ME 420 Professor John M. Cimbala Lecture 06

Today, we will:

Continue discussing and defining critical (sonic) properties

Continue discussing converging nozzles: mass flow rate, choking, etc.
Derive equations for compressible flow through a converging nozzle
Do an example problem — flow in a converging duct

Do Candy Questions for Candy Friday
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Example: Steady adiabatic duct flow
Given: Air flows steadily in converging duct. The duct is

insulated. The following properties are known at location 1: \
. V1=200. m/s !

. M;=0.500 (4‘ s ¥=14o) !

To do:  Calculate the critical speed of sound a" at i_Vl;

location 1 in this flow. \w M/f M,

1
Solution: To be compIEted in class. /
Assumptions and Approximations: d)

Steady, Ideal gas, 1-D approximation, Adiabatic, [sentropic

Equations that are useful:
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Example: Steady adiabatic duct flow (continued — alternate way to solve)
Given: Air flows steadily in converging duct. The duct is

insulated. The following properties are known at location 1: \\
. V1=200. m/s

. M, =0.500 :

To do: Calculate the critical speed of sound a” at Vi
location 1 in this flow. M,

Assumptions and Approximations: i
Steady, Ideal gas, 1-D approximation, Adiabatic, Isentropic /'/
Solution: We used the M-M" relationship —|a*=374. m/s. :

Now, we show an alternate method using ratios. @
Equations that are useful:
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Example: Converging nozzle flow

Given: Air flows steadily from a large pressurized
tank at pressure Py into a converging duct that is open  pressurized Converging duct
to another large tank at pressure P,. The duct is tank
insulated and we ignore friction. We measure:
. Py=1580kPa = plogiute P Stagnation A. = exit area
e Ip=5200 K —ppluke T conditions:
. P, =back pressure = 101.3 kPa V=0
. A, = exit area = 0.0130 m? T=T, = )
P =P Fe

Lo do: h = ho Py = back
(a) Is the flow at the exit subsonic, sonic, or

: pressure

supersonic?

(b)Calculate M, and T. for this case.
(¢) As we lower back pressure, at what value of Py

does the nozzle exit become sonic?
(d) What happens if P, < P*?

Solution:
To be completed in class.

Assumptions and Approximations:
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