1. (50 points) A non-afterburning turbojet is being designed for operation at an altitude
of 15 km and a Mach number of 1.8. The maximum stagnation temperature at the
inlet of the turbine is 1500 K. The fuel is a jet fuel having a LHV of 43124 kl/kg and
fi is 0.06. The following efficiencies apply at this Mach number:

na = 0.9 e = 0.98 m=0.92
=09 rp = 0.97 M. = 0.98

Use a gamma value of 1.4 up to the burner, and a value of 1.3 for the rest of the
engine. Assume R is 0.287 kl/kgK throughout the engine. Plot the specific thrust, 5
TSFC, nm, np, and 1o as a function of re, the total pressure ratio across the compressor. kJ:=10" -J
Is there an optimum r. that minimizes TSFC? s there an optimum r, that maximizes
specific thrust? Consider a range of r. from 2 to 60, Assume the exhaust is ideally
expanded. Also plot the nozzle area ratio as a function of r..
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kg kg-K
J
nc:=0.9 nn:=0.98 My,:=1.8 fst:=0.06 Cp;y:=1004.5.
kg-K
nb:=0.98 rb:=0.97 Ty,:=1500 K Yini=1.4 ¥p:=1.3
epyi=—t R=1244
Outside Engine Yp—1 kg-K
P,:=18750 Pa=2.719 pst T,:=216.65 K U:=Mgp;-\/Vy R-T,=1188 mph
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ASL SN Note: Mathcad usually starts vector indices at O
rc:=2,3..60 Pys(z):=2z+Py,  define a FUNCTION rather than a vector
Combu
Yin—1
P ( ) Yin (
03\# b [
Tosal2) =Ty | ——— To3 (Z)—T02
03a( ) o ( Py, ) To3 (Z) ’ZGT"'Toz We_in (Z) =CPin " <T03 (Z) —T02>
Tos—Tos(z
Combuster fb(2) ::04—03() fb(2)=0.033
nb«hc

04
CPp



fb(2)=0.033 [ assume your loop wants to return to4(z)

fb= (t04-t03)/ { ( (nb*hc) fcp) -to4)
for i=l:1length (fb)
if fb(i)=>fs
fb({i)=f=
t04 (i)=1/ (1+fb (i) ) * { { (nb*hc) fcp) +£o3)
end
end

My fb is (similar to the first line of code)

T‘D—'I- = T{FS{IE’}
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