropic bulk moedulus calmlated from spocd of sousd.
¢ Typical vatues, Properties of petrpicum praducts vary.
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