ENAE 483/788D PPT SPECIALTY PROBLEMS — FALL, 2023

This is an extra-credit homework — if you turn it in prior to the solution set being posted on
Dec. 7, it can add to your final grade in the class. Whether you do this homework or not, you will
be responsible for understanding and using this material on the final exam.

(1) A rocket engine on the first stage of a launch vehicle has a combustion chamber pressure
of 2500 psi and an exit pressure of 7 psi. The ratio of specific heats v in the exhaust is 1.2.
The exhaust velocity at ideal conditions (P, = P,) is 3200 m/sec.
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(a) Calculate the expansion ratio of this engine’s nozzle
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= (1.611)(0.007458)(2.621) = 0.03149 = ~¢ =[31.75
t

(b) If you wanted to lower the exit pressure to 0.8 psi, what expansion ratio would you

need?
A, /22\02 /08 \T2 |22 (08 13
A, <2> (2500) 02| <25oo>

A
= (1.611)(0.001224)(2.850) = 0.005618 = ~* =[178.0
t

(2) You are designing a propellant depot in low Earth orbit to support extended exploration
of the Moon and Mars. The depot is in a circular orbit at an altitude of 400 km. The
depot will need a continual power level of 50 kW to maintain temperature of the cryogenic

propellants and prevent boil-off. In this orbit, the depot is in eclipse for 39% of the orbital
period.

(a) How much energy storage do you need in your batteries to maintain power during
eclipse periods?

3 / 400)3
P =2r @ 2T M = 5553 sec = 92.56 min = 1.543 hrs
W 398604

Per orbit, (50 kW)(0.39)(1.543 hrs) =|30.09 kW-hrs
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(b) If the batteries are 90% efficient at charging (i.e., only 90% of the power you supply for

recharge will be stored in the battery) and 95% efficient at discharge (i.e., 5% of the
capacity of the battery is unavailable for use), how does your answer to (a) change?

1 1
Ereq = 30. hrs | o= ) (= ) =[35.19 kW-hs]|
q = 30.09 kW-hrs (0'95> (0.9) 35.19 kW-hrs

(c) If the batteries have a specific energy of 300 W-hrs/kg, what is the mass of the batteries
(as defined by your answer to (b))?

35.19 kW -hrs
att = —————— 1000 W/EW =|117.3 k
Mbatt = 3507-ra kg /

(d) How much power is required from the photovoltaic arrays to operate the depot and
charge the batteries with a 20% energy margin?

1.2)35.19 kW-h
Daylight /orbit = 0.9412 hrs = Precharge = ( )o o "5 _[44.86 kW
. T

(e) The PV arrays you have chosen have a conversion efficiency of 24% and a mass of 2.5
kg/m?2. What are the area and mass of the PV arrays? What is the total mass of your
power system?

Ptot(zl = Pops + Precharge =50+ 35.19 = 85.19 kW
Protar 85,190 W
Agrray = = ’ =|254. 2
Y Iem 1394 W/m?2(0.24)

Marray = (254.6 m?)(2.5 kg/m?) = |101.9 kg
Miotal = Marray + Mpare = 117.3 +101.9 =[219.2 kg

(3) You are designing a solar dynamic power system for a large space station. The goal is to
generate 500 kW continuously.

(a) If the system were 100% efficient, how large would the solar concentrator have to be
to collect 500 kW of incoming solar power at 1 AU? Assume the station is in a solar
orbit and is never eclipsed.

P 500,000 W
A=—=_——— =|358.7 m?
Is 1394 W/m2

(b) The best thermodynamic efficiency possible is that of the Carnot cycle, n =1 — %.

If Thor =2100K and T,,;q =450K, what is the efficiency? What is the new required
solar concentrator area?

T 450
p=1— 2 g 2 [0.7857
Thot 2100
P 500,000 W
=— = : —[456.5 m?]
nl,  0.7857(1394 W/m?2) =
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(c) Given your answer to (b) above, how must waste heat do you need to radiate away?

Puaste = AL(1 — n) = (456.5 m?)(1394 W/m?)(1 — 0.7857) = 136,400 W =[136.4 kW

(d) If the radiator is a flat plate (o = 0.25; € = 0.9) that radiates to deep space on both
sides without any other heat loads, what area would the radiator have to be?

Prod 136, 400
Prog = AeoT? —= A= 1% — ’ = 65.17 m?
rad = £€0 coT* ~ 0.9(5.67 x 10-8)(450)4 mn

Since a flat plate has two sides, Ayqq =|32.59 m?

A,qq 18 the physical size of the radiator assembly, which radiates out of both sides.

(e) If the same radiator design is in low Earth orbit such that one side radiates to Earth
(TEarth =280K) and the other side is illuminated by the sun, what would be the new
required radiator area?

Aradals + Praqd = AradEUTfad + AmszO' (T4ad - Tg‘arth)

r

A J= Prad
rad —
6O-Cr;lad t+eéo (Tfad - Tzl?arth) - aIS
136, 400

A =
74 0.9(5.67 x 10-8)(450)% + 0.9(5.67 x 10-8) (450% — 280%) — 0.25(1394)

136, 400
Apgd = ’ = !ﬂﬂﬁﬂlllﬂ
47 2003 + 1779 — 348.5 (3871 m]




