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Exam No. 2 CBE 150A Spring 2014 Eldridge

Problem No. 1 (30 pts)

Contaminated nitrogen from a semiconductor fabrication unit enters a blower and is compressed
to 25 psia. It then flows through a packed bed where trace hydrocarbon is removed. After leaving
the bed, the purified nitrogen is discharge to the atmosphere. If the flow to the bed is 150,800
ft'/hr at 15 psia and 70 F what is the required diameter of the carbon bed ?

Data: Bed particles: 4 X 8 mesh, sphericity = 0.75, void fraction = 0.4, bed length = 10 ft.
Nitrogen viscosity at 70 F = 0.018 cP.

Problem No. 2 (30 pts)

Nitrogen (y =1.4) is flowing through a nozzle such that the Mach number is 2.4 where the flow
area is 25 cm”. Assuming the flow is isentropic, determine the flow area and velocity (ft/s) at the
location where the Mach number is 1.2. Reservoir conditions: P = 500 psia, T =200 °C

Problem No. 3 (40 pts)

A natural gas (primarily methane, y = 1.3, p = 0.01 cP) pipeline is to be designed to transport gas
at a rate of 5000 scfm (standard conditions are P = 1atm and 60 F). The steel pipe is to be 6 inch
ID and the maximum pressure that the compressor can develop is 1500 psig. The compressor
stations are to be located in the pipeline at the point at which the suction pressure for the
compressors is 100 psi above that at which choked flow will occur. If the design temperature for
the pipeline is 60 F, the compressors are 60 percent efficient, and the compressor stations each
operate with two stages and interstage cooling to 60 F, determine:

a) The proper distance (L) between compressor stations in miles.
b) The optimum interstage pressure and the compression ratio for each compression stage.
c) The total horsepower required for each compressor station.
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Exam No. 2 Make-up CBE 150A Spring 2014 Eldridge

Problem No. 1 (30 pts)

Contaminated nitrogen from a semiconductor fabrication unit enters a blower and is compressed.
It then flows through a packed bed where trace hydrocarbons are removed. After leaving the bed,
the purified nitrogen is discharge to the atmosphere at 14.7 psia. If the flow to the bed is 280,000
std ft'/hr (1 atm and 60 °F) what is the required discharge pressure of the blower 2 The bed
operates at 70 °F,

Data: Bed particles: 4 X 8 mesh, sphericity = 0.75, void fraction = 0.4, bed length = 10 ft.
Nitrogen viscosity at 70 F = 0.018 cP. Bed inside diameter = 4 ft.

Problem No. 2 (30 pts)

Nitrogen (y =1.4) is flowing through a nozzle such that the Mach number is 2.4 where the flow
area is 25 cm’. Assuming the flow is isentropic, determine the flow area and velocity (ft/s) at the
location where the Mach number is 1.2. Reservoir conditions: P = 500 psia, T = 200 °F

Problem No. 3 (40 pts)

A natural gas (primarily methane, y = 1.3, p = 0.01 cP) pipeline is to be designed to transport gas
at a rate of 5000 scfm (standard conditions are P = 1atm and 60 F). The steel pipe is to be 6 inch
ID and the maximum pressure that the compressor can develop is 1500 psig. Two identical
compressor stations are to be located in the pipeline 580 miles apart. If the design temperature
for the pipeline is 60 F, the compressors are 60 percent efficient, and the compressor stations
each operate with two stages and interstage cooling to 60 F, determine:

a) The arrival pressure at the compressor station.
b) The optimum interstage pressure and the compression ratio for each compression stage.
¢) The total horsepower required for each compressor station.

P=77? P =1500psig,80 F
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