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1. A nozzle is a device that is commonly used in aerospace propulsion systems to accelerate or decelerate flow using its varying cross section. 

2. The most basic type of nozzle, the converging nozzle, is essentially a tube with an area that gradually decreases from the entry to the exit, or throat. 

3. As the nozzle area decreases, the flow velocity increases, with the maximum velocity occurring at the throat.  As the inlet flow velocity increases, flow velocity at the throat also increases until it reaches Mach 1. 

4. When it reaches Mach 1, the flow at the throat is choked, meaning that any further increase of the inlet flow velocity does not increase the flow velocity at the throat. For this reason, converging nozzles are used to accelerate fluids in the subsonic regime alone. 

5. Instead of describing flow using velocity, we tend to describe flow in regards to the back-pressure, which is the measurement of the pressure exerted by the fluid.  When there is no flow, the back-pressure equals the stagnation pressure.  

6. Let’s look at the back-pressure ratio, or the ratio of back-pressure to stagnation pressure, across the length of the nozzle. As the back-pressure ratio at the throat is reduced, the flow velocity increases. 

7. This causes the back-pressure ratio to decrease across the length of the nozzle as well. The back-pressure ratio can be decreased at the throat until flow is choked at Mach 1.  This equates to a back-pressure ratio of 0.52833. 

8. Another common nozzle is the converging-diverging nozzle, which has a section of decreasing area followed by a section of increasing area. In the converging-diverging nozzle, we can also use the back-pressure ratio to examine flow behavior.

9. When flow is choked at the throat, the back-pressure ratio increases in the diverging section and the flow never reaches supersonic velocities. However, the flow can also be choked at the throat. Then it isentropically expands in the diverging section, reaching Mach numbers greater than 1. I read it as-is, but it didn’t seem to make sense…
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10. Alternatively, the flow can form a shock when it expands in the diverging section. If the pressure at the nozzle exit is lower than the ambient pressure, the jet exiting the nozzle is highly unstable with variations in pressure and velocity. This is called over-expanded flow. 

11. If the pressure at the nozzle exit is higher than the ambient pressure, the flow exhibits similar unstable flow and is called under-expanded.

12. In this experiment, we will demonstrate and analyze flow in both a converging [1] and a converging-diverging nozzle. [2] 
1. Use shot:  1.3.1 and 1.3.2 (Talent shows converging nozzle then installs it) 
2. Use shot: 1.9.1. (Talent removes converging nozzle and installs converging-diverging nozzle)
Learning Objectives: 
In this section, we list 5 important questions (eg, What is transformation?) that the students should be able to answer at the end of each lab. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 



Take-Homes: 
In this section, we list 5 important take-home messages from the lab. Usually, these are answers to the 5 questions in learning objectives. Complete this after the finalization of the script and storyboard. Do NOT worry about filling in this box in your first version. 










