1) (25pts)

Compressible Flow Exam Spring 2007
Calculators Allowed

Consider a converging-diverging nozzle with a throat area of 100 cm? and an exit area of 240 cm?
exiting into an altitude simulating test chamber at 50 kPa. The nozzle is supplied with clean dry
air (y=1.4 and R=287 J/kg K) at a fixed stagnation temperature of 300 K and a supply pressure that
can be varied.

a.

(4 pts) What is the “design” Mach number of this nozzle and what is meant by this
phrase?

(5 pts) What is the exit Mach number if Po =58 kPa? Sketch and describe the flow
exiting the nozzle?

(5 pts) What is the exit Mach number if Po =110 kPa? Sketch and describe the flow
exiting the nozzle?

(5 pts) What is the exit Mach number if Po =1000 kPa? Sketch and describe the flow
exiting the nozzle?

(6 pts) Determine the maximum mass flow rate and the minimum supply pressure with
which this can be achieved? Discuss how the mass flow rate changes as a function of the
pressure ratio.



2) (25 pts)

Compressible Flow Exam Spring 2007
Calculators Allowed

Consider compressible flow through a blow down wind tunnel. The test section (flow duct) has a

constant

101 kPa.

cross sectional area 5 cm x 5 ¢cm and is 10 cm long. Flow through the converging
nozzle can be assumed to be isentropic. The air exits the duct into a chamber with a pressure of
Converging
Nozzle

—x P,=101 kPA
P0=1000 kPa

To=600 K

Inlet Exit

(3 pts) Where will the flow choke first and is it possible to have supersonic flow in the
duct?

(7 pts) If the stagnation conditions in the reservoir upstream of the nozzle are Po=1000
kPa and To= 600 K. Determine the conditions (Mach #, Pressure, and Temperature) at
the ducts inlet and exit if the friction factor is 0.025.

(5 pts) For the above case now consider that heat can be added or subtracted from the
duct and assume that as a first approximation the heat along with the friction can be
considered independently and added together. To maintain a constant Mach number
through out the duct will you need to add or subtract heat? Draw and explain both Fanno
and Rayleigh curves to justify your answer.

(3 pts) Returning back to adiabatic flow in the duct describe another way to keep the
Mach number constant through out the duct.

(7 pts) If the reservoir has a volume of 8m® calculate how long it will take to drop its
pressure 500 kPa assuming that the temperature in the tank does not change.
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