Rocket Propulsion Basics

Ideal Thrust Coefficient and
Characteristic Velocity
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Ideal Thrust Coefficient
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« Also steady thrust T =mu, +(pe — Pa )Ae

« Recall definition of thrust coeff. (o

+ Combine with ideal _
nozzle results U - 2y RT, 1_(&

Jy%

y+1

. P, 2 |1
mchoked = A[ 7(7/ +1j
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Ideal Thrust Coefficient
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y=1{r+1 P, P P ) A
+ |deal thrust coefficient is only function of
=7, € (FAJAY, Pa/P,
— recall p/p, = fn(e)

* Note: c, = fn(T,, MW)
» Thrust coeff. depends mostly on pressure

distribution in thrust chamber -
— from normalizing by p,A; C =
PoA
P AF6450 Rockel Propulsion

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

=ngfmeering

Ideal Thrust Coefficient
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S
mue/poA[ (pe_pa)Ae/poA

» 1stterm = contribution to thrust by
exit velocity/momentum

« 2nd term = contribution to thrust by
exit pressure
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Comparison of Terms
+ Compare terms for different nozzle designs
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Comparison of Terms
» Look at exit versus ambient pressure
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Effect of Ambient Pressure on C,

2.2
2.0 Po/Po =0 « Can get
1.8 — 6-001 higher thrust
16 — < coeffient by:
1.4 /_\ AN Z NN —redu_cing
. 1.2 001 \ \ ambient
o .
1.0 S 0025\ \ pressure
2'2 o2 \ 1\ \ —increasing
04 \\ \ [\ \ rocket
\ \ \ pressure
0.2 V=12
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AJA= €
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Normalize by Converging Nozzle c,
L8 i Pa/ps =0 * Large ¢ needed
1.6 F —e for optimum c_ for
L4t = S o0t small p,/p,
12 2 « Optimum ¢ (for ¢,
8 1.0 1\ \ (blf 00025\ \ l5) varies with
Q g fmax \ \ \ \ altitude (p,)
© 06 ftTlrn“eSt - 0025) ¢ \ —for p,=1000 psia
04 | A W A N W
5 s \ ___\ \ \ 0.015 sea-level
2'0 F y=1.2 shock at exit 0.001 60,000 ft
1 10 100 1000
AJA= €
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Flow Separation \/\

psep oblique shock

I
|
1.8 r /\@arated flow

1.6 F R — + For p in nozzle enough below

14 b /2:55 P, flow (b.l.) separates

12 | SRR i

g, 10 = K=25=<__-[ \ 501 ngrmal shock would enter

Q: 08 I =4.0 i — expansion essentially ends
O i 0.025 \ at separation (lower &)

0.6 i 0.1 \Separated RIOW + Summerfield* found oblique

0.4 | T Region \ shock enters nozzle for

S R i K=p,/p, o= 2.5—4
02 F=T2 Normal shock at exit 2 —40°
00 LY = PJP,<25-40% p./p,

« Kalt and Bendall** give
1 10 empirical-based criteria (one
AJA= € of many)

-0.2
psep/pa - (po/pa)
*Summerfleld etal., Jet propulsion 24 (1954)
16ty Jery M St ereso) Spacecraft and Rockets 2 (1965) ALEo450 Rockel Pr 0””"”0”

Ideal Charactenstlc Velocity

« Recall defn. of c*  c*=Ap,/m
* Inserting expression for choked flow
e AD,
7+1
Alpy VR, )i 2/ +2)] P

VRT,  — & sound speed Typical c* values

&4 0.71fory=1.2  1200-2400 m/s
y2/(y+1)] /20— { 0.81 for y=L.4 )
004 for -1 g7 (4000-8000fUs)

Ideal c*=

* So c*=fn(y, T,, MW) = 1.1-1.4xsound speed = fn(p,, p,)

measure of thermal .J |_, measure of obtainable u, not dependent on
energy available — flow KE for given KE nozzle performance
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