9-111

9-145 A turbojet aircraft that has a pressure rate of 9 is stationary on the ground. The force that must be applied on the
brakes to hold the plane stationary is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The air standard assumptions are applicable. 3 Air is an ideal gas with
variable specific heats. 4 Kinetic and potential energies are negligible, except at the nozzle exit.

Properties The properties of air are given in Table A-17.

Analysis (a) Using variable specific heats for air,

Compressor: 3
q.
T, =290 K ——> h, =290.16 ki/kg ’ A
P, =1.2311 2
P, 5
P, =5 Py = (9)1.2311)=11.08 ——> h, =544.07 kl/kg
1 1
S

Qin = Mg x HV =(0.5 kg/s)(42,700 ki/kg) = 21,350 ki/s

Qi _21,350kJis
G = = 0 kgls

=1067.5 ki/kg

Gin =3 —h, ——> hy =h, +@;, =544.07 +1067.5=1611.6 kllkg—> P, =568.5

Turbine:

Wcomp,in = Werh,out — h2 - hl = h3 - h4
or
h, = h3 —h, +h; =1611.6 — 544.07 + 290.16 =1357.7 kJ/kg

Nozzle:

P,
P, =P, [P_SJ = (568.5)(%) =63.17 ——> h, =888.56 kJ/kg
3
. . . & d
Ein —Eout = AEsystem 0 (Gteady)
Ein = E'out
2&;0

V2 -V
O=hg —h, +-2 "4

or

1000 m?/s?
Vs =4/2(h, —hs ) = _|(2)1357.7 — 888.56 )k/kg ~Tikg =968.6 m/s

%}MON

Brake force = Thrust = M(Vyi —Viner )= (20 kg/s)(968.6 —0)m/s
1kg-mi/s
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