16.50 Propulsion Systems

Spring 2012
Homework 4.1: Solid Propellant Rocket
1a) Normal operation mass balance:
appApPly 2 =0 (1) —
t
Transient operation after port opening:
V. dPg Ap+Ap)Pg
R—TCE = a‘DPAbPCn - —( t+c*b) (2)
A,
Define:
vee*

ten = ﬁ (3)
=L@ PaiaN

=4r
a=r (5)

Pc
= (6)

In terms of these variables, equation (2) becomes:
ay _ on _
L=y -A+ay ()

Multiply equation (7) by y™™:

—nd_Y_ _ 1-n
y 2 =1- 1+ )y (8)

(1-n)y™dy =d(y'™)

Define:

y'r™=u  (9)
1 du

EE: 1—(1+a)u (10)

This relationship is linear and can be easily solved. The particular solution is u = oo and the

S —(1- o 1
homogeneous solution is u = e =1~ +®T The complete solution is then u = T Ae

where A is arbitrary.

Att=0(t=0),wehave . =P, (y =u=1),s0
1=—+4
1+a

a

T 1+a

Therefore:

—-(1-n)(1+a)T



1+qe-1-mMA+d)T

1+a
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Using y = ui-n:
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1
14+ae~1-MWA+)T J1-n
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= = %) Fort » o (‘[ - OO), we obtain

1b) The combustion stops when P, < 20 atm (yextinction =
from equation (11):

y(eo) =———+—  (12)

(1+a)i-n

. 2
For this to be equal or less than a must be more than:

= () -1=(0) -1 (3

(“‘—P) = 1724  (14)

At/ min

For values of & > 1.724, the extinction limit y = %is reached in a finite time. Solving equation (11) for t

gives:
1 a
Text = (i aya-n) In ((1+a)y61;t"—1) (15)
. _ 1+ _
Sincen = 0.2and (1 + @)y = %(1 + @min )Vext
= s n | = (16)
Text = 0g(1ra) e
vee*

lext = Text RT.A; (17)

Assuming a molecular mass M = 20 ﬁ (not specified in problem statement),

Vet 10Xx1800
RT.-A — 8.314
At T5X3400

=1274%x1072%s (18)

. . . A -
We can now calculate a few extinction times corresponding to choices of A—P above the minimum, shown
t

in Table 1.

Table 1: Extinction Times

T 1.724 2 3 4
=
Text © 1.243 0.5803 0.3915
texe [5] © 1.583e-2 7.42e-3 4.99e-3




Homework 4.2: Monopropellant Hydrazine Rocket

Rapid disproportionation: N,H, — gNHg + §N2 (1)

Slow NH3; decomposition: gNH3 - %Nz + 2H, (2)

Since we assume 40% Ammonia decomposition, form equation (1) + 0.4*equation (2):

NaHy 31— 04)NH; + =2 N, + 0.4 % 2H, (3)

NyH, — 0.8NH; + 0.6N, + 0.8H, (4)

We can now write the enthalpy balance for the reaction. The enthalpy of the reactants (liquid Hydrazine
at 298.2K) is +50.63 kJ/mol, so using the fits provided for gaseous NHs, N,, and H,:

50.63 = 0.8(—70.40 + 51.1660 + 4.1102) + 0.6(—11.84 + 32.420 + 0.7662) + ---
+0.8(—8.23 + 27.160 + 1.3462)
497602 + 82.5080 — 120.64 = 0

- 2 *4, * R
9 = 82.508+V82.5082+4+4.976%120.64 = 1352 = T (5)

2+4.976 1000
T =1,352K

Mean molecular mass:

— 0.8%¥174+0.6%28+0.8%2 k
M= =16.0-~ = 0.016 -Z
0.8+0.6+0.8 mol mol

Mean specific heat:

RN

(0.840.6+0.8)
C =
p 0.016
— Ohny 1 Ohyy 51.66 k
@), =2 s - J__ 51,662
NH; oT 1000 96 1000 mol*K molxK
— ohn 1 Odhy 3242 k
G) =T 2 = ] _ 3242
N, aT 1000 96 1000 mol*K molxK
— Ohy 1 Ohy 2761 k
(¢;), === 2 = L_ — 27612
Hy aT 1000 96 1000 mol*K molxK
0.4%51.66+0.3%32.42+0.4%27.61 Ji
p 0.016 ’ kg+K

We could now calculate ¢, = 2,590 — 8314 — 2.070—L—and so y = 2 =1.2512
0.016 kg+K c
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