ME 420 Professor John M. Cimbala Lecture 30

Today, we will:

Do an example problem, Rayleigh flow
Begin to discuss Fanno Flow: flow in a pipe with friction but no heat transfer

Example: Rayleigh flow

Given:
Air and fuel enter a . .
15-cm diameter tube at : .
550 K, 480 kPa, and D! > Heat added, Q @
80.0 m/s. 5 '
The fuel is burned
between locations 1 and 2 in the tube, as sketched, and in the process, 4514 kW of heat is
added.

To do: Estimate the temperature, pressure, velocity, and Mach number at location 2.

Solution:
Assumptions and Approximations (consistent with our simplified Rayleigh flow analysis):
1. The air/fuel mixture is an ideal gas with the same properties as air alone, and the
properties do not change due to combustion products. T %
2. The flow is steady and one-D. // 2
3. Friction along the tube walls is negligible. S

Inlet conditions:
Given: V1 =80.0 m/s, T1 = 550 K, P; = 480 kPa, 4; = A>» = zD*/4 = 0.01767 m>.
Calculate: p; =3.0409 kg/m>, a; = 470.10 m/s, M, = 0.17018. —_—
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Calculate: Ty = 553.19 K. I will show two ways to do this.
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Car caicutatc othier properties at the inlet if needed.




Heat transfer analysis (Rayleigh flow): - \J =(y %y .
Given: 0 =4514 kW M= PUA T ) £ =

Calculate: q:Q_: IgA =1050.0 g - qsy kw
1 ,_, -
P4 g 42943 _- ‘. \F.u\ 1070, o

Calculate: 7, =T, +L =1598.5K. Yr.
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Sonic (critical or *) reference values analysis (Rayleigh flow):
2 + -1 1+y)M?
[ ) 1]( M, =0.12914.

Calculate To1/Ty" from the ratio equatlon -
To [1 +yM? —
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Calculate [ T Tm To =0.37315. - _5_-_5_;____ 0-\’191% ~ 03y
Calculate M, (mversely any way you can!): -
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