AE2203 Propulsion and Power

Formula Sheet
Aircraft Propulsion

Total Temperature and pressure

2 WX
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Compression
Subscript 1 for inlet conditions and subscript 2 for exit conditions

x—1
_ _ T, 1P (T)
Isentropic Efficiency Z=1+—|= -1
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Expansion
Subscript 1 for inlet conditions and subscript 2 for exit conditions
x—1
T P (T]
Isentropic efficiency —=l=g 1= =
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Critical Pressure Ratio - -
1
gCr = Pl /1)2 = K
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Compressors and Turbine
Relations of angles: Compressor  tan g, — tan f, = tan ¢, + tan f3,
Turbine tan o> - tan g, =tan S, - tan g
Degree of reaction: Compressor A= f;v (tan g, ~tan f3,)
. b G 3
Turbine A _"_C"_ (tan f,-tan j3,)

Simplified Combustion Chamber Heat Balance

mair ’ cpg : A]—;c = 77('(' i mﬁzel : LHVﬁdel
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Part rocket propulsion

Energy equation open system (steady state)
Q + (Eimcmal + PE + KE +PV) =W+ (E

in intcrnal

Vandenkerckhove function
y+1
B 2 (2(7—1)]
Sy

Flow separation criterion (Summerfield)

P/ >0.35-0.45
P,

Pump power
m-Ap Q-Ap
Pp =—=
nop M,
Kinetic energy of ion between two charged plates
B, =gAV = %mqw2

Utilization or ionization efficiency

i

m
Na=—_

m
Maximum ion current density

1/2 -
_4g [2q)| V7
] 9 {m d?

q

Magnetic induction
B=u-H

+ PE + KE +PV)

Isentropic relation

ot L = constant

Nozzle area or expansion ratio

A*

Flow separation criterion
(Schmucker)

1% > (1.88 M - 1°¢

Burning rate law (solid propellants)
r=a-p"

Ton mass
micn = mq = M/NA

Beam current
I = Nions q

beam

Ionization power
P'on an m/MNA \]1

1

MPD thrust

2
FT=H.I_ lnri+§
4 r 4
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Part electrical power

Electrical power (DC)
P-VI=FR

Voltage single armature generator
U=NBA osin(ot)=U_sin(ot)

3-phase RMS voltage
(VRMS )3_phase = \/ix (VRMS )single phase

Rotational (mechanical) power
Pmcch =To

Power from solar collector
A

Pco]lector = 114:01]et,‘lor SiIlum collector

Current in photovoltaic cell
=1, -1, =1, -1,(e%" -1)

Electrical energy in battery cell
E, =CxV

Capacitance
C=QV

Energy in charged capacitor
E=(1/2)QV=(1/2)CV*=Q*2C

Series regulator
Vout = Viu - (Rserics ) Iload

TRU efficiency

nTRU = nmmsfom]er nrcctiﬁcr

Electrical power (AC)
P, = Veus Tnws PF

AC RMS voltage
V cak
fow =

Output frequency alternator
..
120

Wind power

Pwind = pair X (Dbladc )2 X (vwind )3 X constant

TEC efficiency

AT
Npge =f—

hot

Fuel cell system power output
Pfc = nfc X mfuel x HV

Capacitance parallel plate capacitor
C= eA/d

Shunt regulator
Vout = Vin i R (Iload + Ishuut )

Wire resistance

L
R=p —
PA

Cross
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Values of some important constants

Gravitational acceleration at sea level:
Absolute gas constant:

Elementary charge:

Vacuum permittivity:

Magnetic permeability of vacuum:
Avogadro’s number:

g, =9.81 m/s’
Ry = 8.3143 J/(mol-K)
e=1.6x10"C

& =8.854x 102 F/m
o =4nx 107 H/m
6.0 x 10%



