M E 320 Professor John M. Cimbala Lecture 43

Today [last day of class ©], we will:
Finish our discussion about shock waves; converging-diverging nozzles
Do some example problems
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Effect of Back Pressure in a Converging-Diverging Nozzle: [Fig. 12-22 in Ed 2 of textbook]

|
| Throat M« = (P p\. J'ynlll Q/M\jL
|

|

P
0
_|—I'- (i
1":- = 0 | i |
| | 7,
| nea! |} |
| l(wxllqu}, —‘ neerly :
}—»r | a§>0  Meetopre Jlmd( @ ext Yline
|
: Al ik
|
|
P : Pb ne (’Im P\,"‘?o
l /
|
P 0= I 4
| at nozzle exit
l %) (no shock) \l ?\’ decrs/ o«
Subsonic flow
Pr———— f y at nozzle exit
/ (shock in nozzle)
Sonic flow %
at throat Supersonic flow
y at nozzle exit
(no shock 1n nozzle)
0 >
Inlet Throat Exit X "
| Shock | fe)= Dengr candins,
Maa ocC —
: in nozzle £ 3 G P(FA'J\, ey andd)
Sonic flow | P> Supersonic flow Nake
at throat : : at nozzle exit \

(no shock in nozzle)

-
R ™ . T D Subsonic flow ’\/“:_

at nozzle exit

(shock in nozzle) N

Subsonic flow
at nozzle exit

(no shock) &

0 .
Inlet Throat Exit X

-
i

OVERERANES = wher e <P 0 — 98 dhotk dimiy
&)NBE@("«XPA“IB@D - Whea P\oé()(: (e,y‘ \DGS,—\ gu(' P'IAN, o‘;\— /&/II\\)\




Overexpanded nozzles:

SR-71 Blackbird

Example — High speed jet aircraft
Given: The SR-71 travels at Ma = 3.2 at 24 km altitude (80,000 ft).

_—

To do: Calculate its air speed.

Solution:

e From Table A-11E, T at 24 km altitude is -69.7°F = 217 K.

e Using k = 1.4 and Ry, = 287 m?/(s*K), ¢ = (kRT)Y? = 295 m/s.
e Thus, V = Ma-c = 3.2(295 m/s) =[944 m/s](= 2110 mph).

Shock Diamonds (“tiger tail”):

Example of a Rocket Engine:
Pratt &Whitney RL-10 rocket motor designed for a specific Magyi; (photographed at the
National Air & Space Museum). 1960-vintage, Maeyi: = 5, k = 1.33, thrust = 15,000 Ibf, D, ~
1 m, used in the Saturn IV 2" stage.
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Example — Normal shock at Ma = 3.0

Given: A converging/diverging nozzle acce air to Ma = 3.0 at the exit. The upstream
stagnation properties are To = 1000 K and’P, = 1.00 MPa
To do: If a normal shock occurs right at the exit plane, calculate the pressure, temperature,

and density upstream (1) and downstream (2) of the shock.

Solution: O v uphum — Fraw W nesd, Vednpre vp Ty
e From Table A-13 at Ma, = 3.0, V4 Yhe (hock
AJA* = 4.2346, /P, = 0.0272)T/T, = 0.3571, and pl o, = 0.0760.

e From Table A-14 =30\ 40y Shak @ Ma, =30
Ma, = 0.4752, P2/P1 = 10.3333,\T5

@ ®_/ ?\: (%—3?6 = (0.'2,7?,) (l.ov MP}S o WA ) \LPm: ?‘

0

T . - - <1
KL\”:\\“ = (0‘3S7I\(\eav\ﬁ\: 357\\( -—

= 0.5 \%

- \ 0.26) kj/».f}

(EBR = (10333)( 272 kR) = 28 kA7 .- 281 K




